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MULTIPLE ROLES OF BIOMATERIALS IN FACILITATING BONE 

REGENERATION 

Changsheng Liu  

Key Laboratory for Ultrafine Materials of Ministry of Education, Engineering Research Center for Biomedical 

Materials of Ministry of Education, East China University of Science and Technology, Shanghai, China 

 

Nowadays, more than two millions bone repair or replacement procedures are carried out 

worldwide. However, due to the limited natural ability of body, reconstructive surgeons often 

face significant challenges when repairing bone fragility of elderly patient and critical size 

defects arising from traumatic injury and tumor resection. Unfortunately, the available 

orthopedic implants showed unsatisfactory therapeutic efficacy motivating the design for more 

effective bone substitutes. Even more difficult, the role of biomaterials in bone regeneration is 

still unclear. 

In fact, materials not only take on the role of supporting and conduction, some more novel 

bioeffects of biomaterials have been discovered, especially in the complicated in vivo 

microenvironment. For instance, inductive biomaterials can be obtained by introducing cytokines 

or growth factors, and biomaterials can act as enhancers of the signals. Furthermore, , the role of 

synergistic incorporative with growth factors, angeogenic effects, and immunomodulative roles 

have been reported in recent years. 

Therefore, it is critical to build up the interdependent relationship between biomaterials and 

biology. The concept of materiobiology has been raised as a novel scientific discipline that 

studies the biological effects of the properties of biomaterials on biological functions at cell, 

tissue, organ, and the whole organism levels. As a result, materiobiology may benefit the 

development of novel biomaterials providing combinative bioactive cues to activate the 

migration of stem cells from endogenous reservoirs, stimulate robust and scalable self-healing 

mechanism, and unlock the body’s innate powers of regeneration. 

 
Email: liucs@ecust.edu.cn 

mailto:liucs@ecust.edu.cn
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ROLE OF DISCOIDIN DOMAIN RECEPTOR 2 IN BONE DEVELOPMENT AND 

REGENERATION 

Renny T. Franceschi, Fatma F. Mohamed, Chunxi Ge and Abdulaziz Binrayes 

Department of Periodontics and Oral Medicine, School of Dentistry, University of Michigan, Ann Arbor, USA 

 

Skeletal progenitor cell (SPC)-extracellular matrix (ECM) interactions are critical for bone 

development and responsiveness to mechanical loads. The 1 integrin family of ECM receptors 

have been extensively studied as potential mediators of ECM responsiveness. However, the 

relatively mild phenotypes observed when 1 integrins are inactivated in the skeleton suggests 

the involvement of other ECM receptors. A second collagen receptor, Discoidin Domain 

Receptor 2 (Ddr2), plays an important, but under-appreciated role in bone. Mutations in Ddr2 

cause spondylo-meta-epiphyseal dysplasia (SMED) in humans, characterized by dwarfism, short 

limbs and craniofacial anomalies. Ddr2-null mice phenocopy SMED with severe bone defects 

seen in skull, cranial sutures as well as axial and appendicular bones. Furthermore, Ddr2-

deficient mice are unable to heal cranial bone injuries and tibial fractures. To determine the 

cellular sites of action of Ddr2 in bone, we examined the distribution and lineage of Ddr2-

expressing cells and used a conditional deletion approach to assess Ddr2 function in specific cell 

types. As will be shown, Ddr2 is expressed in SPCs that serve as progenitors for chondrocytes, 

osteoblasts and osteocytes and is required for SPC differentiation. Furthermore, knockout of 

Ddr2 in Gli1+ SPCs results in a skeletal phenotype similar to globally Ddr2-deficient mice while 

chondrocyte-selective knockout mice have defects restricted to long-bone growth plates, 

synchondroses and endochondral bone. These studies establish important cell-autonomous 

functions of Ddr2 in specific bone cell types and identify Ddr2 as a potential target for 

therapeutic intervention. 
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BEHAVIOR OF AGGRESSIVE OSTEOLYTIC BREAST CANCERS IN THE 

SKELETAL COMPARTMENT: (近朱者赤，近墨者黑) 

Francis Y. Lee 

Department of Orthopaedics and Rehabilitation, Yale School of Medicine, USA 

 

Clinically, breast cancers most commonly spread to bone and frequently result in osteolysis, pain, 

fractures, and increased cancer burden. More than 200 bones in human patient comprise the 

largest soil and reservoir for advanced cancers for many cancers. Breast cancer cells utilize many 

cytokines that not only increase osteoclastogenesis but also inhibits osteoblastic bone repair. 

Once molecular interactions between bone and breast cancer cells are better understood, multiple 

skeletal metastases could be another therapeutic time window for suppression of  cancers as well 

as protection of host bone. Inflammation in the skeletal compartment is associated with 

inflammatory cytokines that activate osteoclast formation, osteolysis, and inhibit bone repair. 

Here, we present an inflammatory interactive paradigm by which aggressive osteolytic 

metastatic breast cancer cells convert quiescent osteoblasts into inflammatory cells that 

unfaithfully self-destroy their own skeletal compartment. After screening experiments of various 

breast cancer cell lines, osteolytic breast cancer cells have heightened pERK1/2 compared non-

osteolytic breast cancer cells. Furthermore, osteolytic breast cancer cells convert pERK1/2-low 

osteoblasts into pERK1/2-high osteoblasts in murine and human bone specimens affected by 

aggressive osteolytic breast cancer cells. This inflammatory conversion was verified in 

osteoblast-breast cancer cell co-cultures where osteoblasts became pERK1/2-high inflammatory 

cells producing osteoclastogenic cytokines and lost minerals to cancer colonies. Unbiased 

expression analysis of 20,000 genes showed that multiple pro-inflammatory genes are activated 

during the early adaptation phase of breast cancers to the skeletal environment. Inhibition of 

phosphorylation of ERK1/2 effectively prevented inflammatory conversion of osteoblasts 

attacked by aggressive breast cancer cells and suppressed pERK1/2-pCREB axis in breast cancer 

cells in the skeletal compartment, thereby effectively decreasing bone destruction and cancer 

burden. Taken altogether, aggressive osteolytic breast cancer cells trigger innate inflammatory 

interactions with quiescent bone cells that collaborate in destruction of its own skeletal 

compartment. Pharmacologic blocking of inflammatory interactions between aggressive breast 

cancer and bone cells is an alternative adjuvant therapy for advanced cancers with skeletal 

metastases. This organ-specific super-precision therapy paradigm may be tailored to many 

different types of advanced cancers spreading to other organs. 
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MANIPULATING T CELLS FOR BONE REGENERATION 

Peter X. Ma  

Departments of Biologic and Materials Sciences, Biomedical Engineering, Materials Science and Engineering, and 

Macromolecular Science and Engineering, The University of Michigan, Ann Arbor, USA 

 

There is a growing recognition of host immune cells, 3D matrix and biological 

microenvironments in regulating the fate and function of stem cells. A key challenge facing 

tissue engineering and regenerative medicine is to recapitulate the microenvironments in a 

developmental or healing program to maintain stemness, to accelerate proliferation, or to direct 

stem cell lineage specification. Our lab takes a biomimetic approach to design biodegradable 

polymers to modulate 3D microenvironments on the micro, nano and molecular scales to 

regulate stem cells and immune cells to regenerate tissues. Examples will be presented to 

demonstrate the impact of 3D structural and biological microenvironments in immune regulation 

and tissue regeneration. 
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CILIARY SIGNALING OF PTH MAINTAINS INTERVERTEBRAL DISK 

HOMEOSTASIS 

Xu Cao 

Department of Orthopaedic Surgery, Center for Musculoskeletal Research, Johns Hopkins University, USA 

 

Dr. Xu Cao’s research focuses on the role of bone marrow mesenchymal stem cells in bone 

remodeling, osteoporosis and osteoarthritis. Particularly, the fundamental mechanisms of bone 

biology to gain a deeper understanding of major musculoskeletal disorders and develop potential 

therapies for these bone diseases. Spinal degeneration with low back pain is one of the most 

prevalent diseases leading to a decline in mobility and frailty. Enlarged sclerostic endplates 

occupied the IVD space leading to degeneration of spine. Pain is the defining symptom of spine 

and osteoarthritis, but its origin and mechanisms remain unclear. We show that osteoclasts 

secrete netrin-1 to induce sensory nerve axonal growth in subchondral bone. Recently, we 

showed that PGE2 mediates sensory nerve to control bone homeostasis and promote 

regeneration. 

Reference 

1. Zhu S, Zhu J, Zhen G, Hu Y, An S, Li Y, Zheng Q, Chen Z, Yang Y, Wan M, Skolasky RL, Cao Y, Wu T, Gao 

B, Yang M, Gao M, Kuliwaba J, Ni S, Wang L, Wu C, Findlay D, Eltzschig HK, Ouyang HW, Crane J, Zhou 

FQ, Guan Y, Dong X, Cao X. Subchondral bone osteoclasts induce sensory innervation and osteoarthritis pain. 

J Clin Invest. 2019 Mar 1;129(3):1076-1093. doi: 10.1172/JCI121561 

2. Chen H, Hu B, Lv X, Zhu Z, Zhen G, Wan M, Jain A, Gao B, Chai Y, Yang Y, Wang X, Deng R, Wang L, Cao 

Y,  Ni S, Liu Liu, Yuan W, Chen H, Dong X, Guan G, Yang H and Cao X. Prostaglandin E2 Mediates Sensory 

Nerve Regulation of Bone Homeostasis. Nature Communication. 2019 Jan 14;10(1):181. doi: 10.1038/s41467-

018-08097-7. PMID: 30643142 

3. Zheng L, Cao Y, Ni S, Qi H, Ling Z, Xu X, Zou X, Wu T, Deng R, Hu B, Gao B, Chen H, Li Y, Zhu J, Tintani 

F, Demehri S, Jain A, Kebaish KM, Liao S, Séguin CA, Crane JL, Wan M, Lu H, Sponseller PD, Riley LH 3rd, 

Zhou X, Hu J, Cao X. Ciliary parathyroid hormone signaling activates transforming growth factor-β to maintain 

intervertebral disc homeostasis during aging. Bone Res. 2018 Jul 18;6:21. 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

8 
 

MULTIPLE ROLES OF WNT/Β-CATENIN SIGNALING IN CONTROL OF GROWTH 

PLATE FORMATION AND FUNCTION. 

Motomi Enomoto-Iwamoto 

Musculoskeletal Research Lab, Department of Orthopaedics, University of Maryland, USA 

 

Wnts play multiple roles in regulation of skeletal development and growth in vertebrates 

encompassing zebrafish, chicken, rodents and humans. I will introduce current knowledge of the 

roles of Wnt/β-catenin signaling in cartilage development during skeletal formation reviewing 

evidence reported from our lab and others. I will also present published and unpublished results 

on Wnt-responsive chondroprogenitors traced by the Axin2Cre reporter mouse model and 

discuss their distribution, fate and possible roles during epiphyseal development.  
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R&D AND CLINICAL TRANSLATION OF MG-BASED BIODEGRADABLE METAL 

IN ORTHOPAEDICS 

Ling Qin  

Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, Hong Kong, China 

 

Professor Ling QIN and his multidisciplinary group is focusing on research and development 

(R&D) of orthopaedic innovative bioactive materials and drugs. Their R&D targets major and 

challenging orthopaedic problems such as conditions with a huge global socioeconomic and 

healthcare burden in our aging society designated by WHO as “2010-2020 Bone-Joint-Decades”, 

including – but not limited to – osteoporosis, osteonecrosis, and osteonecrosis. Apart from the 

conventional “From Bench-to-Bedside (B-B)” approach, Professor Qin’s group also utilizes its 

close collaboration with clinicians in the teaching hospital (Prince of Wales Hospital) to realise 

the “From Bedside-to-Bench-to-Bedside (B-B-B)” concept for their long-term sustainable R&D. 

For example, conventional orthopedic implants developed for fracture fixation are made of 

permanent rigid metals (such as stainless steel or titanium) and a second operation is often 

needed for implant removal, which imposes additional financial and psychological burdens on 

patients. Therefore, biodegradable materials suitable for making fracture fixation implants or 

scaffolds for bone defect repair are highly desirable; especially those that do not require a second 

procedure to remove the implant and of which the degradation products are safe and enhance 

healing. Magnesium (Mg) is an ideal metal that meets these criteria, as it is also an essential 

mineral element of our bone matrix. Prof. Qin’s team focuses on not only on the innovative 

magnesium-based implants for osteoporotic fracture fixation and repair enhancement, but also 

the underlying novel healing mechanisms of magnesium ions after magnesium implant 

degradation. Prof. Qin’s group showed for the first time that magnesium-induced osteogenesis is 

mediated by local neuronal production of calcitonin gene-related peptide 1 (CGRP1) in an 

osteoporotic animal bone fracture model. Prof. Qin and his group have concrete plans to take 

their work forward towards clinical applications. 

Acknowledgement: The work described in this paper was fully supported by a grant from the Research Grants 

Council of the Hong Kong Special Administrative Region, China (Project No. T13-402/17-N). 
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IDENTIFICATION OF TRANSCRIPTION FACTORS AS THERAPEUTIC TARGETS 

FOR OSTEOARTHRITIS 

Martin Lotz 

Department of Molecular Medicine, Scripps Research Institute, USA 

 

A challenge in understanding mechanisms of osteoarthritis (OA) pathogenesis and prioritizing 

targets for drug development is to identify key regulators of normal and disease related 

transcriptomes in cartilage. This project focused on transcription factors (TFs) as promising 

candidates. We performed RNA-sequencing of normal human cartilage and compared these data 

with data from approximately 40 other human tissues in the GTEx database to identify all 

cartilage expressed and cartilage enriched transcription factors. This approach confirmed SOX 

TFs and identified several novel TFs that are highly enriched in cartilage and target a large 

numbers of cartilage-enriched genes. We also performed RNA-sequencing on human OA 

cartilage and found more than 70 known and novel TFs that were differentially expressed. 

Pathway analysis revealed 15 significantly perturbed pathways in OA including ECM-related, 

PI3K-Akt, HIF-1, FoxO and circadian rhythm pathways. We selected differentially expressed 

TFs that are enriched for regulating DE genes in OA and prioritized these transcription factors by 

creating a cartilage-specific interaction subnetwork. FoxO TFs were selected for function 

analysis and studies in cell and mouse models revealed critical roles of FoxO in cartilage 

homeostasis and OA pathogenesis. High throughput screening identified candidate molecules 

that activate FoxO and other key TFs in cartilage. Selected molecules were found to correct 

abnormal phenotypes of OA chondrocytes. In summary, this Omics data-driven approach 

provides new insight into mechanisms and mediators of OA pathogenesis and allows for 

prioritization of targets for drug development. 
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IMMUNOMODULATION – A NEW PERSPECTIVE FOR OSTEOPOROSIS 

MANAGEMENT 

Gang Li 

Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, Hong Kong, China  

 

Crosstalk between immune system and bone tissues exists. Many autoimmune and inflammatory 

disorders are associated with bone loss. Postmenopausal osteoporosis is also regarded as a 

chronic immune-mediated inflammatory disease, for many bone-resorbing cytokines are up-

regulated following menopause. Studies suggested that interplays between estrogen deficiency 

and immune cells such as T cell play pivotal roles in postmenopausal osteoporosis development. 

However, the mechanisms behind are still not well understood.   

 

Staphylococcal enterotoxins (SEs) are a family of heat-stable enterotoxins that can elicit a 

variety of biological effects. SEs can stimulate proliferation of T cell and induce various 

cytokines which suppress tumor cell growth. In China, Staphylococcal enterotoxin C2 (SEC2) 

has been approved by the National Food and Drug Administration for clinical use as an 

immunotherapeutic agent for the treatment of cancers and bone fracture. Our recent study 

demonstrated that local application of SEC2 could expedite bone consolidation in distraction 

osteogenesis, suggesting that SEC2 has positive effects on bone metabolism.  We hypothesized 

that SEC2 may retard osteoporosis development via its immune-regulatory effects. 

 

We have carried out a series of experiments to investigate the effects of SEC2 on bone 

metabolism in vitro and in vivo; and to explore the mechanisms for the immune-regulatory 

effects of SEC2 as well as to investigate the effects of SEC2 on osteoporosis treatment. The cell 

culture studies showed that SEC2 could promote osteogenesis directly and suppress 

osteoclastogenesis indirectly via regulating the function of T lymphocytes. In the ovariectomized 

(OVX) rats, SEC2 treatment led to a significantly increase in trabecular bone volume at distal 

femur compared to the non-treated OVX group. The serum RANKL/OPG ratio was significantly 

reduced at 3 weeks after SEC2 treatment comparing to the OVX control group indicating SEC2 

may effectively suppress the bone resorption induced by OVX surgery. Detailed mechanisms on 

how SEC2 modulates bone metabolism via T cells are still under further investigations.   

 

Hence, immunomodulation using agents such as SEC2 could be a new strategy for managing 

osteoporosis and other inflammatory diseases. 
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ADVANTAGES AND AREAS FOR IMPROVEMENT WITH ROMOSOZUMAB FOR 

OSTEOPOROSIS TREATMENT 

Hua Zhu (David) Ke 

Angitia Biopharmaceuticals Guangzhou Limited, Guangzhou, China 

 

Sclerostin monoclonal antibody (Scl-Ab) is a class of potential anabolic therapies targeting the 

Wnt pathway that is expected to stimulate bone formation and increase bone mass and strength, 

leading to decrease skeletal fragility fractures in osteoporotic patients. In humans, several Scl-

Abs, namely romosozumab (evenity), blosozumab (LY2541546), and setrusumab (BPS804), 

have been investigated in conditions associated with low bone mass and high risk of fragility 

fractures. These conditions include postmenopausal osteoporosis (blosozumab and 

romosozumab), osteoporosis in men (romosozumab), adult hypophosphatasia (setrusumab), and 

adult moderate osteogenesis imperfecta (setrusumab). The approval of romosozumab (romo) in 

Japan and in the US in early 2019 enabled the clinical use of this bone forming agent to treat 

osteoporotic patients in increased risk of fragility fracture (1).  Here we summarize the 

advantages and issues associated with Scl-Abs for treatment of osteoporosis. 

Romo, a humanized IgG2 monoclonal antibody, binds to recombinant human, cynomolgus 

monkey, and rat sclerostin with high affinity, thus inhibited the binding of human sclerostin to 

recombinant human low-density lipoprotein receptor-related proteins (LRP5/6), and blocked the 

sclerostin-induced decreases in Wnt signaling and bone matrix mineralization in vitro (2). Based 

on these results, a series of in vivo studies was performed to characterize the effects of romo on 

bone formation, bone mass and bone quality in preclinical models of osteoporosis, the 

ovariectomized (OVX) Sprague-Dawley rat and cynomolgus monkey. These studies 

demonstrated the ability of romo to increase bone formation by activation of bone modeling on 

the quiescent surface and increased bone formation and decreased bone resorption during bone 

remodeling in vivo. These effects led to improve bone structure, increase bone mass and bone 

strength while maintaining bone quality in aged OVX rat and aged OVX cynomolgus monkeys 

(3,4).  

In single- and multiple-dose clinical studies, romo has been demonstrated dose-dependent 

increases in the serum bone formation markers P1NP, osteocalcin and BSAP, a dose-dependent 

decrease in the serum bone resorption marker CTX, and an increase in BMD at the spine, total 

hip and femoral neck. However, with continuous administration of romo, bone formation 

markers returned to baseline levels after 9 months while bone resorption markers maintained at 

the decreased levels. Results from phase III clinical studies indicated that romo treatment for 12 

months increased bone formation and decreased bone resorption, which led to rapid and large 

BMD gain in postmenopausal women and men with osteoporosis. Further, these studies also 

demonstrated that romo decreased fragility fracture risk in postmenopausal women with 

osteoporosis compared with placebo and compared with alendronate (please see review at 

reference 5).  

There are important advantages of romo as compared with the currently other available therapies 

for osteoporosis. Romo is the only approved agent that can simultaneously increase bone 

formation and decrease bone resorption, leading to a large and rapid gain in BMD and the rapid 

efficacy in reducing skeletal fragility fractures compared with other therapies.  Less frequent 
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dosing of romo (once monthly s.c. injection) compared with teriparatide may increase the 

compliance of the use. However, due to its self-regulation in increase bone formation, its use has 

been limited for only 12 months. In addition, efficacy in reducing non-vertebral fracture needs 

further improvement. Furthermore, increased cardiovascular events observed in the ARCH trials 

may prohibit its use in osteoporotic patients with cardiovascular diseases.  
 

References  

1. Mullard A. FDA approves first-in-class osteoporosis drug. Nature Review Drug Discovery, volume 18, page 

411, June 2019. 

2. Holdsworth G, Roberts SJ, Ke HZ. Novel action of sclerostin on bone. Journal of Molecular Endocrinology, 

62:R167-R185; 2019. 

3. Ke HZ, Richards W, Li X, Ominsky MS. Sclerostin and Dickoff-1 as therapeutic targets for bone diseases. 

Endocrine Review, 33:747-783, 2012 

4. Ominsky MS, Boyce RW, Li X, Ke HZ.  Effects of sclerostin antibodies in animal models of osteoporosis. 

Bone 96:63-75, 2017. 

5. Appelman-Dijkstra NM, Papapoulos SE. Clinical advantages and disadvantages of anabolic bone therapies 

targeting the WNT pathway. Nature Review Endocrinology, 14:605-623;2018 

http://www.ncbi.nlm.nih.gov/pubmed/26868528
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OVEREXPRESSION OF SIRT1 IN MESENCHYMAL STEM CELLS PROTECTS 

AGAINST ESTROGEN DEFICIENCY-INDUCED OSTEOPOROSIS 

Qian Zhang and Dengshun Miao 

The Research Center for Bone and Stem Cells, Nanjing Medical University, Nanjing, China 

 

Previous studies suggest that Sirt1 has a protective role against osteoporosis (OP), however, it is 

unknown whether overexpression of Sirt1 in mesenchymal stem cells (MSCs) can protect against 

estrogen deficiency-induced OP. To answer this question, 8-week-old female Prx1-Sirt1 

transgenic (Sirt1Tg) mice and WT littermates were surgically ovariectomized (OVX) or sham 

operated. After 3 months, bone phenotypes of all models were analyzed. BMD, cortical and 

trabecular bone volume, and osteoblast number, ALP+ and type I collagen+ areas, ALP+ CFU-f 

forming efficiency and osteogenic gene expression levels were all reduced significantly, whereas 

TRAP+ osteoclast number and surface, and RANKL/OPG ratio were increased significantly in 

OVX-WT mice compared to Sham-WT mice, however, they were normalized in OVX-Sirt1Tg 

mice. Overexpression of Sirt1 in MSCs corrected OVX-induced the increase in ROS level, 

reductions in serum total antioxidant capacity, the expression of antioxidant-related genes and 

protein in bone tissue, and the increase in 8-OhdG, β-galactosidase and p16 positive cells as well 

as protein and gene expression levels in senescence and senescence-associated secretory 

phenotypes (SASP). To further assess the role and mechanism of estrogen in the regulation of 

Sirt1 expression, we first demonstrated that estrogen up-regulated Sirt1 expression in a dose-

dependent manner. We then used bioinformatics analysis to find potential ESR1 response 

elements in the Sirt1 promoter region. Furthermore, chromatin immunoprecipitation, gel 

electrophoresis mobility and luciferase reporter gene experiments demonstrated that estrogen can 

regulate Sirt1 gene expression via ESR1-mediated transcription. We also found that 

overexpression of Sirt1 in MSCs inhibited OVX-induced increase in NF-κB, Foxo3a and p53 

acetylation levels, and activation of NF-κB signaling. Estrogen receptor inhibitor XCT-790 

treatment could increase the expression of phosphorylated p65, and significantly inhibit the 

expression of Sirt1, the proliferation and osteogenic differentiation of BM-MSCs and induce 

senescence, while Sirt1 agonist Res could correct the XCT 790-induced the reduction in 

proliferation, differentiation and senescence of BM-MSCs. Our results suggest that estrogen 

deficiency can down-regulate Sirt1 expression through estrogen receptor alpha-mediated 

transcription, up-regulate Foxo3a, p53, and NF-κB acetylation levels, increase oxidative stress 

and DNA damage, induce cellular senescence and SASP, stimulate osteoclast bone resorption, 

inhibit osteoblast formation and accelerates the development and progression of osteoporosis. 

Overexpression of Sirt1 in MSCs can prevent osteoporosis caused by estrogen deficiency. The 

results of this study not only explain the mechanism of MSC overexpressing Sirt1 in anti-

menopausal osteoporosis, but also provide theoretical and experimental basis for the application 

of Sirt1 agonist resveratrol in the prevention and treatment of osteoporosis. 
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SIGNALING MECHANISMS CONTROLLING THE DEVELOPMENT OF 

OSTEOARTHRITIS 

Di Chen 

Department of Orthopedic Surgery, Rush University, Chicago, USA 

 

Osteoarthritis (OA) is the most common form of arthritis and is the leading cause of impaired 

mobility in the elderly.  OA accounts for more than a third of chronic moderate to severe pain.  

As a degenerative joint disorder, OA affects the whole joint and results in synovial hyperplasia, 

degradation of articular cartilage, subchondral sclerosis, osteophyte formation, and chronic pain.  

Currently there is no effective drug to decelerate OA progression.  The major drawback for anti-

OA drug development is lack of the knowledge of well-defined molecular targets for drug 

development.  In this presentation, we will discuss recent findings that we have investigated 

integrated signaling mechanisms in OA development, including.  The signaling molecules and 

pathways that we have studied include β-catenin, TGF-β, NGF and Runx2.  Our studies provide 

novel insights into the understanding of OA development and treatment. 
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GLUCOCORTICOIDS AND OSTEOARTHRITIS 

Hong Zhou 

Bone Research Program, ANZAC Research Institute, University of Sydney, Sydney, Australia 

 

Osteoarthritis (OA) is one of the most common chronic diseases worldwide. Treatments for OA 

are primarily prescribed to reduce syptoms such as intra-articular injections of glucocorticoids.  

However, the benefit of glucocorticoid treatments remains highly controversial. Aging is a major 

risk factor for OA. The expression and activity of the glucocorticoid-activating enzyme 11β-

hydroxysteroid-dehydrogenase type 1 in bone increases progressively with age in both humans 

and rodents. Employing a murine model of surgically induced OA, we here investigate the role 

of endogenous glucocorticoid (GC) signalling in osteoblasts and osteocytes in the development 

of osteoarthritic bone and cartilage damage in young and aged mice.  

We utilized transgenic (tg) mice in which glucocorticoid signalling is disrupted in osteoblasts 

and osteocytes via targeted overexpression of the glucocorticoid-inactivating enzyme, 11β-

hydroxysteroid-dehydrogenase type 2. Osteoarthritis was induced in 10- and 22-week-old male 

transgenic mice (tg-OA) and their wildtype littermates (WT-OA) by surgical destabilization of 

the medial meniscus (DMM). Sham operated mice served as controls (WT- & tg-Sham).  

Sixteen weeks after surgery, OA animals in both age groups developed features of cartilage 

degradation, subchondral-bone sclerosis and osteophyte formation. These changes did not differ 

between WT and tg mice when OA was induced at 10-weeks of age. In contrast, when OA was 

induced at 22-weeks of age, cartilage erosion was significantly attenuated in tg-OA mice 

compared to their WT-OA littermates. Similarly, subchondral-bone volume and osteophyte 

formation were significantly less pronounced in tg-OA compared to WT-OA mice.  

Glucocorticoid signalling in cells of the osteoblast lineage promotes the development of 

surgically induced osteoarthritis in older but not younger male mice.  These data corroborate the 

concept that osteoblasts and osteocytes are involved in the progression of DMM-OA via a 

glucocorticoid-dependent and age-related pathway. 
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THE EXOSOME-LIKE VESICLES FROM OSTEOARTHRITIC CHONDROCYTE 

ENHANCED MATURE IL-1Β PRODUCTION OF MACROPHAGES AND 

AGGRAVATED SYNOVITIS IN OSTEOARTHRITIS 

Lin Chen 

Army Medical University, Chongqing, China 

 

Synovitis, a common clinical symptom for osteoarthritis (OA) patients, is highly related to OA 

pathological progression and pain manifestation. The activated synovial macrophages have been 

demonstrated to play an important role in synovitis, but the mechanisms about macrophage 

activation are still not clear. In this study, we found that the exosome-like vesicles from 

osteoarthritic chondrocytes could be a new biological factor to stimulate inflammasome 

activation and increase mature IL-1β production in macrophages. The degraded cartilage 

explants produced more exosome-like vesicles than the non-degraded ones, while the exosome-

like vesicles from chondrocytes could enter into joint synovium tissue and macrophages. 

Moreover, the exosome-like vesicles from osteoarthritic chondrocytes enhanced the production 

of mature IL-1β in macrophages. These vesicles could decrease ATG4B expression via miR-

449a-5p, leading to inhibition of autophagy in LPS-primed macrophages. The decreased 

autophagy promoted the production of mitoROS, which further enhanced the inflammasome 

activation and subsequent IL-1β processing. Ultimately, the increase of mature IL-1β may 

aggravate synovial inflammation and promote the progression of OA disease. Our study provides 

a new perspective to understand the activation of synovial macrophages and synovitis in OA 

patients, which may be beneficial for therapeutic intervention in synovitis-related OA patients. 
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PROGRESS IN PATHOGENESIS, PREVENTION AND TREATMENT OF 

OSTEOARTHRITIS 

Lianfu Deng 

Ruijin Hospital of Shanghai Jiao Tong University, Shanghai, China 

 

Osteoarthritis (OA) is the most common chronic joint disease with older population. OA is 

characterized by degenerative alternation in the morphology, composition and mechanical 

properties of the articular cartilage, accompanying with synovitis, abnormal process of 

subchondral bone remodeling and osteophyte formation. Multifactorial etiopathogenesis were 

associated with the progression of OA, such as genetic predisposition, aging, obesity, 

Inflammatory cytokines and joint malalignment. Considering the extensive impact and 

consequences of this disease, at present there is no intervention that has been proven to prevent 

the development and progression of OA. Artificial repair of OA articular cartilage degeneration 

includes chondrocyte transplantation, cartilage graft and cartilage-bone combined graft. Inspired 

by the structure of the fresh euryale ferox seed that possesses a slippery aril and a hard coat 

containing starchy kernel, we biomimicked and synthesized a novel superlubricated nanoparticle 

via a one-step photopolymerization method, namely poly (3-sulfopropyl methacrylate potassium 

salt)-grafted mesoporous silica nanoparticles (MSNs-NH2@PSPMK). The in vitro and in vivo 

experimental results show that the anti-inflammatory drug diclofenac sodium (DS)-loaded 

MSNs-NH2@PSPMK nanoparticles effectively protect the chondrocytes from degeneration, and 

thus, inhibit the development of OA. 
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TEMPORAL AND SPATIAL CHANGES OF MOLECULAR PATHOLOGY AFTER 

SPINAL CORD INJURY 

Shiqing Feng 

Tianjin Medical University General Hospital, Tianjin, China 

 

Spinal cord injury (SCI) is a devastating neurological disorder that can lead to tremendous 

molecular pathological changes, and these changes are all different over the time course after 

SCI. Here, we elucidate the temporal and spatial changes after SCI in order to provide a 

reference for further research. When the spinal cord is compressed by a blunt force, it begins a 

neurological damage that is called primary injury, and which cause neurological damage directly 

and lead to a cascade of biological events. This stage is called acute phase and it lasts from 

minutes to one or two days. Second injury occurs over the time course of minutes to weeks and 

leads to further neurological damage. Numerous molecular pathology mechanisms can elucidate 

the progressive post-traumatic damage of spinal cord tissue. Vascular changes s leads to edema, 

necrosis and ischemia. Free radical formation and lipid peroxidation cause oxidative death in 

spinal cord neurons and reduce the spinal cord blood flow. Disruption of ionic balance of sodium, 

potassium and calcium and it leads to depolarization of cell membranes and cell death. 

Glutamate excitotoxicity lead to further neuronal cell death. Apoptosis occurs in populations of 

neurons, oligodendrocytes, microglia and astrocytes. Apoptotic cells were found after SCI and it 

can active cell death and facilitate damage of spinal cord cell. Inflammatory responses include 

microglial activation and leukocytes infiltration and inflammatory cells release an increased 

amount of cytokines. This will allow higher extravasation of leukocytes and further tissue 

damage. These molecular pathological changes happen in subacute and chronic phase. 

Furthermore, “microenvironment imbalance” is the main cause of the poor regeneration and 

recovery of SCI. Microenvironment imbalance is defined as an increase in inhibitory factors and 

decrease in promoting factors for tissues, cells and molecules at different times and spaces. The 

imbalanced microenvironment of the spinal cord impairs regeneration and functional recovery. It 

is our hope that the thorough understating of the temporal and spatial changes of molecular 

pathology after SCI will help to provide a powerful tool to predict, diagnose, treat, and 

prognosticate SCI in the future. 
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MTNR1B LOSS PROMOTES CHORDOMA RECURRENCE BY ABROGATING 

MELATONIN-MEDIATED BETA-CATENIN SIGNALING REPRESSION  

P. Su1, C. Lian2, L. Liu3.  

1 Department of Orthopaedic Surgery, First Affiliated Hospital, Sun Yat-sen University, China,  

2 Department of Orthopaedic Surgery, The First Affiliated Hospital of Chongqing Medical University, China, 

3 Chongqing Key Laboratory of Molecular Oncology and Epigenetics, The First Affiliated Hospital of Chongqing 

Medical University, China. 

 

Chordoma is an extremely rare malignant bone tumor with a high rate of relapse.  While cancer 

stem cells (CSCs) are closely associated with tumor recurrence, which depend on its capacity to 

self-renew and induce chemo/radio-resistance, whether and how CSCs participate in chordoma 

recurrence remains unclear. The current study found that tumor cells in recurrent chordoma 

displayed more dedifferentiated CSC-like properties, than those in corresponding primary tumor 

tissues. Meanwhile, MTNR1B deletion along with MTNR1B down-regulation were observed in 

recurrent chordoma. Further investigation revealed that activation of Gαi2 by MTNR1B upon 

melatonin stimulation could inhibit SRC kinase activity via recruiting CSK and SRC, increasing 

SRC Y530 phosphorylation, and decreasing SRC Y419 phosphorylation. This subsequently 

suppressed β-catenin signaling and stemness via decreasing β-catenin p-Y86/Y333/Y654. 

However, MTNR1B loss in chordoma mediated increased CSC properties, chemoresistance, and 

tumor progression by releasing melatonin’s repression of β-catenin signaling. Clinically, 

MTNR1B deletion was found to correlate with patients’ survival. Together, our study establishes 

a novel convergence between melatonin and β-catenin signaling pathways, and reveals the 

significance of this crosstalk in chordoma recurrence. Thus, we provide new insights into the 

regulation of chordoma recurrence. Besides, the findings that MTNR1B activation sensitized 

chordoma to chemotherapy and that tumors with MTNR1B loss could be suppressed by 

chemotherapy drugs with dasatinib or ICG-001 propose that MTNR1B is a potential bio-marker 

not only for prediction of chordoma prognosis and but also for selection of treatment options, 

and chordoma patients might benefit from targeting MTNR1B/Gαi2/SRC/β-catenin axis. 
 

Email: supq@mail.sysu.edu.cn 
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EMERGING TRENDS IN EPIGENETIC REGULATION OF STRESS RESPONSE AND 

HOMEOSTASIS MAINTENANCE IN BONE GRAFTING 

Jun Chen1, Manman Gao1, Hualin Yi1, Renxian wang2, Hao Hu1, Zemin Ling1, Yan Chen1, Sixiong Lin1, Zhiyu 

Zhou3, Dafu Chen2 and Xuenong Zou1* 

1. Guandong Provincial Key Laboratory of Orthopaedics and Traumatology/Department of Spine Surgery, The First 

Affiliated Hospital of Sun Yat-sen University, Guangzhou, China 

2. Laboratory of Bone Tissue Engineering, Beijing Research Institute of Traumatology and Orthopaedics, Beijing 

Jishuitan Hospital, Beijing, China 

3. Department of orthopaedics, The Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, China 

 

Diverse microenvironmental stimuli largely affect the functions of bone forming cells in the 

early stage of bone grafting, which are involved in very complex intracellular regulating 

networks in response to an initial ischemia and hypoxia. Co-ordination of cell survival, 

proliferation, differentiation, and apoptosis promotes the formation of new bone and maintains 

the homeostasis under normal or stress conditions. Importantly, emerging evidence suggests that 

epigenetic regulation is involved in the responses to cellular stresses, including hypoxemic stress, 

oxidative stress and endoplasmic reticulum stress, to maintain homeostasis at the cellular and 

tissue levels. Here we discuss several major mechanisms in epigenetic regulation for the cellular 

homeostasis maintenance in the grafting materials in response to cellular stress and, on a key 

regulator of epigenetic modification, have the potential to promote early molecular events to 

osteogenesis in the ischemia and hypoxia condition within biomaterial microenvironment. The 

purpose of this report is to summarize the recent findings and discuss how epigenetic 

modification responds to cellular stress and regulates early molecular events, tissue homeostasis 

as well as their potential multi-functionalization of controllable design for the next-generation of 

bone graft materials. 

 

*Email: zxnong@hotmail.com 
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TXNIP-MEDIATED MITOCHONDRIAL OXIDATIVE PHOSPHORYLATION 

ASSOCIATED WITH GIO AND THE PREVENTION EFFECTS OF TANSHINOL 

Yulin Mo1, Wenxiu Lai1, Zhuoqing Hu1, Minqun Du1, Yajun Yang1, Liao Cui1,2* 

1Department of Pharmacology, Guangdong Key Laboratory for Research and Development of Natural Drug, 

Guangdong Medical University, Zhanjiang City, Guangdong, PR China 

2Marine Biomedical Research Institution of Guangdong Medical University, Guangdong Medical University, 

Zhanjiang, Guangdong, PR China 

 

Objective: Increasing importance has been attached to the study of the mechanism and treated 

strategy of secondary osteoporosis associated with the cause of Glucocorticoids, diabetes, 

hyperthyroidism and cardiovascular diseases. Mitochondrial oxidative stress induced by reactive 

oxygen species (ROS), while thioredoxin interacting protein (TXNIP), as an important protein 

that is regulating ROS through mitochondrial oxidative phosphorylation (MOP) signaling 

pathway, is highly lined to the cell and tissue impaired. This study to evaluate the TXNIP-

mediated mitochondrial oxidative phosphorylation associated with GIO, and test the prevention 

effect of Tanshinol, an anti-oxidative small molecule from TCM.    

Methods: We established  TXNIP knockout mouse and SD rats treated with glucocorticoid (GIO 

model) and Tanshinol  respectively to evaluate the effects of glucocorticoids on bone 

biomechanics and morphology while the expression of TXNIP in serum was detected by ELISA 

and western blot was used to detected the expression of TXNIP in bone tissue. Simple western 

blot was used to detect the expression of MOP signaling pathway-related protein in bone tissue. 

The morphological changes of mitochondria in bone cells were observed by transmission 

electron microscopy. The iTRAQ method was used to detect the proteomics of TXNIP knockout 

mice in bone tissue and analyze the differential proteins between different groups, and then 

verified the expression of MOP signaling pathway-associated proteins by simple western blot 

method.  

Results: 1) Compared with wild-type mice (WT), TXNIP knockout mice (TX-KO) showed that 

the related proteins of Ndufs3、SDHD、 Cyt B、COX IV、ATPB in the MOP signaling 

pathway were down-regulated, and the results of simple western blot also indicated that the 

associated protein on the MOP signaling pathway is low expressed. Treated with glucocorticoids 

in TX-KO mice showed no significant differences in the expression levels of related proteins on 

the MOP signaling pathway compared to TX-KO mice. 2) Compared with the control group, the 

expression of serum TXNIP ans in bone tissue in GIO rats was significantly increased while the 

expression of MOP signaling pathway-related proteins （Ndufs3、SDHD、 Cyt B、COX IV、

ATPB）showed an upward trend. Transmission electron microscopy indicated the number of 

mitochondria in cortical bone cells significantly reduced accompanying with vacuoles and edema. 

Compared with GIO group, the  rats treated with Tanshinol could completely or partially resisted 

the changes induced by glucocorticoids.   

Conclusion: TXNIP is involved in the pathogenesis of GIO and leads to bone loss through the 

mitochondrial MOP signaling pathway. Tanshinol can prevent GIO partially through TXNIP 

pathway.  The TXNIP may be the potential target for treatment of  osteoporosis.  
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Finally, this speech also elaborated involves in the other supporting actions of Tanshinol on GIO 

in vivo and in vitro, and summary of the studies on other secondary osteoporosis associated with 

2 type diabetes and hyperthyroidism. 
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UNCOVERING A NEW CASE OF HUMAN MALIGNANT OSTEOPETROSIS AND ITS 

MECHANISTIC INSIGHTS 

Jiake Xu 

School of Biomedical Sciences, the University of Western Australia, Perth, Australia 

 

Disturbances in the molecular machinery that regulate endolysosomal trafficking lead to 

osteoclast dysfunction and osteopetrosis: a group of clinically and genetically heterogeneous 

skeletal diseases that share the feature of high bone mass. Human autosomal recessive 

osteopetrosis (ARO), also called malignant infantile, is a severe osteoclast-rich form ARO 

diagnosed at birth and often lethal within 10-years in untreated patients.  Among the genes 

implicated in ARO, mutations in sorting nexin 10 (SNX10) account for >4% of affected infants. 

SNX10 is a ‘Phox–homology (PX) domain containing only’ member of the sorting nexin (SNX) 

family that play essential roles in membrane trafficking via the endocytic pathway. We have 

identified a patient with a novel mutant, SNX10R51X, who developed severe osteopetrosis and 

bone marrow occlusion. Consistently, SNX10 knockout exhibited severe osteopetrosis and 

prevented bone loss in collagen-induced arthritic mice. We further demonstrated that SNX10 (-/-) 

osteoclasts showed impaired bone-resorption function accompanied by defective F-actin belt 

formation and integrin β3-Src signalling.  The expression of TRAP, CtsK and MMP9 in SNX10 

(-/-) osteoclasts was significantly inhibited, and partially restored by adenovirus –mediated 

SNX10 overexpression. Using bimolecular fluorescence complementation (BiFC) to screen for 

putative SNX10-interacting partners, we found that ATG5 and VPS29 interact with SNX10, and 

co-localizes with SNX10 on endolysosomes/autophagosomes. Depletion of SNX10 expression 

leads to impairments in autophagosome maturation and autophagic flux. We propose that SNX10 

regulates lysosomal and autolysosmal pathways for osteoclast bone resorptive function and bone 

homeostasis, and might serve as a therapeutic target for osteolysis. 
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NEW INSIGHT INTO OSTEOCYTE 

Minghao. Zheng 

Centre for Orthopaedic Research, Faculty of Health and Medical Sciences, The University of Western Australia, 

Nedlands, Western Australia, 6009, Australia 

 

Osteocytes are terminally differentiated long-lived cells and account for greater than 95% of the 

bone cell population. It has been established that osteocytes are connected through their highly 

developed dendritic network, which is necessary for the maintenance of optimal bone 

homeostasis. However little is known on how osteocytes use the network to coordinate their 

cellular function and communication that requires energy and protein turnover. Here we showed 

there are two types of osteocytes based on the ontogeny of ossifications. One is derived from 

intramembrane  ossification and the other is from chondrocytes during endochondral ossification. 

Interestingly, we find that osteocytes derived from endochondral ossification is responsible for 

aging related bone fragility while osteocytes from intramembrane ossification have maintained 

their metabolic status through aging. Finally, we have showed that osteocytes utilise 

mitochondrial transfer within the network to coordinate their cellular activities in response to 

different energy demands. 
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CILIARY SIGNALING OF PTH MAINTAINS INTERVERTEBRAL DISK 

HOMEOSTASIS 

Xu Cao 

Department of Orthopaedic Surgery, Center for Musculoskeletal Research, Johns Hopkins University, USA 

 

Dr. Xu Cao’s research focuses on the role of bone marrow mesenchymal stem cells in bone 

remodeling, osteoporosis and osteoarthritis. Particularly, the fundamental mechanisms of bone 

biology to gain a deeper understanding of major musculoskeletal disorders and develop potential 

therapies for these bone diseases. Spinal degeneration with low back pain is one of the most 

prevalent diseases leading to a decline in mobility and frailty. Enlarged sclerostic endplates 

occupied the IVD space leading to degeneration of spine. Pain is the defining symptom of spine 

and osteoarthritis, but its origin and mechanisms remain unclear. We show that osteoclasts 

secrete netrin-1 to induce sensory nerve axonal growth in subchondral bone. Recently, we 

showed that PGE2 mediates sensory nerve to control bone homeostasis and promote 

regeneration. 
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RETHINKING THE CELLULAR BUILDING BLOCKS OF BONE: IDENTIFICATION 

OF A PERIOSTEAL STEM CELL 

Matthew Blake Greenblatt 

Weill Cornell Medical College, New York, USA 

 

While stem cells giving rise to endosteal osteoblasts have been described, much less was known 

regarding the stem cell source of periosteal osteoblasts.  Here we identify a periosteal stem cell 

(PSC) marked by a CathepsinK genetic reporter and several additional cell surface markers 

present in the long bone periosteum and calvarium of mice and humans.  This cell displays 

formal stemness characteristics, including clonal multipotency, self-renewal and sitting at the 

apex of a differentiation hierarchy.  Whereas other skeletal stem cells form bone via the 

endochondral pathway, this stem cell is specialized for intamembranous bone formation, 

providing a cellular basis for these two fundamental pathways of bone formation.  Genetic 

blockade of the ability of PSCs to give rise to osteoblasts results in selective impairments in 

calvarial and periosteal mineralization and fracture healing.  Identification of PSCs provides 

direct evidence that bone contains multiple pools of stem cells, each with distinct anatomic 

distributions and functions. 
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SINGLE CELL TRANSCRIPTOME ANALYSIS OF IN VIVO BONE FORMATION 

Ling Qin 

University of Pennsylvania, Philadelphia, USA 

 

Bone marrow mesenchymal lineage cells are a heterogeneous cell population involved in bone 

homeostasis and diseases such as osteoporosis. While it is long postulated that they originate 

from mesenchymal stem cells (MSCs), the true identity of MSCs and their in vivo bifurcated 

differentiation routes into osteoblasts and adipocytes remain poorly understood. Here, by 

employing single cell transcriptome analysis, we identified MSCs and delineate their 

differentiation paths to their descendants in an ordered fashion. One such descendant is a unique 

type of mature adipocytes that have no lipid droplets but exist abundantly in young mice as bone 

marrow pericytes and stromal cells with numerous connections among themselves and other 

bone marrow cells. They possess critical functions in regulating marrow vessels, bone formation, 

and injury repair, we therefore name them as marrow environment regulating adipocytes 

(MERAs). 
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NOVEL SYNTHETIC APPROACHES TO INNOVATIVE BIOENGINEERING 

Hala Zreiqat 

University of Sydney,Centre for innovative BioEngnieering, Biomaterials and Tissue Engineering Unit, Sydney,  

Australia 

 

The repair and regeneration of large musculoskeletal defects has remained a major clinical 

challenge for orthopaedic surgeons. This presentation will describe 1) our strategies for 

developing a family of novel engineered patented biomaterials platform and/or biologics to 

develop cell-free therapeutics to promoting bone healing in load bearing challenging situations. 2) 

Our engineering solution to develop synthetic tendon and ligament prostheses that mimic the 

hierarchical structure of the native human tendon.  The presentation will also describe our 

approach in using biologics such as cell-secreted nanoparticles as a promising approach to 

replace direct stem cell transplantation for bone repair and regeneration. Our technologies open 

avenues for skeletal and soft tissue regeneration in various clinical applications. 
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MICROFABRICATED MATERIALS FOR ARTIFICIAL TISSUES 

Xingyu Jiang 

Southern University of Science and Technology, Shenzhen, China 

 

Microfluidics/nanotechnology may allow for synthesis, screening and discovery of new 

therapeutics/devices for the pathology of the bone. Some nanomaterials can be used in 

combination with ultrahigh molecular weight polyethylene to reduce the friction of artificial 

joints. Microfluidics allow the patterning of biological materials with a high level of precision, 

such that these constructs can be used to make artificial tissues and organs. For instance, blood 

vessels that are functional can be constructed. The same strategy can be also used to make 

intervertebral discs (IVD). We demonstrate by an animal model that the microfluidics-based 

rolling approach allows the fabrication of functional IVD. By combining microfluidics and 

nanocarriers, can also develop technologies that can be potentially useful for bone-related 

disease, e.g., nanocarriers for introducing siRNA, CRISPR/Cas, and so forth. 
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SYNTHETIC PRESENTATION OF NONCANONICAL WNT MOTIF PROMOTES 

MECHANOSENSING-DEPENDENT DIFFERENTIATION OF STEM CELLS AND 

REGENERATION 

Liming Bian 

Chinese University of Hong Kong, Hong Kong, China 

 

Noncanonical Wnt signaling in stem cells is essential to numerous developmental events. 

However, no prior studies have capitalized on the osteoinductive potential of noncanonical Wnt 

ligands to functionalize biomaterials in enhancing the osteogenesis and associated skeleton 

formation. Herein, we investigated the efficacy of the functionalization of biomaterials with a 

synthetic Wnt5a mimetic ligand (Foxy5 peptide) to promote the mechanosensing and 

osteogenesis of human mesenchymal stem cells by activating noncanonical Wnt signaling. Our 

findings showed that the immobilized Wnt5a mimetic ligand activated noncanonical Wnt 

signaling via the upregulation of Disheveled 2 and downstream RhoA/ROCK signaling, leading 

to enhanced intracellular calcium level, F-actin stability, actomyosin contractility, and cell 

adhesion structure development (Figure 1). Such enhanced mechanotransduction in stem cells 

promoted the in vitro osteogenic lineage commitment and the in vivo healing of rat calvarial 

defects. Our work provides valuable guidance for the developmentally inspired design of 

biomaterials for a wide array of therapeutic applications. 
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3D CHARACTRISTIC OF NEUROVASCULAR ALTERATION IN A RAT MODEL OF 

CHRONIC COMPRESSIVE THORACIC SPINAL CORD INJURY BY 

SYNCHROTRON RADIATION MICRO-CT 

Jianzhong Hu 

Xiangya Hospital of Central South University, Changsha,  China 

 

INTRODUCTION:  Thoracic spinal cord compression is commonly accompanied Spinal cord 

injury will lead neurological impairment without urgent surgical decompression. However, the 

extent of spinal cord compression and its relationship to ultrastructural changes of neurovascular 

alteration following traumatic thoracic spinal cord injury has not been investigated. Here, we aim 

to propose a novel tool to characterize the qualitative and quantitative neurovascular changes 

after thoracic compression for an in-depth understanding of the pathogenesis of spinal cord 

compression injury that will conducive to the develop effective clinical interventions.  

METHODS:  Rats were divided into three groups: sham control group, compressive group were 

scarified at one- (group B) and four-month (group B) (n = 8 for each group). In each group, 

synchrotron radiation micro-CT scanning was performed in the animals to visualize the 

neurovascular alteration after thoracic spinal cord compression at different time point surgery. 

The Basso beattie Bresnahan (BBB) score were used to evaluate neurological function.  The 3D 

morphological parameters including the vessel volume fraction, vessel thickness, segment 

density, bifurcation density and segment length, and vessel diameters distribution for 

microvasculature, and soma volume fraction and soma density and axon length for neuro 

network, especially the numbers, thickness and angle of the CSA were measured by synchrotron 

radiation micro-CT.  

RESULTS: Compare with the sham group, BBB score show a reduction significantly (p < 0.01) 

that can be seen in all case of the compression group, the morphological parameters of 

neurovasculature decreased significantly at the one month （p＜0.05） and became even worse 

at final follow-up (P＜0.01). The numbers, thickness and angle of the CSA also decrease 

significantly at one and two months post compression (p＜0.05).  

DISCUSSION: These data indicated that synchrotron radiation micro-CT may provide a new 

platform for 3D characterization of the morphological alteration of neurovascular network after 

thoracic Spinal Cord compression. The damage to neurovascular components especially the 

morphological change of the CSA occurred followed by spinal cord chronic compression could 

be postulated as possible mechanisms lead neurological impairment in thoracic spinal cord.  

SIGNIFICANCE/CLINICAL RELEVANCE: SRμCT could be a potential platform to 

monitor the 3D alteration of neurovascular network in rodents with ultrahigh resolution post 

chronic compressive thoracic spinal cord injury. 
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CHINA COMMUNITY-BASED COHORT OF OSTEOPOROSIS (CCCO): RATIONALE 

AND STUDY DESIGN 

Yongjun Wang  

Shanghai University of Traditional Chinese Medicine, Shanghai, China 

 

Osteoporotic fracture is one of the most common causes of disability and a major contributor to 

medical care costs in many regions of the world. The China Community-based Cohort of 

Osteoporosis (CCCO) study is an observational, longitudinal, multicenter and prospective cohort 

study for the middle-aged and elderly permanent residents, which is ongoing in 5 cities of China 

since 2016. The study is designed to improve the understanding of risk of osteoporosis and 

osteoporotic fracture in China. Postmenopausal female residents aged 45-80 years old and male 

residents aged 50-80 years old are identified through permanent resident lists. For all the enrolled 

participants, besides questionnaires on personal characteristics and histories, BMDs of lumbar 

vertebrae and left hip are measured, and serum concentrations of bone metabolism parameters 

are detected. DNA of blood cells is also preserved.  Among 16,097 enrolled participants, the 

prevalence of the diagnosed osteopenia was 43.3% (95%CI, 42.5%-44.0%), and 31.2% (95%CI, 

30.5%-31.9%) for osteoporosis. The crude prevalence of osteoporosis among Shanghai 

participants was significantly lower than that of other centers (27.5% [95%CI, 26.4%-28.6%] for 

Shanghai, 31.2% [95%CI, 29.5%-32.9%] for Guangdong, 32.3% [95%CI, 30.6%-34.0%] for 

Beijing, 34.7% [95%CI, 32.9%-36.5%] for Gansu, and 37.2% [95%CI, 34.8%-39.5%] for Jilin, P 

< 0.005) suggesting the regional differences of osteoporosis distribution in China. CCCO will 

provide contemporary information on osteoporosis and osteoporotic fracture risks in elderly 

residents over a 10-year period. The collection of data will provide the experience of prevention 

and treatment for osteoporosis. 
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TARGETING HMGB1 TO PREVENT TENDINOPATHY DEVELOPMENT 

James H-C. Wang 

MechanoBiology Laboratory, Departments of Orthopaedic Surgery, University of Pittsburgh School of Medicine, 

Pittsburgh, USA  

 

The current treatment modalities of tendon overuse injuries aimed at pain and inflammation 

control by COX-2 and PGE2 inhibition have serious undesired side effects, and limited long term 

success. The highly conserved nuclear protein high mobility group box1 (HMGB1) is recently 

identified as a potent inflammatory mediator. We report that HMGB1 translocates from to 

nucleus to extra cellular matrix when challenged with mechanical overload by cell stretching, 

and in vivo through mouse treadmill running. Furthermore, addition of HMGB1 induces cell 

migration, and inflammatory mediators, COX-2 and PGE2 in vitro. When implanted in vivo in 

mouse tendon tissues via alginate beads, high dose HMGB1 causes hypercellularity, 

angiogenesis, and inflammatory cell infiltration at two weeks after implantation. Furthermore, 

glycyrrhizin (GL), a specific inhibitor of, reverses the HMGB1-induced PGE2 release in vitro, 

and mechanical overload-induced PGE2 and MMP-3 in vivo. Collectively, our data suggest that 

HMGB1 is a potent inflammatory mediator in tendon pathology development under mechanical 

overload, and GL may have a possible therapeutic potential in the early inflammatory stage of 

tendinopathy. 

Email: wanghc@pitt.edu 

mailto:wanghc@pitt.edu


 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

35 
 

GENE THERAPY-BASED APPROACH FOR TENDON WOUND REPAIR AND 

REGENERATION 

HuiBin Sun 

Albert Einstein College of Medicine, New York, USA 

 

Tendinopathy is a common chronic tendon disorder representing a significant clinical problem 

that affects 30-50% of individuals over 60 years old. It is characterized by pain, swelling, loss of 

function, and impaired performance. There is currently no cure for tendinopathy. In this 

presentation, I will discuss our recent experimental evidence that aged MSCs transferred with 

CITED2 (Cbp/p300-interacting transactivator 2), a gene transcriptional regulator, may exert an 

enhanced therapeutic effect on mitigating tendinopathy pathology and relieving tendinopathy-

related pain. Stem cell therapies are being explored in clinical trials as a promising treatment for 

musculoskeletal diseases. However, their therapeutic efficacy may be limited due to the impaired 

function of stem cells in cases such as in aging and diseased conditions. Enhancing the impaired 

function of stem cells is a tremendous challenge for the field of regenerative medicine. As gene 

therapy has become safe and feasible in non-life-threatening diseases, it is possible to use a gene 

transfer-based stem cell reprogramming approach to renormalize the impaired function of MSCs 

for a better treatment outcome. Upon proof of- concept, this approach will allow the use of 

otherwise functionally-impaired stem cells (e.g. aged mesenchymal stem cells, MSCs) to 

promote the regeneration of tissues with an intrinsically low regenerative capacity such as tendon, 

or use the patient’s own stem cells for tissue repair and disease treatment in aged and diseased 

populations. 
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3D PRINTING OF BIOMIMETIC BIOMATERIALS 

Chengtie Wu 

Shanghai Institute of Ceramics, Chinese Academy of Sciences , Shanghai, China 

 

For therapy and regeneration of bone defects resulting from malignant bone disease, it is of great 

importance to develop multifunctional biomaterials for bone therapy and regeneration. 

Conventional biomaterials always lack multifunctional properties, limiting their application for 

treating and repairing bone disease (e.g. bone tumors)-initiated defects. How to design and 

prepare bioscaffolds with favorable microenvironments for disease therapy and tissue 

regeneration is one of interesting topics in the fields of biomaterials and tissue engineering. We 

developed several strategies, including harnessing nutrient elements, biomimetic structure and 

functional interface as well as thermo-therapy to construct multifunctional scaffolds by 3D-

Pringting method for therapy and regeneration of bone tissues. It is interesting to find that both 

nutrient elements and biomimetic structure of the printed bioscaffolds have important effect on 

the stimulation of osteogenesis and angiogenesis of stem cells, and thermotherapy plays an 

important role to treating bone tumors. Therefore, we put forward new concept that 3D-Printed 

bioscaffolds combined bone therapy and regeneration could be a new direction of bone tissue 

engineering. 
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PROGRESS AND OPPORTUNITIES FOR WOUND HEALING 

Guohui Liu  

Union Hospital of Huazhong University of Science and Technology, Wuhan, China 

 

Wound healing is a comprehensive physiological process, which involves four overlapping 

phases, including hemostasis phase, inflammatory phase, proliferative phase and remodeling 

phase. Chronic wound impairs the physical function of skin and lead to poor life quality for 

patients. Although previous studies have illustrated the wound healing mechanisms, the 

underlying pathophysiological processes remain unclear. In the present study, we will review the 

wound healing physiology and discuss current approaches for the treatment of wound.  
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THE AUTOPHAGY IN OSTEOIMMONOLOGY: SELF-EATING, MAINTENANCE 

AND BONE BIOMATERIALS DEVELOPMENT 
Lan Xiao, Yin Xiao * 

Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, Australia 

 

It has been long realized that the immune and skeletal systems are closely linked. This crosstalk, 

also known as osteoimmunology, is a primary process required for bone health. 

Osteoimmunology is achieved through many cellular and molecular processes, among which 

autophagy has recently been found to play an indispensable role. Autophagy is a highly 

conserved process in eukaryotic cells, by which the cytoplasm components such as dysfunctional 

organelles are degraded through lysosomes and then returned to the cytosol for reuse. Autophagy 

is a required process in immune cell activation/polarization and osteoclast differentiation, which 

protecting cells from oxidative stress. The essential of autophagy in osteogenesis is its 

involvement in osteoblast differentiation and mineralization, especially the role of 

autophagosome in extracellular calcium transportation. The modulatory feature of autophagy in 

both immune and skeleton systems suggests its crucial roles in osteoimmunology. The topic will 

cover the role of autophagy in the immune-skeleton interactions and the effects on bone 

physiology, as well as the future application in bone biomaterials development. 
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ANTIBACTERIAL METALS FOR ORTHOPEDIC APPLICATIONS 

Ke Yang 

Institute of Metal Research, Chinese Academy of Sciences, Shenyang, China 

 

Metal materials are widely used in orthopedics owing to their excellent combination of 

mechanical properties, good biocompatibilities and easy processabilities. However, infections 

associated with metal implants are still long-standing problems in clinic. In order to solve these 

problems or reduce the risk of infections, novel antibacterial metals have been developed in 

recent years through proper alloying additions of copper (Cu) in the currently used medical 

metals including stainless steels, titanium alloys and cobalt-based alloys. Many in vitro and in 

vivo studies have shown that these Cu-bearing metals possessed strong, broad-spectrum and 

long-lasting antibacterial activities without sacrificing the original properties, which have great 

application potentials in orthopedics. 
 

Email: kyang@imr.ac.cn 
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APATITE-FORMATION ABILITY – PREDICTOR OF “BIOACTIVITY”? 

Haobo Pan 

Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen, China 

 

The ability to trigger the formation of apatite from a supersaturated solution has been widely 

used to imply the bioactivity of an implant in vivo. However, the method itself may provide at 

best incomplete information, primarily because it is determined only by solution supersaturation, 

irrespective of biological processes. In particular, the previous study shown the the locus of the 

S[HAp] is substantially lower than is commonly reported, and of different slope, probably due to 

HAps incongruent dissolution. Bone regeneration is triggered mainly by the vitality of 

osteoblasts, and regulated by the expression of growth factors such as oestrogen, parathyroid 

hormone and bone morphogenetic proteins, while ions or other species released from an implant 

may affect the expression of such growth factors, and so bone resorption or formation. The 

misinterpretation of the outcome of such tests must result in misunderstanding of the true effects 

and behaviour of materials intended for use in embedded biological contexts. Thus, the 

underlying and motivating hypothesis needs to be carefully reconsidered, along with the results 

of all work founded on the concept. It would seem that it is only viable to test using osteoblasts, 

whether in vivo or in vitro. 

 
Email: hb.pan@siat.ac.cn 
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PSORIASIS AND BONE MINERAL DENSITY: A SYSTEMATIC MENDELIAN 

RANDOMIZATION STUDY 

Jiangwei Xia, Houfeng Zheng * 

Diseases & Population (DaP) Geninfo Lab, School of Life Sciences, Westlake University, Hangzhou, China 

 

Background: The link between psoriasis and bone mineral density remains uncertain. We aimed 

to determine whether psoriasis, psoriatic arthritis have causal effects on bone mineral density 

(BMD). 

Methods: Observational study was conducted in the UK Biobank (502,540) to examine the 

association of psoriasis, psoriatic arthritis with the eBMD. We also derived individual-level 

analyses using a weighted genetic risk score (wGRS) method to estimate the associations 

between psoriasis and eBMD. Mendelian randomization (MR) methods, including inverse 

variance weighted method (IVW), MR-Egger regression, Weighted median, two mode-based 

methods (simple and weighted) and MR-PRESSO (Pleiotropy RESidual Sum and Outlier), were 

used to evaluate the causal effects of an exposure (such as psoriasis) on an outcome (such as 

eBMD) using genetic variants as instruments. The genetic instruments (63 and 26 single 

nucleotide polymorphisms (SNPs) for psoriasis and psoriasis arthritis) were derived from large 

scale meta-analysis GWAS data (34,772). After exclusion of related and none European 

participants, we obtained 314,831 individuals in the UK Biobank with qualified genotyping data 

to perform a one sample MR and the bidirectional MR. 

Results: Although a weak association between eBMD and psoriatic arthritis in UK biobank were 

observed (β coefficient -0.018 [95% CI-0.029 to -0.006, p = 0.0028]), our MR analysis 

confirmed that neither psoriasis nor psoriatic arthritis had causal effect on eBMD across all MR 

methods (all p > 0.05), similar results were observed in the wGRS regression analysis, there was 

no significant association between the genetically determined eBMD with the psoriasis (psoriatic 

arthritis) in reverse-direction MR analysis. 

Conclusions: Our MR results support no evidence that both genetically-increased psoriasis and 

psoriasis arthritis risk have casual effects on eBMD. With the psoriasis or psoriasis arthritis 

diseases is unlikely to reduce the eBMD. 

 
Email: zhenghoufeng@westlake.edu.cn 
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MICRO BIOMECHANICAL ENVIRONMENT IN DEGENERATIVE 

INTERVERTEBRAL DISC 

Yanjun Che, Ting Liang and Zongping Luo 

Orthopaedic Institute, Soochow University, Suzhou, China 

 

Introduction: Treatments of intervertebral disc degeneration (IVDD) remain challenge. Tissue 

engineering has introduced new approaches and new biological materials for improving the 

treatments. Up to date, however, outcomes have been far from success with many unaddressed 

questions. One of the critical issues is the micro biomechanical environment surrounding cells in 

the intervertebral disc. The purpose of this study was to uncover such an environment in a 

degenerative rat model.  

Methods: 6-month-old male Sprague-Dawley rats were divided randomly into five groups: 

control (no intervention) and four intervention groups in which all had caudal vertebrae 

immobilized using a custom-made external device to fix four caudal vertebrae (Co7−Co10) but 

with variable subsequent compression of Co8 and Co9 for 2, 4, 6 or 8 weeks. Magnetic 

resonance imaging detection of rat coccygeal vertebrae was conducted at each time interval of 

the experiment, and the T2 signal intensity and disc space were evaluated. Animals were 

euthanized and the caudal vertebrae were harvested for further analysis. Micro structure of the 

endplate, elastic modulus of the intervertebral discs, histopathology and glycosaminoglycan 

(GAG) content were evaluated. 

Results: Significant changes were found in the micro biomechanical properties of the outer 

annulus fibrosus compared with the inner layer (p<0.05). The fibril diameters exhibited 

significant changes compared with the control group (p<0.05). The intervertebral height and T2 

signal intensity of Co8−Co9 vertebrae after 2-8 weeks of compression were significantly reduced 

compared with control (p<0.05). IVDD of Pfirrmann grade II was observed at the earlier stage of 

week 2. With an increase in Pfirrmann grade to III−V afterwards, the pore structure of the bony 

end plate changed significantly and the number of pores decreased gradually. The total GAG 

content of the nucleus pulposus decreased from an average of 640.33 mg GAG/ng DNA in 

Pfirrmann grade I to 271.33 mg GAG/ng DNA in Pfirrmann grade V (p<0.0001).  

Conclusions: We demonstrated significant changes in the micro biomechanical properties of the 

intervertebral disc after IVDD, suggesting environmental alterations at this level of cellular sense 

and response. These data may help improve our understanding of the pathogenesis and process 

of clinical disc degeneration and develop new tissue engineering methods for the treatment. 

Acknowledgement: This study was supported by the Natural Science Foundation of China (81320108018, 

31570943). 
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"OFF-TARGET" APPLICATION OF AN OTC DRUG IN INFLAMMATORY 

ARTHRITIS 

ChuanJu Liu 

New York University School of Medicine, New York, USA 

 

TNF-α signaling plays a central role in the pathogenesis of various autoimmune diseases, 

particularly inflammatory arthritis. In vitro and in vivo screening of a library composed of FDA 

approved drugs led to the identification of Fexofenadine, an over-the-counter (OTC) drug, as an 

inhibitor of TNF-α signaling. Fexofenadine potently inhibited TNF/NF-ĸB signaling in vitro and 

in vivo, and ameliorated disease symptoms in inflammatory arthritis models, including TNF-α 

transgenic mice and collagen-induced arthritis. Although Fexofenadine inhibits TNF-α signaling 

in vitro and in vivo, it does not affect the binding of TNF-α to its receptors and cell surface, 

clearly different from clinically used TNF-α inhibitors. Fexofenadine is known to be a highly 

selective antagonist to H1 receptor 1 (H1R1). Surprisingly, suppression of H1R1 does not affect 

Fexofenadine-mediated anti-TNF-α activity. In addition, additional 7 known H1R1 inhibitors do 

not have anti-TNF activity. These results indicate that Fexofenadine's anti-TNF activity is H1R1 

independent (i.e. off-target). Combined use of multiple approaches, including drug affinity 

responsive target stability assay, proteomics, cellular thermal shift assay, information field 

dynamics and molecular dynamics, led to the isolation and validation of cytosolic phospholipase 

A2 (cPLA2) as a novel target of Fexofenadine. Fexofenadine blocked TNF-stimulated cPLA2 

activity and arachidonic acid production through binding to catalytic domain 2 of cPLA2 and 

inhibition of its phosphorylation on Ser-505. Further, deletion of cPLA2 abolished 

Fexofenadine's anti-TNF activity. Collectively, these findings not only provide new insights into 

the understanding of Fexofenadine action and underlying mechanism, but also provide new 

therapeutic interventions for various TNF-α and cPLA2-associated pathologies and conditions, 

particularly inflammatory arthritis. 
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EPIGENETIC REGULATION OF FRACTURE REPAIR IN INFLAMMATION 

DISEASE 

J. Ying1,2, T. Xu1,2, C. Wang1, R. O’Keefe1, Y. Abu-Amer1, J. Shen1 

1Washington University, St. Louis, US;  2Institute of Orthopaedics and Traumatology, Hangzhou, China.  

Fracture nonunion is an exceedingly challenging clinical problem with limited and mainly 

invasive therapeutic approaches. It is more prevalent in patients experiencing chronic 

inflammatory conditions, including diabetes and rheumatoid arthritis (RA). Indeed, we have 

recently observed that serum transfer-induced RA mice (K/BxN) develop fracture nonunion at 

least partially due to elevated expression of inflammatory cytokines and heightened NF- B 

activation. Although tremendous effort has been made in exploring the mechanisms underlying 

inflammation impediment of fracture healing, a gap of knowledge remains regarding the 

downstream culprits of this pathology.  

Recent epigenome studies from fracture patients revealed differential methylation loci associated 

with stem cell proliferation and differentiation in human mesenchymal stem cells, suggesting 

that DNA methylation is involved in fracture repair processes. More importantly, we have 

identified that DNA methyltransferase 3b (Dnmt3b) is highly expressed in fracture callus during 

fracture repair and Dnmt3b is the only Dnmt responsive to cytokines in mesenchymal progenitor 

cells (MPCs). These observation suggest that Dnmt3b plays an essential role during fracture 

healing and in response to inflammation. Mechanistically, we provide evidence that 1) 

inflammation decreases Dnmt3b expression in MPCs in vivo and in vitro and leads to fracture 

nonunion; and 2) inflammatory signals, such as IL-1 , inhibit Dnmt3b in an NF- B-dependent 

manner. In line with these findings, Dnmt3b gain-of-function (GOF) in MPCs shows protective 

effect from inflammation in vitro evident by expression of Mmp13, Sox9, Sp7 and Runx2.  

In order to further examine the role of Dnmt3b in MPCs during fracture repair, we generated 

Prx1-Cre;Dnmt3bf/f (Dnmt3bPrx1) mice to delete Dnmt3b in MPCs.  Histological analyses 

showed impaired endochondral ossification and delayed fracture repair in Dnmt3bPrx1 mice with 

reduced mechanical strength of the newly formed bone. Consistently, in vitro studies showed 

that Dnmt3b loss-of-function (LOF) resulted in reduced chondrogenic and osteogenic 

differentiation, respectively. Using gene expression screen, we identified Rbpj  as a 

downstream target of Dnmt3b in MPCs. Most notably, we show that the MPC differentiation 

defect observed in Dnmt3b LOF cells is due to upregulation of Rbpj  Mechanistically, we 

revealed that 1) the gene and protein levels of Rbpj  were up-regulated by loss of Dnmt3b in 

MPCs; 2) Dnmt3b physically binds to the CpG island in Rbpj  promoter; and 3) Dnmt3b 

deletion resulted in DNA methylation reduction in CpG island in Rbpj  promoter (19.25% 

decrease), therefore leading to Rbpj  up-regulation in MPCs. Importantly, Rbpj  inhibition 

restored the MPC differentiation defect observed in Dnmt3b LOF cells. Consistent with the in 

vitro findings, Rbpj  inhibition by DAPT reversed the impaired chondrogenesis and 

osteogenesis observed in MPCs with Dnmt3b gene deletion and restored normal fracture healing 

in mice.   

Collectively, this work enhances our understanding of mechanisms by which inflammation 

impedes the fracture healing process through downregulation of Dnmt3b and identifies 

downstream targets of Dnmt3b (such as Rbpj ) as novel candidates for therapeutic intervention. 
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CONNEXIN CHANNELS IN MECHANOTRANSDUCTION AND CANCER BONE 

METASTASIS 

Jean X. Jiang 

Department of Biochemistry and Structural Biology, University of Texas Health Science Center, San Antonio, USA 

Osteocytes are well-known mechanical sensory cells in bone tissue. Mechanosensitive osteocytes 

form hemichannels through transmembrane proteins such as the connexin 43 (Cx43). Integrins 

are also known mechanical sensors in many cell types, including osteocytes. This paper will 

discuss our current research regarding the activation of hemichannels in osteocytes and 

regulation of Cx43-hemichannel function by mechanical stimulation and α5 integrin. We showed 

that, upon mechanical activation, Cx43-hemichannels release anabolic factors that promote bone 

formation. Establishing the role(s) that α5 integrin plays in the regulation of hemichannel 

activities reveals a major mechanism for osteocyte signaling in response to mechanical stress. 

Moreover, we discovered that activation of Cx43 hemichannels by either mechanical stimulation 

or chemical reagents in osteocytes suppresses breast cancer migration, growth, and metastasis 

and ATP released by hemichannels was involved in this process.  The skeleton is the most 

preferred site for breast cancer metastasis and bone metastasis occurs in 70-80% of patients with 

advanced breast cancer. Therefore, Cx43 hemichannels have a potential to be developed as a 

potential drug target in the treatment of bone diseases and cancer bone metastasis. 
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IN VIVO EFFECTS OF TREADMILL RUNNING AND UNILATERAL TIBIAL 

LOADING ON BREAST CANCER GROWTH IN BONE  

Liyun Wang 

University of Delaware, Newark, USA 

 

Physical activity is widely promoted for the well-being of general population and cancer patients 

as well. Its anti-cancer benefits are clearly shown in several large clinical studies involving 

breast cancer patients and survivors. Furthermore, in vivo tibial loading of immunocompromised 

mice did delay the destruction of bone through inhibiting the growth of human breast cancer 

cells. In this talk, I will share our recent studies investigating two different modes of exercise 

(treadmill running-low intensity and tibial loading-high intensity) using immunocompetent mice 

and murine breast cancer line. Our results showed a surprisingly adverse effect of tibial loading, 

while confirmed the anti-cancer effects of treadmill running. These findings suggest that the 

effects of physical activities on cancer bone metastasis may be dependent on the host’s immune 

system and the intensity of exercise.   
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OSTEOCYTIC SMAD SIGNALING CONTROLS BONE FORMATION 

Xiaolin Tu 

Chongqing Medical University, Chongqing, China 

 

Fracture healing possesses variety of biological reactions involved in the repair process including 

inflammation, callus formation, intramembranous and endochondral ossification, and remodeling. Among 

patients suffering from different types of fractures, 5-10% patients suffers from delayed healing or 

nonunion, which are as high as 8% and 17% in patients with open long bone fractures. Nonunion is a 

common complication of postoperative fractures, affecting patients more than type I diabetes, stroke and 

AIDS. The physiological factors responsible for the delayed healing or nonunion involves delayed 

periosteal responses, persistent deficiency in callus formation or stopping intramembranous and 

endochondral ossification. Currently, there is no approved drug for the treatment of nonunion and delayed 

healing, which turns into huge mental and financial burden on patients. 

With a seminal discovery that the osteocytic Wnt mediates anabolic actions in bone, we 

hypothesized that this microenvironment plays beneficial roles in bone fracture healing. A 

classic fracture healing model was established in osteocytic Wnt mice (daβcatOt) and its control 

cohorts. X-ray and histological analysis showed that the control mice healed at 4 weeks after 

fractures with typical series of four stages that include hematoma, callus, new bone formation 

and remodeling as expected; however, the daβcatOt mice amazingly healed at 2 weeks 

respectively with relatively much smaller hematoma and callus size. In order to explore the 

underpinning mechanisms, mice were treated with zoledronic acid (ZA) to inhibit bone 

resorption resulting in increased femoral and vertebral bone mineral density. Our results revealed 

that control mice were unable to heal at 4 and 8 weeks after fractures; while daβcatOt mice still 

shows greater healing at 2 weeks. ABH/OG staining showed that control mice displayed a large 

number of chondrocytes in the hematoma, similar in shape to those at growth plate, subsequently 

with lower number of chondrocytes in the callus at 2 weeks, and the chondrocytes disappeared at 

3 weeks with mesenchymal fibrous tissue as repaired instead, indicating a regular endochondral 

ossification responsible for fracture healing. Moreover, the inhibition of bone resorption blocked 

the healing in control mice without a decrease in chondrocyte number at 2 weeks. In contrast, 

daβcatOt mice exhibited accelerated fracture healing with a large number of mesenchymal fibrous 

tissues at 2 weeks regardless of ZA treatment. In daβcatOt mice chondrocytes were shown at 1 

week, but those were disappeared at 2 weeks with ZA treatment similarly as in non-ZA treatment. 

This study concludes that targeting ostecytic wnt may cure fracture more speedily and effectively, 

specifically for nonunion. 
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VIBRATION-INDUCED HAMSTRINGS FATIGUE FOR ANTERIOR CRUCIATE 

LIGAMENT (ACL) REHABILITATION 

X. Neil Dong 

University of Texas at Tyler, Tyler, USA 

Anterior cruciate ligament (ACL) injuries are among the most common lower extremity athletic 

injuries, with more than 250,000 ACL injuries reported in the U.S. yearly. Long-term effects 

from ACL injuries include arthrogenic muscle inhibition (AMI) in which patients are not able to 

voluntarily activate all motor units in the quadriceps, as measured by central activation ratios 

(CAR). We have proposed an innovative rehabilitation strategy to reduce muscle inhibition in 

the quadriceps using vibration-induced hamstrings fatigue to decrease the over-excitation of 

hamstrings, which consequently disinhibits the quadriceps. We hypothesize that during this 

period of quadriceps disinhibition patients are able to regain quadriceps strength by performing 

leg extensions with inflated blood pressure cuff at the thigh. A total of 16 participants were 

recruited: eight with unilateral ACLr, and eight healthy controls with no previous history of knee 

injury. We found that the ACLr group showed significantly less quadriceps CAR and 

significantly higher co-activation of the hamstrings at the baseline, compared with the control 

group. The fatigue protocol significantly increased quadriceps CAR and significantly decreased 

hamstrings co-activation in the ACLr group, but not the control group. Moderate increases in the 

quadriceps strength were observed in both ACLr and control groups, however, these changes 

were not statistically significant. The results of this research are expected to lead to improved 

clinical care for ACLr patients because it holds promise for restoring normal joint mechanics and 

slowing down the onset of post-traumatic knee osteoarthritis.   
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RNA M6A MODIFICATION AND BONE MARROW STEM CELL FATE 

Quan Yuan  

State Key Laboratory of Oral Diseases, West China Hospital of Stomatology, Sichuan University, Chengdu, China 

 

Aged-related osteoporosis is featured with low bone mass and excessive accumulation of 

adipocytes. However, explicit mechanisms under which the lineage allocation of bone marrow 

mesenchymal stem cells (MSCs) favors adipogenic to osteogenic lineage remain unclear. Being 

the most abundant internal mRNA epigenetic modification, N6-methyladenosine (m6A) exerts 

great influence in modulating multiple RNA processing events. Recent studies uncovered that 

m6A modification maintains the proper lineage commitment of functional stem cells and 

participates in mammalian development and disease control.  

To study the potential role of m6A methylation and its methyltransferase Mettl3 in MSCs 

lineage allocation and bone diseases, we first performed immunostaining which showed that 

Mettl3 is prevalently expressed in murine bone cells and bone marrow. Next, we generated Prx1-

Cre driven Mettl3 conditional knockout mice and discovered that decreased m6A level upon loss 

of Mettl3 in MSCs led to low bone mass and high marrow adiposity in mice, much resembling 

the pathological features of osteoporosis. In consistent with in vivo phenotypes, cell culturing of 

primary Mettl3fl/fl and Prx1-Cre;Mettl3fl/fl MSCs revealed that m6A reduction impaired the 

osteogenic while promoting the adipogenic differentiation potential of mutant MSCs. More 

interestingly, mice with conditional Mettl3 over-expression in MSCs exhibited less bone loss 

after ovariectomy, which highlights the therapeutic potential of Mettl3 in preventing estrogen 

deficiency-induced osteoporosis.  

Mechanistically, our MeRIP-seq and RNA-seq demonstrated that Mettl3-mediated m6A 

regulates PTH (parathyroid hormone)/Pth1r (parathyroid hormone receptor-1) signaling axis, one 

of the most essential pathway in bone homeostasis. Knockout of Mettl3 reduced the translation 

efficiency of MSCs lineage allocator Pth1r, thus further blocking the downstream pathways, 

such as cyclic AMP-dependent protein kinase A (PKA) and extracellular signal-regulated 

kinases (ERK), responsible for the anabolic effect of PTH. In addition, Mettl3 conditional 

knockout mice displayed an obviously inert response to intermittent PTH injection. They failed 

to undergo an effective increase in bone remodeling and also hardly alleviated the excessive 

accumulation of marrow fat after PTH treatment. Our results demonstrate the pathological 

outcomes of m6A mis-regulation in MSCs and unveil novel epitranscriptomic mechanism in 

skeletal health and diseases.  
 
Email address: yuanquan@scu.edu.cn 
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MECHANICAL LOADING PROMOTES VESSEL REMODELING AND BONE 

REMODELING THROUGH REGULATING EXOSOMAL MICRORNA 

X.L. Li1,2, D.Q. Liu1,2, J. Li1, W.W. Zheng1, X.T. Wang1, and P. Zhang1,2* 

1Department of Anatomy and Histology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin, 

China, 2Key Laboratory of Hormones and Development (Ministry of Health), Tianjin Key Laboratory of Metabolic 

Diseases, Tianjin Medical University, Tianjin, China 

 

Osteoporosis is a common and serious disease characterized by reduced bone mass. Bone repair 

and remodeling involves complex interactions between angiogenic and osteogenic responses. 

Our previous work showed that a pulsating joint loading modality effectively promoted bone 

formation and accelerated bone wound healing. While angiogenesis is essential for repairing of 

bone disorders, mechanical loading is reported not only to stimulate bone formation, but also to 

promote vessel remodeling in osteonecrosis of the femoral head. It is reported that exosomal 

miRNAs play the critical role in the healing process of bone fracture and necrosis, however, the 

mechanism by which exosomal miRNAs participate in the mechanical response or the regulation 

of mechanical sensitization is still unclear. Using ovariectomized (OVX) mice as a model of 

osteoporosis, we test the hypothesis that mechanical loading promotes vessel remodeling and 

bone remodeling through  exosomal miRNAs. 

Ninety-three mice were divided into three groups: the sham control, OVX, and knee loading-

treated OVX groups. Two weeks after ovariectomy, knee loading was applied with 1 N loads at 

5 Hz for 6 min/day for 2 weeks. Conditioned media derived from bone marrow mesenchymal 

stem cells were used to isolated exosomes, and microRNA screening and sequencing analysis 

was conducted. Ink perfusion was performed to evaluate bone angiogenesis, and bone marrow-

derived cells were isolated to examine differentiation of endothelial progenitor cells (EPCs). The 

agomir and antagomir of miR-214-3p were transfected in vitro to test its role in angiogenesis of 

OVX mice. Furthermore, cells and femora were harvested for Western Blotting, bone mineral 

density (BMD) and bone mineral content (BMC) were measured. 

MicroRNA screening and sequencing revealed that miR-214-3p was increased in the conditioned 

medium of the OVX group, and it was significantly decreased by knee loading. While knee 

loading enhanced a microvascular volume, migration and tube formation of EPCs, and 

expression of VEGF, supplementing miR-214-3p inhibited tube formation and migration of 

HUVECs, as well as VEGF expression. Conversely, inactivation of miR-214-3p reversed those 

responses. Knee loading significantly enhanced bone BMD/BMC, and a microvascular volume. 

The loaded OVX mice also exhibited a significant increase in bone mass (B.Ar/T.Ar). 

Collectively, this study demonstrates that miR-214-3p may have a regulatory role in mechanical 

loading for OVX treatment, and knee loading promotes angiogenesis and bone remodeling by 

downregulating miR-214-3p. The result support the possibility of employing mechanical loading 

for inhibiting miR-214-3p and providing a potential therapeutic target for postmenopausal 

osteoporosis. 
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POTENTIAL OF PROGRANULIN FOR PREVENTION AND TREATMENT OF 

POSTMENOPAUSAL OSTEOPOROSIS 

G.F. Li1, Y.J. Xu2, C.J. Liu3. 

1The Second Affiliated Hospital of Soochow University, China, 2The Second Affiliated Hospital of Soochow 
University, China, 3New York University, USA. 

 

Introduction: Progranulin has been reported to be associated with inflammatory arthritis and 

osteoarthritis. However, whether progranulin is related to osteoporosis is still unknown.  

Methods: At the clinical level, we collected the serum and BMD data of postmenopausal women for 

health check-up to test whether serum progranulin level is associated with BMD. In addition, we collected 

the bone specimens and BMD data of elder women with femoral neck fracture for THA surgery, bone 

progranulin level were quantified by mass spectrometry of bone specimens. At the animal level, OVX 

mouse model of postmenopausal osteoporosis were treated with progranulin twice a week 

intraperitoneally to see whether progranulin is able to treat and prevent postmenopausal osteoporosis. At 

the cellular level, we explored the mechanism of progranulin's effect on bone metabolism.  

Results: At the clinical level, in postmenopausal women for health check-up, serum progranulin level is 

not associated with BMD; in elder women with femoral neck fracture for THA surgery, bone progranulin 

level is positively associated with bone mineral density. At the animal level, progranulin treatment is able 

to prevent bone loss after ovariectomy. At the cellular level, we found that progranulin could stimulate 

estrogen receptor a expression, and knockout of progranulin would lead to decreased expression of 

estrogen receptor a.  

Conclusion: progranulin has the potential for prevention and treatment of postmenopausal osteoporosis 

via estrogen receptor a. 
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GENISTEIN SUPPRESSES TYPE 2 DIABETIC OSTEOPOROSIS IN DB/DB MICE 

Pan Wang1, Si Mei3, Hua Ye2, Yingnian Lu1, Kefeng Wu2, Liao Cui1,2 

1 Marine Biomedical Research Institution of Guangdong Medical University, Guangdong Medical University, 

Zhanjiang, Guangdong, PR China 
2 Guangdong Key Laboratory for Research and Development of Natural Drugs, Guangdong Medical University, 

Zhanjiang, 524023, PR China 
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This study was aimed to verify the protective effect of genistein on osteoporosis induced by type 2 

mellitus (T2DM) in db/db mice. Twenty four male mice of 6 weeks old were divided into 3 groups, 10 in 

each group: normal control group (m / m) (n = 8), type 2 mellitus group T2DM (db / db) (n = 8), and type 

2 diabetes mellitus group with genistein(gen) (n = 8). During the experiment, blood glucose and 

glycosylated hemoglobin (HbAlc) were continuously monitored. After 20 weeks, we performed micro-

computed tomography (CT) analysis and x-ray imaging to analyze the bone microstructure of the right 

femur, three-point bending test was used to detect the biomechanics of the left femur bone, and the 

expression of bone-related protein was analyzed by Western blotting. The results showed that gen can 

improve blood glucose and HbAlc values in db/db mice . Furthermore, the values of femoral bone 

mineral density (BMD), trabecular bone number (Tb.N), bone volume (BV), trabecular thickness value 

(Tb.Th) in the gen group were significantly larger than those in the db/db group, the trabecular bone 

separation (Tb.Sp) value was significantly smaller than the db/db group. The biomechanical parameters 

including maximum load, fracture load, elastic load and stiffness coefficient in gen group were distinctly 

better than those in db/db group. Compared with the db/db group, the expression of bone turnover 

biomarkers osteocalcin (OCN), type 1 collagen (COL1A1), and type II collagen (COL2A1) were 

significantly increased in gen group. There were significant differences in all groups (P<0.05). In 

conclude, genistein can improve T2DM-induced osteoporosis by increasing bone quality and decreasing 

blood glucose in db/db mice. 
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CIRCULATING MIR-338 CLUSTER ACTIVITIES ON OSTEOBLAST 

DIFFERENTIATION: POTENTIAL DIAGNOSTIC AND THERAPEUTIC TARGETS 

FOR POSTMENOPAUSAL OSTEOPOROSIS 

Huan Liu1,2, Chujiao Lin1, Runze Jin1, Zhi Chen1.  

1State Key Laboratory Breeding Base of Basic Science of Stomatology (Hubei-MOST) and Key Laboratory for Oral 

Biomedicine of Ministry of Education (KLOBM), School and Hospital of Stomatology, Wuhan University, Wuhan 

430079, China.,  
2Department of Periodontology, School and Hospital of Stomatology, Wuhan University, Wuhan 430079, China 

 

Introduction: MicroRNAs (miRNAs) are the most abundant RNA species found in serum, and recently, 

several miRNAs have been found to be associated with osteoporosis. However, the development of such 

associated miRNAs into diagnostic and therapeutic targets remains unaddressed, mostly because of a lack 

of functional validation. Here, we identified circulating miR-338 associated with postmenopausal 

osteoporosis, and performed functional validation in vivo and in vitro. 

Methods: We collected the serum from postmenopausal osteoporosis patients (N=15) and female 

volunteers of the same age but with normal bone density (N=15) and examined the enrichment of miR-

338 cluster. We also confirmed such enrichment using mice subjected to ovariectomy at different stages. 

We employed primary bone marrow stromal cells from mice and the pre-osteoblast cell line along with 

CRISPR, RNA-seq and ChIP-qPCR to validate the biological function of secreted miR-338 cluster on 

osteoblastic differentiation and their upstream regulators. In addition, we generated miR-338 knockout 

mice and OVX mice injected with an inhibitor against miR-338 to confirm its biological function in vivo.  

Results: We observed a significant enrichment of miR-338 cluster in postmenopausal osteoporosis 

patients. Such enrichment was also prominent in serum from mice subjected to ovariectomy and was 

detected much earlier than bone density defect revealed by micro-CT. We also confirmed the presence of 

an estrogen-dependent Runx2/Sox4/miR-338 positive feedback loop that modulated osteoblast 

differentiation, providing a possible explanation for our clinical findings. Moreover, deletion of the miR-

338 cluster or direct intravenous injection of an miR-338 cluster inhibitor significantly prevented 

osteoporosis after ovariectomy.  

Conclusion: Circulating miR-338 cluster in the serum could serve as a promising diagnostic and 

therapeutic target for postmenopausal osteoporosis patients. 

Conflict of interest statement: Huan Liu, Chujiao Lin, and Zhi Chen have submitted a patent for using 

the inhibitors of miR-338 and miR-3065 treating osteoporosis. Patent number: 201710708188.9 (China), 

Application number: PTC/CN2017 (China) /100135 (United States) 
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UNEXPECTED BONE FORMATION BY DENOSUMAB: RANKLING SIGNALING 

VERSUS RANKL REVERSE SIGNALING 

Chen Xiao, Zhi Xin, Cao Liehu, Cui Jin, Hu Yan, Su Jiacan*. 

Department of Orthopaedic Surgery, Shanghai Changhai Hospital 
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signaling 

Denosumab (Dmab) is a monoclonal antibody that works as receptor activator for nuclear factor κB 

ligand (RANKL) blocker to suppress the bone-resorbing osteoclasts. Different from classic anti-

resorptive agents, Dmab shows a sustained increase in bone mass with no plateau and improved bone 

porosity through controversial mechanisms. It is speculated that RANKL reverse signaling in osteoblasts 

is responsible for the anabolic effect. Recent studies have illuminated the role of RANKL reverse 

signaling in osteoblasts in coupling bone resorption and formation during bone remodeling. RANKL 

signaling in bone marrow stromal cells (BMSCs) negatively regulate osteoblastic bone formation in bone 

modeling. Herein, we proposed that the rankling signaling in bone modeling rather than rankling reverse 

signaling in bone remodeling should be held accountable for the unexpected anabolic bone formation 

effects of Dmab. 
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MICRORNA-378 REPRESSED OSTEOGENESIS OF BONE MARROW-DERRIVED 

MESSENCHYMAL STEM CELLS AND IMPAIRED BONE REGENERATION 

Lu, FENG1, Zhengmeng, YANG1, Liu, SHI1, Jinfang, ZHANG1, Gang LI1 

1Department of Orthopaedics & Traumatology, Li Ka Shing Institute of Health Sciences and Lui Che Woo Institute 

of Innovative Medicine, Faculty of Medicine, The Chinese University of Hong Kong, Prince of Wales Hospital, 

Shatin, Hong Kong SAR, PR China. 

 

MicroRNAs (miRNAs) have been reported to be a gene silencer by repressing gene expression at post-

transcriptional level. Multiple miRNAs were studied to be involved in the regulation of osteogenesis. As a 

conserved miRNA, miR-378 was reported to mediate osteogenesis differentiation in vitro, but the detailed 

function and in vivo effect of miR-378 remain unclear. The aim of our study is to identify the underlying 

mechanisms of miR-378 in regulating MSC osteogenesis as well as bone development and regeneration. 

Also, we tend to demystify whether miR-378 was a therapeutic target for bone formation and whether the 

application of shmiR-378 mediated MSCs could accelerate bone fracture healing. 

In this study, we used the miR-378 transgenic (TG) mouse as the study model, and compared the bone 

development condition and quality between wild type (WT) and miR-378 TG mice. We also studied the 

osteogenesis activity of bone marrow-derived mesenchymal stem cells (MSCs) derived from two types of 

mice, and investigated the underlying mechanisms of how miR-378 regulates osteogenic differentiation of 

BMSCs. We performed RNA-Seq analysis of MSCs derived from the miR-378 TG and WT mice and the 

identified the potential candidate genes for further functional characterization studies. The miR-378 

regulated cell signaling pathway involved in MSCs osteogenesis were also identified for further 

regulation mechanism study. Finally we tested the therapeutic effect of miR-378 antagonists (sh-miR-378) 

on fracture repair. sh-miR-378 mediated BMSCs were developed and applied in mouse femur open 

fracture model for therapeutic effect examination of sh-miR-378. 

In this study, the miR-378 TG mouse was developed to study the role which miR-378 plays in MSCs 

osteogenic differentiation and bone repair and regeneration. We have characterized the abnormal bone 

tissues development and bone quality impairment in the miR-378 TG mice. The bone fracture healing 

delay and imperfect mechanical properties of fractured bones were also observed in miR-378 TG mice. 

The osteogenesis of MSCs derived from miR-378 TG mice was inhibited as well. We have identified two 

Wnt family members Wnt6 and Wnt10a downstream gene targets of miR-378. The expression of these 

two genes was decreased by miR-378, which eventually induced the inactivation of Wnt/beta-catenin 

signaling. Finally, we have locally injected the sh-miR-378 mediated MSCs into the fracture sites in an 

established mouse femur open fracture model. The results indicated that miR-378 inhibitor therapy could 

promote bone formation and stimulate bone fracture healing process in vivo.  



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

57 
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Introduction: Osteoarthritis (OA) is a progressive degenerative joint disease with limited conservative 

therapy to attenuate its progression. At the late stage of OA, joint replacement surgery is usually the only 

treatment for symptom relief and functional improvement. Previous study and our research work 

indicated that intra-articular injection of magnesium ion (Mg2+) showed great potential on attenuating the 

progression of OA1. Mg2+ played critical roles in not only promoting cartilage formation but also 

suppressing inflammatory response that contributed to alleviate the progression of OA2, 3. As reported that 

the oxidative stress could induce extracellular matrix degradation, chondrocytes senescence and amplify 

the inflammatory response in OA4 - 6. Vitamin C (VitC) is known as an antioxidant can alleviate the 

oxidative stress, also participates in a number of biosynthetic pathways including the synthesis of 

extracellular matrix7. VitC may be a candidate to alleviate the progression of OA together with Mg2+. 

Based on above evidence, we hypothesized that intra-articular injection of Mg2+ plus VitC could 

significantly prevent structural degeneration. 

Materials and Methods: 3-month-old male C57BL mice were used to establish anterior cruciate 

ligament transection and partial medial meniscectomy (ACLT+PMM) models after obtaining Animal 

Experimental Ethics Approval. Mice received ACLT+PMM surgeries were randomly divided into saline 

(control) group (n=6/group/time point), Mg2+ (0.5 mol/L MgCl2) group (n=6/group/time point), VitC (3 

mg/ml VitC) group (n=6/group/time point) and Mg2+ + VitC (0.5 mol/L MgCl2 + 3 mg/ml VitC) group 

(n=6/group/time point). Intra-articular injection was conducted on week 2 post-operation, twice per week 

for two weeks. Gait parameters were measured using the gait analysis system (Catwalk) to evaluate pain 

related behavior in multiple time points after the treatments. Knee samples were harvested at 6 and 12 

weeks after treatment. The structural changes of subchondral bone were evaluated by micro-CT. Paraffin 

sections were prepared and used for Safranin O and H&E staining, immunohistochemistry to detect the 

expression level of Col-2, Col-10, MMP-13, IL-1ß as well as inducible nitric oxide synthases (iNOS) and 

substance P (SP). OARSI scoring was used to quantitatively evaluate the pathological changes of OA. 

Apart from description, the quantitative data will be analyzed by one-way (four groups with one time 

points) analysis of variance (ANOVA) if with normal distribution (Kolmogorov-Smirov test) and equal 

variance (F-test). 

Results: From 3 to 84 days, pain was significantly alleviated by combined injection of Mg2+ + VitC 

indicated by several gait parameters including DutyCycle, PrintArea, SingleStance, Stand, Swing and 

SwingPhase compared with the other groups. In histological analysis, progressive loss of cartilage matrix 

was observed at week 6 and 12 in control group, injection of VitC alone could partially attenuated the 

cartilage degeneration, however, the cartilage degeneration was profoundly attenuated in both Mg2+ and 

Mg2+ + VitC groups. Significant subchondral bone formation characterized by increased thickness of 

trabecular bone were observed in control group. In contrast, the subchondral bone density was alleviated 

in Mg2+, VitC and Mg2+ + VitC groups. The micro-CT results showed that combined injection of Mg2+ + 

VitC significantly reduced the ratio of BV/TV and Tb-Th, whereas these parameters could be only 

slightly reduced by injection of either Mg2+ or VitC alone. Similarly, compared with control group, 

combined injection of Mg2+ + VitC significantly reduces the expression of several osteoarthritic markers 

that promoted the expression of Col-2. In addition, the combined treatment group also decreased the 
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expression of Col-10, MMP-13, IL-1ß, iNOS) and SP in cartilage, as well as the expression MMP-13, IL-

1ß, iNOS) and SP in synovium.  

Discussion: In the current study, we have provided direct evidence supporting that combined local 

administration of Mg2+ + VitC significantly attenuated the progression of OA. We found that Mg2+ and 

VitC not only prevents the cartilage from degeneration and suppress the inflammation in both cartilage 

and synovium, but also reduces the pain and subchondral bone formation. The anti- osteoarthritic effect of 

intra-articular injection of Mg2+ + VitC may involve multiple actions referring to promote the synthesis 

of cartilage matrix, anti-inflammation, antioxidative activities provided by either Mg2+ or VitC. However, 

if the reduced subchondral bone formation is secondary to the attenuated cartilage degeneration or 

directly modulated by the injected Mg2+ + VitC still need further investigation. This simple, widely 

available and inexpensive administration of Mg2+ + VitC product has the potential for further clinical 

translation to reduce the massive health economic burdens of OA. As we noted that current treatment 

required repeat injections, sustained and controlled release Mg2+ + VitC delivery systems (encapsulated 

with hydrogel-like biomaterials) will be developed to improve the long-term efficacy. 
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Objectives: Osteoarthritis (OA) is the most common degenerative joint disease in aged population and its 

development is significantly influenced by aberrant epigenetic modifications of numerous OA susceptible 

genes; however, the precise mechanisms that DNA methylation alterations affect OA pathogenesis remain 

poorly understood. This study investigates the critical role of epigenetic PPAR  (Peroxisome proliferator–

activated receptor-gamma)  suppression in the development of OA  

Methods: Articular cartilage expression of PPARγ, the promoter DNA methylation status and the levels 

of bioactive DNA methyltransferases in OA joints incurred by DMM (destabilization of medial meniscus) 

were examined. The efficacy of OA protection by a demethylating agent 5-Aza-2'-deoxycytidine (5Aza) 

was assessed in wild type and PPARγ knockout mice.   

Results: Articular cartilages from both OA patients and OA mice induced by DMM display suppressed 

PPAR expression which is found due to elevated methyltransferase DNMT1 and DNMT3a and 

consequential PPARγ promoter hypermethylation. A demethylating agent 5Aza known to inhibit both 

DNMT1 and DNMT3a reversed the PPAR promoter hypermethylation, recovered the PPARγ loss and 

effectively attenuated the cartilage damage in OA mice. Treatment with 5Aza also inhibited OA-

associated excessive inflammatory cytokine IL-1, TNF-α and deficit anti-oxidant enzyme Catalase and 

Superoxide dismutase 2, which were inhibited by a specific PPARγ inhibitor T0070907 in cultured 

chondrocytes. More importantly, 5Aza-confered protection against the cartilage damage and the 

associated abnormalities of OA-susceptible factors were significantly abrogated in PPARγ knockout mice.  

Conclusion: Epigenetic PPAR suppression plays a key role in OA development and PPARγ rejuvenation 

via normalizing PPARγ promoter methylation possesses promising therapeutic potentials in clinical 

treatment of OA and the related joint diseases. 
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Purpose: Osteoarthritis (OA) is the most common disabling joint disease throughout the world and its 

therapeutic effect is still not satisfactory in clinic nowadays. Recent studies showed that the exosomes 

derived from several types of mesenchymal stem cells (MSCs) could maintain chondrocyte homeostasis 

and ameliorate the pathological severity of OA in animal models, indicating that MSCs-derived exosomes 

could be a novel promising strategy for treating OA. In this study, we investigated the role and underlying 

mechanisms of infrapatellar fat pad (IPFP) MSCs-derived exosomes (MSCIPFP-Exos) on OA in vitro and 

in vivo. 

Method: Human IPFP and cartilage samples were obtained from OA patients with the operation of total 

knee replacement. The supernatant of MSCIPFP was used for exosomes extraction by ExoQuick ™(EQ) 

reagent kit (SBI) and ultrafiltration. Nanosight analysis, transmission electron microscope, western blot 

and flow imaging were conducted to identify the abundance and characteristics of MSCIPFP-Exos. qRT-

PCR, western blot and immunofluorescence staining were used to determine the effects of MSCIPFP-Exos 

on OA chondrocytes. Moreover, LC3 levels were detected by western blot and immunofluorescence 

staining to evaluate autophagy level in OA chondrocytes treated with MSCIPFP-Exos. miRNA-seq analysis 

were performed on MSCIPFP-Exos to determine candidates miRNAs. Furthermore, the effect of miR-100-

5p was evaluated by in vitro and in vivo experiments. 

Results: Our data revealed that MSCIPFP could produce amounts of MSCIPFP-Exos, which exhibited the 

typical morphological features of exosomes. The MSCIPFP-Exos ameliorated the OA severity in vivo and 

inhibited cell apoptosis, enhanced matrix synthesis and reduced the expression of catabolic factor in vitro. 

Moreover, MSCIPFP-Exos could significantly enhance autophagy level in chondrocytes partially via 

mTOR inhibition. Exosomal RNA-seq showed that the level of miR-100-5p that could bind to the 3’-

untranslated region (3’UTR) of mTOR was the highest among microRNAs. MSCIPFP-Exos decreased the 

luciferase activity of mTOR 3’UTR, while inhibition of miR-100-5p could reverse the MSCIPFP-Exos-

decreased mTOR signaling pathway. Intra-articular injection of antagomir-miR-100-5p dramatically 

attenuated MSCIPFP-Exos-mediated protective effect on articular cartilage in vivo.  

Conclusions: Our study demonstrates that MSCIPFP-derived exosomes could protect cartilage from 

damage and ameliorate gait patterns of DMM-induced OA mice through inhibiting the chondrocyte 

apoptosis and balancing the anabolic and catabolic processes. The mechanism could be related to 

miR100-5p-mediatied inhibition of mTOR-autophagy pathway. As it is relatively convenient and feasible 

to obtain human IPFP from OA patients by arthroscopic operation in clinic, our findings may provide a 

new potential therapeutic strategy for OA by using biomaterial MSCIPFP-Exos. 
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Introduction: Kartogenin (KGN) is a recently characterized small molecular compound that 

promotes the selective differentiation of MSCs into chondrocytes that may act to stimulate the repair 

of damaged cartilage. Treatment with KGN has been shown to provide a positive therapeutic effect 

for osteoarthritis (OA) damaged cartilage. However, this small molecule is, by itself, poorly soluble 

in water, making efficient intracellular delivery difficult without the use of potentially cytotoxic 

organic solvents. Furthermore, sustained and focused exposure to the optimal dosage of this 

inductive agent is necessary to induce the differentiation of stem cells effectively and to minimize 

off-target effects. Moreover, the chondrogenically induced MSCs exhibited the potential to 

differentiate toward a hypertrophic phenotype, thereby leading to the calcification of the neocartilage 

tissue. This problem remains a significant hurdle for the clinical translation of MSCs in cartilage 

repair. Cerium oxide nanoparticles (CNPs) have been shown to be non-cytotoxic and react 

catalytically with reactive oxygen species (ROS) to provide intracellular anti -oxidant properties. This 

occurs through facile cyclic oxidation states that switch between cerium3+ and cerium4+. Oxidative 

stress is known to occur during disease and with aging and is detrimental to many cell types. It has 

also been implicated in the development of OA through investigations that show ROS can induce 

hypertrophic differentiation of chondrocytes. CNPs could inhibit hypertrophic differentiation of cells 

by clearing intracellular ROS. In this study, we used hyaluronic acid (HA) to coat the surface of 

CNPs with KGN, to build a KGN sustained release system (HACNP@KGN). The superficial HA of 

the HACNP@KGN compound can specifically bind to CD44 receptors of MSCs, thereby making its 

intracellular delivery more efficient. By achieving sustained intracellular release, the system could 

maintain an effective concentration of KGN over a long period, which could greatly accelerate the 

chondrogenic differentiation of MSCs. Meanwhile, CNPs would act to inhibit hypertrophic 

differentiation of MSCs through ROS scavenging (Fig. 1).  

Materials & Methods: The HACNP@KGN compound was constructed by hyaluronic acid-mediated 

biomineralization. The morphology, structure and in vitro release profile KGN was systemically 

characterized. The intracellular delivery efficiency, capability of chondrogenesis induction, 

cytotoxicity and antioxidant properties of HACNP@KGN were tested. We assessed the compound’s 

biosecurity by injecting chlorin e6 fluorescent dye (Ce6)-labeled HACNP@KGN through the caudal 

vein to test its in vivo tissue distribution (in heart, liver, spleen, lung, and kidney), and assess its 

tissue toxicity. Finally, a rat OA model was constructed by anterior cruciate ligament (ACL) 

resection. The HACNP@KGN was introduced with intra-articular injections at 6 and 9 weeks after 

the operation. Then, the rats were sacrificed at 14 weeks postoperatively and evaluated for the 

therapeutic effect of HACNP@KGN for OA. 

Results & Discussion: KGN was successfully loaded onto cerium oxide nanomaterials by HA 

modification. This nanomaterial has a stable structure and KGN release profile, with the potential to 

achieve a continuous intracellular release of KGN. In vitro studies showed that BMSCs could 

efficiently uptake HACNP@KGN. Also, HACNP@KGN has been shown to improve the intracellular 

delivery of KGN without obvious cytotoxicity. By co-culturing with BMSCs, HACNP@KGN could 

efficiently induce chondrogenic differentiation in BMSCs. The HACNP@KGN compound showed 

concentration-dependent superoxide dismutase (SOD) and catalase (CAT) activity; it also effectively 
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scavenged H2O2-induced ROS generation, and inhibited hypertrophic differentiation of BMSCs. The 

HACNP@KGN compound was mainly distributed in the liver, spleen, and kidney; no tissue toxicity 

was found relative to the heart, liver, spleen, lung, or kidney. The therapeutic effects of 

HACNP@KGN in the OA animal model were significant. 

Conclusions: The use of HACNP@KGN could greatly enhance the intracellular delivery of KGN 

and efficiently induce the chondrogenic differentiation of BMSCs. By acting as a ROS scavenger, 

HACNP@KGN could inhibit the hypertrophic differentiation of BMSCs, reducing the negative 

effects of ROS on cartilage regeneration. Overall, HACNP@KGN showed a good therapeutic effect 

when tested in the OA animal model. 

 

Fig. 1 Mechanism of HACNP@KGN biological effects 
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MECHANISM OF ASPORIN PROMOTING OSTEOARTHRITIS THROUGH THE  

TGF-Β1/SMAD2/3 SIGNALING PATHWAY 

Zhang Haiyan1, Liu Liangliang1, Cai Daozhang1, Bai Xiaochun1.  

1The Third Affiliated Hospital of Southern Medical University 

 

Objective: To clarify the effect of asporin molecular mechanism on the pathological of OA, providing a 

new potential target for the prevention and treatment of osteoarthritis.Methods: The expression of 

asporin in human and DMM OA model articular cartilage was detected by immunohistochemistry. 

Through intra-articular injection of DMM mice with lentivirus carrying specific siRNA sequence to 

mediate the asporin gene silencing on chondrocytes, the expression of cartilage extracellular matrix 

components was detected by immunofluorescence and immunohistochemistry. Using ATDC5 cartilage 

precursor cell line for in vitro experiments, silencing asporin gene by transfection specific siRNA as well 

as asporin  recombinant protein to stimulate ATDC5 cartilage precursor cell line to test the expression of 

extracellular matrix components of chondrocytes by RT-qPCR and Western Blot.Results: The expression 

of asporin in OA patients and mouse osteoarthritic articular cartilage was significantly higher than that in 

the normal group. After intra-articular injection of lentivirus, Aggrecan and COL2 expression was 

increased, the pathological of OA were significantly improved, After silencing asporin gene by siRNA 

sequence, the expression of Aggrecan and COL2 was increased in chondrocytes while significantly 

decreased after stimulation with asporin recombinant protein by inhibit the phosphorylation Smad2/3 

downstream of TGF-β1 signaling pathway.Conclusion: Asporin expression is up-regulated with the 

development pathogenesis of osteoarthritis. Inhibiting the expression of asporin can promotes the 

synthesis of extracellular matrix components and ameliorating the pathological progression of 

osteoarthritis in vitro and vivo through the TGF-β/Smad2/3 signaling pathway. 
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PINCH CONTROLS TGF-1 SIGNALING AND EXPRESSION OF SOX9 AND RUNX2 

IN CHONDROCYTES TO REGULATE CHONDROGENESIS 

Y. M. Lei 1, H. L. Cao1, P. Y. Li1, Y. M. Lai2, X. Liu1, Q. N. Yan1, S. M. Lin1, L. T. Ma1, Y. X. Guo1, Y. R. Zhao1, 

W. Yang1, Y. S. Wang1, R. X. Li1, G. Z. Xiao1,2 

1Guangdong Provincial Key Laboratory of Cell Microenvironment and Disease Research, Shenzhen Key Laboratory 

of Cell Microenvironment, and Department of Biology, Southern University of Science and Technology, China 
2Department of Orthopedic Surgery, Rush University Medical Center, USA 

 

Pinch is a LIM-domain-only adaptor that plays important roles in integrin activation and extracellular 

matrix adhesion and migration. Mammalian cells have two functional Pinch proteins, Pinch1 and Pinch2. 

To investigate the role of Pinch proteins in skeletogenesis, we generated mice with Pinch1 deletion in 

Prx1-expressing mesenchymal stem cells (Pinch1Prx1) and/or Pinch2 globally (Pinch2 KO). While neither 

Pinch1Prx1 nor Pinch2 KO mice displayed any marked skeletal abnormalities, Pinch1Prx1; Pinch2 KO mice 

displayed severe limb shortening due to impaired endochondral ossification, demonstrating a functional 

redundancy between the two Pinch proteins. The formation of the second ossification center was largely 

delayed in Pinch1Prx1; Pinch2 KO mice compared to control littermates. Pinch loss decreased the length 

of proliferative zone and increased that of hypertrophic zone of the tibial growth plate. Mechanistically, 

Pinch loss impaired TGF-1 signaling and reduced Sox9 expression in resting and proliferative 

chondrocytes and increased Runx2 expression and chondrocyte hypertrophy. Furthermore, Pinch1Prx1; 

Pinch2 KO mice displayed a severe osteopenia with their bone volume/tissue volume and bone mineral 

density of femurs being decreased by 69% and 62%, respectively, compared to control littermates. 

Pinch1Prx1; Pinch2 KO mice showed increased osteoclast formation and decreased osteoblast formation in 

vivo. Moreover, Pinch1Prx1; Pinch2 KO mice showed increased osteoclast differentiation by bone marrow 

monocyte cultures and decreased osteoblast differentiation with increased adipocyte differentiation from 

bone marrow stromal cell. Furthermore, mice with Pinch1 deletion in type II collagen-expressing 

chondrocytes and global Pinch2 deletion (Pinch1Col2; Pinch2 KO) were born normal at birth, but 

developed a severe growth retardation and dwarfism postnatally, thus demonstrating a direct role of Pinch 

expression in chondrocytes. Taken together, these results demonstrate an essential role for Pinch proteins 

in regulation of chondrogenesis during skeletal development. 
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NESTIN+ MSPCS ARE ESSENTIAL FOR TYPE H VESSELS FORMATION DURING 

THE DEVELOPMENT AND WOUND HEALING OF CRANIOFACIAL SKELETON 

LIANG XIE1, TAO ZHOU1, YUQING YANG1, PEIYAO WU1, ZHIWEI CAO1 and QIANMING CHEN1* 

1 State Key Laboratory of Oral Diseases, National Clinical Research Center for Oral Diseases, West China Hospital 

of Stomatology, Sichuan University, 610041, Chengdu, Sichuan, China. 

 

Sufficient vascularization is highly essential for bone development and damage repair. Type H vessels as 

a newly discovered capillary subtype could couple angiogenesis to osteogenesis, thereby enhancing 

skeleton maturation, repair and regeneration. Our previous study demonstrated that type H endothelial 

cells are derived from Nestin+ mesenchymal stem/progenitor cells (MSPCs) in long bone and moreover, 

we identified the presence of Nestin+ MSPCs and type H vessels in craniofacial bone. However, the role 

of Nestin+ MSPCs-derived type H vessels in development and wound healing of craniofacial skeleton is 

still unknown. Thus, in this study we sought to determine the role of Nestin+ MSPCs in development of 

craniofacial skeleton through cell lineage tracing and cell deletion system. We firstly investigated the fate 

of Nestin+ cells by using Nes-cre mice along with a Rosa26 EYFP reporter. We collected the skull at day 

0,3,7,14 and 28. Immunofluorescent analysis revealed that Nes-cre cells mostly differentiated into the 

endothelial cells of Emcnhi or CD31hi vessels during the development of craniofacial skeleton. Deletion of 

Nestin+ cells caused less type H vessels formation and cranio-maxillofacial skeleton hypoplasia. Then we 

established an injury model by punching a hole in the skull of 3-month-old mice. We found that Nestin+ 

cells and type H vessels were both increased during wound healing and deletion of Nestin+ cells would 

slow the recovery of craniofacial bone. We also found that PDGF-BB could bind to its receptor PDGF-β 

on Nestin+ cells, thereby affecting type H vessels angiogenesis. This study not only answers the biological 

question about Nestin+ MSPCs-derived type H vessels in development and damage repair of cranio-

maxillofacial skeleton, but also provides a new sight for the clinical treatment of craniofacial damage and 

malformation. 

 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

66 
 

STAT3 COOPERATES WITH MSX1 TO DRIVE OSTEOBLAST DIFFERENTIATION 

THROUGH DLX5 AND AFFECT SKELETAL DEVELOPMENT OF HIES PATIENTS 

SR Zhou1, YL Yang1, XY Gong1, P Zhang2, QG Dai2, WG Zou3, LY Jiang1   
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Laboratory of Stomatology, Shanghai 200011, China； 
3 State Key Laboratory of Cell Biology, CAS Center for Excellence in Molecular Cell Science, Shanghai Institute of 

Biochemistry and Cell Biology, Chinese Academy of Sciences; University of Chinese Academy of Sciences, 

Shanghai 200031, China.  

 

Hyper-IgE syndrome (HIES), or Job’s syndrome, is usually inherited in an autosomal dominant pattern 

caused by dominant-negative mutations in signal transducer and activator of transcription (STAT3). Bone 

fragility and craniofacial deformity are a defining feature of HIES patient besides recurrent 

staphylococcus aureus skin abscesses. However, the mechanisms of HIES-related craniofacial 

developmental malformation are still unknown and the contribution of STAT3 to skeletal metabolism in 

vivo remains to be elucidated. Here we reported that deletion of STAT3 in MSCs with Prx-cre and 

preosteoblasts with Osx-cre nor osteoclasts with Ctsk-cre induced frontal bones dysplasia, enlarged bone 

defects in the parietal bones, occipital and smaller mandible, bone fragility and osteoporosis , similar to 

those found in human patients with HIES. Stat3Osx mice displayed reduced bone formation. STAT3 

deficiency in BMSCs displayed  impaired osteoblast differentiation in vitro by markedly decreased ALP 

activity and mineralization. In addition , the mRNA levels of osteogenic genes were significantly 

downregulated. RNA sequence showed downregulated genes of Stat3Osx mice were enriched for 

associations with bone development and ossification. Among them, distal-less homeobox (DLX5) was 

downregulated significantly but the expression of Msh homeobox 1(MSX1) was remained relatively 

unchanged. Moreover, our results revealed a physical interaction between STAT3 and MSX1 nor DLX5. 

Mechanistic analysis revealed that STAT3 cooperated with MSX1 binds to DLX5 promoter and 

modulates its transcriptional activity. Overexpression DLX5 in BMSCs of Stat3Osx mice could promote 

osteoblast differentiation by enhanced ALP activity and mineralization. Taken together, our study 

demonstrated STAT3 cooperated with MSX1 to drive osteoblast differentiation through DLX5 and affect 

skeletal development of HIES patients. 

 

S
k
u

ll

A

Mandibular bone

Skull

B

Stat3
Osx

Stat3
Osx

WT
Osx

3mm

C Stat3
Osx

Stat3
Osx

WT
Osx

WT
Osx

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

67 
 

FGFR3 DEFICIENCY IN COL2+ CELLS AGGRAVATES INITIATION AND 

PROGRESSION OF ACQUIRED HETEROTOPIC OSSIFICATION (AHO) THROUGH 

INHIBITING LYMPHANGIOGENESIS 

D Zhang, Y Xie, L Chen1.  

1State Key Laboratory of Trauma, Burn and Combined Injury, Daping Hospital, Army Medical University, 

Chongqing, China.  

 

Keywords: FGFR3, AHO, lymphatics  

Introduction: AHO refers to the presence of ectopic bone in soft tissues after trauma. It is a common 

clinical disease for patients suffering from trauma, burn or war injury. However, current treatment is not 

satisfying. We aimed to explore the effect of fibroblast growth factor receptor 3 (FGFR3), an important 

regulator of skeletal development, on AHO formation and the underlying mechanism. 

Methods: FGFR3f/f; Col2creERt2 (FGFR3Col2) and FGFR3f/f; Prox1creERt2 (FGFR3Prox1) mice were used 

for FGFR3 conditional knockout (cKO) in Col2+ cells and lymphatic endothelial cells (LECs), 

respectively. Rosa26-tdTomato; Col2creERt2 mice were used for lineage tracing. AHO was induced by 

Achilles tenotomy and its formation was determined by X-ray and micro-CT scanning. AHO 

development was evaluated by HE/SOFG staining, immunohistochemistry, qPCR and western blot. 

Lymphangiogenesis (LYVE1) and inflammatory level (F480, iNOS) were detected using 

immunofluorescence. Lymphatic drainage of mouse hindlimbs was assessed by indocyanine green 

transport. 

Results: The incidence rate of AHO was increased in FGFR3Col2 mice 2~8 weeks post-surgery, with 

accelerated chondrogenic and osteogenic progression. Col2+ (Tomato) cells were not detected in AHO 

area stained by SOX9, while, tomato+ cells located along the repaired Achilles tendon and were stained 

by LYVE1, an LEC marker. Furthermore, bone volume and areas of chondrogenesis and osteogenesis 

regions of AHO were increased in FGFR3Prox1 mice. Lymph drainage in the mouse hindlimb after 

Achilles tenotomy was decreased. Lymphangiogenesis (LYVE1+) in repaired Achilles tendon was 

reduced in both FGFR3 cKO mice. The number of M1 macrophages (F480/iNOS) in the tendon after 

surgery was increased with FGFR3 cKO. Local FGF9 treatment partially inhibited AHO development by 

promoting lymphangiogenesis and lymph drainage in repaired Achilles tendon. 

Conclusion: FGFR3 ablation in Col2+ cells or Prox1+ LECs inhibits lymphangiogenesis in repaired 

Achilles tendon after tenotomy, leading to disturbed lymph drainage, enhanced inflammation and 

aggravated AHO. Our data suggests that Col2+ cells contribute to lymphangiogenesis in settings of injury 

and FGFR3 is a potential therapeutic target for AHO.  
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INHIBITION OF FERROPTOSIS BY FREE-RADICAL SCAVENGER EDARAVONE 

PROMOTES LOCOMOTOR FUNCTIONAL RECOVERY IN RATS WITH SPINAL 

CORD INJURY 

Xu Wang, Xue Yao, Shiqing Feng 

Orthopaedic Department of Tianjin Medical University General Hospital-ICMRS Collaborating Center for Spinal 

Cord Injury, Department of Orthopaedics, Tianjin Medical University General Hospital, International Science and 

Technology Cooperation Base of Spinal Cord Injury, Tianjin Key Laboratory of Spine and Spinal Cord Injury, 

No.154 Anshan Road, Heping District, Tianjin 300052, PR China 

 

The previous studies investigated the protective effects of Edaravone, a reactive oxygen species 

scavenger, on spinal cord injury (SCI) in rats. As we all know, spinal cord injury could trigger a number 

of serious outcomes including cellular and biochemical alternations. However, the underlying mechanism 

and the effective treatment for SCI still meets a larger number of challenges. Our previous study explored 

that ferroptosis, recently discovered form of cell death mainly due to accumulation of lipid reactive 

oxygen species (ROS), is an important contributing factor in spinal cord secondary injury. And inhibition 

of ferroptosis can effectively promote locomotor recovery after SCI. Since Edaravone could strongly 

scavenge excessive ROS, we aim to investigate whether Edaravone could repair SCI through inhibiting 

ferroptosis. In this study, we examined the ferroptosis markers and the factors both in a rat contusion SCI 

model and SH-SY5Y ferroptosis model induced by Erastin. Treatment with Edaravone protected the loss 

of tissue and enhanced functional recovery after SCI through the upregulation of anti-ferroptosis factor 

GPX4 and xCT, and the downregulation of the lipid peroxidation marker ACSL4 and 5-LOX. Edaravone 

treatment alleviated astrogliosis and enhanced neuronal survival after SCI. Furthermore, Edaravone can 

inhibit the negative effects and lessen the generation of ROS caused by Erastin in SH-SY5Y cell lines. 

The expression of GPX4 and xCT were decreased when only exposed to Erastin and Edaravone was 

found reverse the level of positive ferroptosis markers dose-dependently. These findings collectively 

suggest the effectiveness of Edaravone on SCI repair through inhibiting ferroptosis and it provides a new 

strategy for the treatment of SCI. 
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CONSTRUCTION OF TISSUE-ENGINEERED SCAFFOLDS WITH FUNCTIONAL 

PEPTIDES FOR REGENERATING ARTICULAR CARTILAGE IN SITU THROUGH 

ENDOGENOUS STEM CELL HOMING 

Xun Sun1, Qiang Yang1, Quanyi Guo2, Shibi Lu2, Jiang Peng2 
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Introduction: In situ tissue regeneration by homing endogenous stem cells to the injury site has been 

extensively researched as a promising alternative strategy to facilitate tissue repair. In the present study, a 

promising scaffolding system DCM-RAD/SKP that integrated a decellularized cartilage matrix (DCM)-

derived scaffold with a functionalized self-assembly Ac-(RADA)4-CONH2/Ac-(RADA)4GGSKPPGTSS-

CONH2 (RAD/SKP) peptide nanofiber hydrogel mimicking the function of Bone marrow homing peptide 

(BMHP), was designed for recruiting autologous endogenous stem cells to repair rabbit osteochondral 

defect. 

Methods: The functional scaffolding system DCM-RAD/SKP was well characterized by atomic force 

microscopy (AFM), circular dichroism (CD) measurement, and scanning electron microscopy (SEM). 

Next, DCM-RAD/SKP was tested as a one-step surgery strategy for repairing the osteochondral defect (3 

mm in diameter and 1.5 mm in depth) of femoral trochlear in rabbit. The microfracture alone (MF), DCM 

scaffold alone (DCM), and DCM scaffold incorporated non-bioactive self-assembling peptide nanofiber 

hydrogel RADA16-I (DCM-RAD) were performed as the control (n = 18). In the first week after 

transplantation, the endogenous MSCs homing and differentiation in the transplant region were 

investigated by confocal imaging and gene expression analysis. The repair effect of cartilage and 

subchondral bone was evaluated by biomechanical assessment, imageological diagnosis and 

histomorphometry on the 3 month and 6 month after transplantation. 

Results: CD spectra and AFM and SEM examinations demonstrated that the functionalized peptide 

mixtures RAD/SKP exhibited similar structural properties to the pure RADA16-I peptide, which is 

comparable to the structure of the natural ECM and, thus, ideally mimics an in vivo 3D microenvironment. 

SEM also showed that the peptide nanofiber hydrogel can be easily and uniformly infused into the DCM 

scaffold, and attached to a aligned porous microtubules structure in parallel in vertical section. One week 

after in vivo implantation, the DCM-RAD/SKP induced more homogeneous filling and facilitated the 

recruitment of MSCs, as revealed by an increased number of CD29- and CD90-double positive cells 

within the cartilage defect site than MF, DCM, and DCM-RAD groups (p < 0.05). Moreover, gene 

expression analysis indicated that DCM-RAD/SKP promoted chondrogenesis of the reparative cells 

within the defect site. It was demonstrated by biomechanical assessment, imageological diagnosis and 

histomorphometry that DCM-RAD/SKP achieved superior structural and functional hyaline-like cartilage 

repair and successful subchondral bone reconstruction than other control groups. 

Conclusions: The functional scaffolding system DCM-RAD/SKP can recruit host stem cells into the 

cartilage defect site and promote differentiation of the infiltrating stem cells into the chondrogenic lineage 

for structural and functional cartilage regeneration, holding great potential as a one-step surgery tissue 

engineering strategy utilizing the host’s own regenerating capacity. 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

70 
 

 

Figure 1: Schematic illustration of the overall research design. 
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INHIBITION OF ABERRANT HIF1Α ACTIVATION DELAYS INTERVERTEBRAL 

DISC DEGENERATION 
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Center, Research Institute of Surgery, Daping Hospital, Third Military Medical University, Chongqing, China 
2 Chinese PLA general hospital, Beijing, China 

 

Keywords: IVD degeneration, aberrant Hif1α activation 

Objectives: The intervertebral disc (IVD) is the largest avascular tissue, in which hypoxia-inducible 

transcription factors (HIFs) mainly regulate the cellular adaptation under physiological condition. Disc 

degeneration disease (DDD) is the leading cause of disability with few disease-modifying treatments. 

Despite its high prevalence, the exact pathogenesis of DDD remains unknown. This study investigated the 

involvement of HIFs in the DDD pathogenesis in human and mice. 

Methods: Human degenerative lumbar tissues were utilized according to the Pfirrmann classification 

system. Two experimental mouse models of DDD were generated by lumbar spine instability (LSI) 

surgery and tail-looping surgery. To explore the in vivo role of HIF signaling in IVD maintenance, we 

hyperactivated the HIF pathway by generating a conditional deletion model of the HIF-negative regulator 

VHL in the IVD chondrocytes. We determined Cre-mediated recombination efficiency using Col2a1-

CreERT2; Rosa26-LacZ reporter mice. IVD tissue was histologically evaluated and scored by IVD 

degenerative histological score system. X-ray and micro-CT were performed to examine the alterations of 

disc height. We examined the expressions of key glycolytic enzymes in IVD by immunohistochemistry 

and western blot.  

Results: Among the HIFs family members, Hif1α expression was significantly up-regulated in endplate 

(EP) and annulus fibrosus (AF) from human DDD patients and various mouse models of DDD. High Cre-

recombination efficiency in annulus fibrosus cells and endplate cartilage cells was observed. Inducible 

deletion of Vhl in EP and AF cells results in ectopic Hif1α activation during adult stage. Ectopic Hif1α 

activation causes age-dependent IVD degeneration, including ossification of EP cartilage, disorganization 

of the AF structure, loss of NP-AF boundary and signs of fibrosis. Aberrant Hif1α activation potentiates 

glycolytic metabolism in IVD, both in vivo and in vitro.  

Conclusion: Our study provides the genetic evidence linking the aberrant Hif1α activation to IVD 

degeneration. Inhibition of ectopic HIF1α activation delayed DDD pathogenesis, and aberrant HIF1α 

activation could be a therapeutic target for DDD. 
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HYPOXIA INDUCIBLE FACTOR -1Α ALLEVIATES COMPRESSION INDUCED 

APOPTOSIS OF NUCLEUS PULPOSUS DERIVED STEM CELLS VIA 

UPREGULATING AUTOPHAGY  

Zengwu Shao1, Zhe Wang1, Ruijun He1 

1Department of Orthopedics, Union Hospital, Tongji Medical College, Huazhong University of Science and 

Technology  

 

Key words: HIF-1α, compression, Nucleus pulposus stem cells, intervertebral disc degeneration, 

autophagy.  

Background: Although hypoxia was reported to be detrimental to survival of intervertebral disc cells, it 

was found that in intervertebral disc, the largest avascular organ, hypoxic environment may benefit the 

cell survival and synthesis of cartilaginous matrix. Stem-like cells in Nucleus pulposus play significant 

role in the intervertebral disc degeneration, which may be initiated by overloading. We hope to elucidate 

whether and how the hypoxia influence NPSC, which are exposed to an overloading condition.  

Methods: Hypoxia inducible factor -1α in degenerated discs of human and rats was semi-quantified and 

analyzed according to the degree of degeneration. We isolated nucleus pulposus stem cells (NPSC) using 

low-density culture and cloning rings, a new method that was firstly introduced, from caudal discs of 

adult rats. We then simultaneously treated them with hypoxia and overloading, which were imitated using 

cobalt chloride and an air-tight high-pressure vessel. Apoptosis of NPSC was investigated using western 

blot, Annexin V-PI staining, etc. The mechanisms involved in the effect of hypoxia was investigated 

using autophagy flux assays, Transmission Electron Microscope, immunofluorescent, western blot, etc. 

With the lenti-viral transgenic technique, the HIF-1α was overexpressed in the isolated NPSC. We then 

labeled them with Near Infra-Red dye and transplanted them into the rat caudal discs, which were 

equipped with an axial-loading instrument. The survival and function of these implanted cells were 

detected using In-vivo imaging, and histology assays, IHC, etc.  

Results: With the progression of IVD degeneration, the decrease of HIF-1α expression was demonstrated 

in both human sample and the rat discs. Using low-density culture and cloning rings, we isolated the fast-

proliferating subpopulation from the primary culture of adult nucleus pulposus tissue and identified the 

stem-cell like characteristics of this subpopulation, including multi-lineage potency, proliferation rate, 

colony forming efficacy, and the surface markers expressing pattern. The imitated overloading condition 

induced apoptosis of the NPSC, while hypoxia decreased the apoptosis rate and elevated autophagy flux. 

We found that this effect might be mediated by HIF-1α – miR-20b-5p – Atg7 pathway. In vivo study also 

demonstrated that HIF-1α overexpressed NPSC survive better in the degenerating disc. However, the 

implanted cells showed no statistically significant effect in improving the histology scores of disc. 

Conclusion: Hypoxia inducible factor -1α benefits the survival of NPSC when exposed to an overloading 

condition through up-regulating autophagy. The maintenance or overexpression of HIF-1α might help 

restore the amount and function of NPSC, thus retarding the progression of IVD degeneration.  
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USP34 CONTROLS OSTEOCLAST DIFFERENTIATION BY REGULATING NF-ΚB 

SIGNALING 

Qiwen Li1, Mengyuan Wang1, Yuchen Guo1, Weiqing Liu1, Quan Yuan1 

1State Key Laboratory of Oral Diseases, National Clinical Research Centre for Oral Diseases, West China Hospital 

of Stomatology, Sichuan University, Chengdu, China 

 

Skeletal development and homeostasis are tightly regulated by multiple mechanisms, including ubiquitin-

dependent protein degradation system. Our previous study has identified the ubiquitin-specific protease 

34 (USP34) as a positive regulator of osteogenesis by stabilizing Smad1 and RUNX2 in mesenchymal 

stem cells.1 However, as bone remodeling is a coordinated process characterized by active bone formation 

and bone resorption, whether and how USP34 regulates osteoclast function requires further clarification. 

Here we show that knockdown of USP34 using small interfering RNA promoted osteoclast differentiation 

of RAW264.7 cells. Conditional knockout of Usp34 in bone marrow-derived macrophages (BMMs) using 

LysM-Cre or in osteoclasts using Ctsk-Cre led to low bone mass and increased TRAP+ cells compared to 

Usp34fl/fl control littermates. RANKL-induced osteoclast differentiation and activity, as well as osteoclast 

mediated bone resorption of Usp34-deficient BMMs were enhanced in vitro. Consistently, co-culturing of 

BMMs and calvarial osteoblasts derived from LysM-Cre;Usp34fl/fl mice led to an increased osteoclast 

number and larger osteoclast size. Mechanically, we identified NF-κB signaling pathway was highly 

upregulated in Usp34-deficient BMMs. Luciferase assay showed the enhanced NF-κB activation in 

USP34-knockdown RAW264.7 cells. Western blot and co-immunoprecipitation test demonstrated that 

USP34 restrained RANK/RANKL-induced NF-κB signaling in osteoclasts by deubiquitinating and 

stabilizing IκBα, which led to subsequent inhibition of RelA and NFATc1 activity. Overexpression of 

IκBα in Usp34-deficient BMMs suppressed osteoclast hyperfunction in vitro. In summary, our results 

demonstrate that USP34 negatively regulates osteoclastogenesis. USP34 might serve as a prospective 

therapeutic target for loss-of-bone disease considering its anabolic and antiresorptive effects. 

 
1 Guo, Y. C. et al. Ubiquitin‐specific protease USP34 controls osteogenic differentiation and bone formation by 

regulating BMP2 signaling. The EMBO Journal 37,(2018). 
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SHP2 IS REQUIRED FOR OSTEOCLASTOGENESIS BY MODIFYING M-CSF AND 

RANKL-EVOKED ERK ACTIVATION AND Nfatc1 EXPRESSION  

Huiliang Yang1,2, Lijun Wang1, Douglas C. Moore1, Aron Mohan1, and Wentian Yang1.  

1Dept. of Orthopaedics, Brown University Alpert Medical School, USA; 2West China Hospital, Sichuan University, 

P.R.C. 

Introduction: Osteoclasts (OCs), the exclusive bone resorptive cells, are essential for skeletal 

development and mineral homeostasis. Osteoclastogenesis requires M-CSF and RANKL, which signal 

through c-Fms and RANK, respectively, and promote the osteoclastic differentiation of myeloid 

progenitors and support the viability and activity of mature osteoclasts [1,2]. How M-CSF and RANKL-

evoked signaling is regulated under physiological and disease conditions, however, remains incompletely 

understood. SHP2 is a cytoplasmic protein tyrosine phosphatase and has been implicated in 

osteoclastogenesis. How SHP2 modifies M-CSFR and RANK signaling during osteoclastogenesis is 

elusive. By using genetic loss-of-function and other biochemical approaches, we report here that SHP2 is 

a key regulator for M-CSF and RANKL signaling during osteoclastogenesis; and that SHP2 is required 

for proliferation of osteoclast precursors (OCPs) and essential for the fusion of preosteoclasts. 

Methods: Control and mutant mice that lacked SHP2 in OCPs and OCs were generated by crossing mice 

bearing a Ptpn11 floxed allele to Tg(LysM-Cre) and Tg(Ctsk-Cre) mice, respectively. Tg(Rosa26ZSG) 

served as a fluorescent reporter for cell lineage tracing. Skeletal development and bone mineral density 

(BMD) were evaluated by X-ray and µ-CT radiographs and by using various histological staining. OC 

development and function were examined by TRAP staining, Pit assays, immunostaining and RNAScope-

based in situ hybridization in vitro and in vivo. Bone marrow-derived macrophages (BMMs) were 

cultured and their intracellular signaling studies were carried out as described previously [3]. 

Results: Phenotypic characterization showed that mice lacking SHP2 in OCPs and OCs were 

osteopetrotic (Fig. 1A,1B), manifesting a decrease in the number of osteoclasts and an increase in 

trabecular bone and BMD. Mechanistic study revealed that SHP2 is indispensable for the proliferation of 

OCP and for the fusion of preosteoclasts (Fig. 1C, 1D). SHP2 deficiency in OCPs and preosteoclasts 

significantly compromised ERK activation and Nfatc1 expression, respectively, evoked by M-CSF and 

RANKL (Fig. 1E,1F). These observations were further corroborated by in vitro studies using SHP2 

inhibitors. Importantly, expression of exogenous Nfatc1 in SHP2 deficient preosteoclasts restored the 

formation of multinuclear osteoclasts. Taken together, our studies uncovered an important role for SHP2 

in osteoclastogenesis; SHP2 is required for the proliferation of OCPs at the early stage and for the fusion 

of preosteoclasts at the late stage. The outcome of this study will provide insight into the development of 

novel therapeutics to osteoclast-related diseases by targeting SHP2 regulated signaling pathways.  
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Fig 1. A-B. X-ray and µCT radiographs demonstrate the osteopetrotic phenotypes of SHP2LysKO and SHP2CtskKO mice compared to 
SHP2LysCTR and SHP2CtskCTR controls. C. Cell growth curves show the effect of SHP2 deletion on M-CSF-evoked OCP proliferation (#p< 
0.05, Student’s t-test). D. TRAP-stained in vitro OC culture shows the formation of multinucleated OCs in the presence and absence of 
SHP2. E. Immunoblots demonstrate the effect of SHP2 deletion on RAS/ERK activation in response to M-CSF (10 ng/ml). F. Bar graphs of 

qRT-PCR data showed the abundance of osteoclastogenic gene transcripts in the OC cultures from indicated mice. Calcitonin receptor 
(CaltR), Ctsk, Mmp9, Trap, Nfatc1 and DC-STAMP (DC). 
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GRADIENT FLUID SHEAR STRESS REGULATES MIGRATION OF OSTEOCLAST 

PRECURSORS 
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The skeleton can adapt to mechanical loading through bone remodeling, and osteoclasts close to 

microdamages are believed to initiate bone resorption. However, whether local mechanical loading, such 

as fluid flow, regulates recruitment and differentiation of osteoclast precursors at the site of bone 

resorption has yet to be investigated. In the present study, finite element analysis first revealed the 

existence of a low fluid shear stress (FSS) field inside microdamage. Based on a custom-made device of 

cone-and-plate fluid chamber, finite element analysis and particle image velocimetry measurement were 

performed to verify the formation of gradient FSS flow field. Furthermore, the effects of gradient FSS on 

the migration, aggregation, and fusion of osteoclast precursors were observed. Osteoclast precursor 

RAW264.7 cells migrated along a radial direction toward the region with decreased FSS during exposure 

to gradient FSS stimulation for 40 min, thereby deviating from the direction of actual fluid flow indicated 

by fluorescent particles. When calcium signaling pathway was inhibited by gadolinium and thapsigargin, 

cell migration toward a low-FSS region was significantly reduced. For the other cell lines MC3T3-E1, 

PDLF, rat mesenchymal stem cells, and Madin-Darby canine kidney epithelial cells, gradient FSS 

stimulation did not lead to low-FSS-inclined migration. After being cultured under gradient FSS 

stimulation for 6 days, RAW264.7 cells showed significantly higher density and ratio of TRAP-positive 

multinucleated osteoclasts in the low-FSS region than in the high-FSS region. Therefore, osteoclast 

precursor cells may exhibit the special ability to sense FSS gradient and tend to actively migrate toward 

low-FSS regions, which are regulated by calcium signaling pathway. 
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A CENTRAL NEURAL CIRCUIT FOR ANXIETY-INDUCED BONE LOSS 

Fan Yang1, Yinghui Li2, Liping Wang1 

1The Brain Cognition and Brain Disease Institute, Shenzhen Institutes of Advanced Technology, Chinese Academy 

of Sciences, Shenzhen 518055, China 
2State Key Laboratory of Space Medicine Fundamentals and Application, China Astronaut Research and Training 

Center, Beijing 100094, China. 

 

The central nervous system is crucial in controlling energy expenditure and peripheral metabolism. The 

homeostasis of bone metabolism is finely regulated by the central nervous system; however, up to now 

our understanding of the central neural circuits regulating bone metabolism has been limited. 

Microgravity is an established cause of bone loss during the spaceflight, however, the decreased bone 

formations in astronauts progressively deteriorates under normal gravity after returning to earth; the 

extreme and isolated microenvironment not only induced psychological changes but also resulted in 

neural signals sent to regulate peripheral bone metabolism through central nervous system. Recent 

clinical studies have also suggested that mood disorders, such as anxiety, are closely related to bone 

metabolic abnormalities. These findings support the hypothesis that harsh environment-induced anxiety 

disorders may directly contribute to bone loss via the central nervous system; however, there has been a 

lack of systematic studies using both human participants and animal models to aid our understanding of 

the neural mechanism of anxiety-induced bone loss. 

In this study we collaborated with the China Astronaut Research and Training Center to demonstrate that 

confined isolation of crewmembers resulted in decreased bone density and elevated anxiety levels under 

normal gravity; and then we used an established mouse model to dissect the neural circuitry regulating 

this anxiety-induced bone loss. Combining electrophysiological, optogenetic and chemogenetic 

approaches, we are the first to demonstrate that the GABAergic neural circuitry in the ventromedial 

hypothalamus (VMH) modulates anxiety-induced bone loss; importantly, the GABAergic inputs in VMH 

came from a specific group of somatostatin neurons in posterior region of the bed nucleus of the stria 

terminalis (BNST), which is both indispensable for and able to drive the anxiety-induced bone loss; 

glutamatergic neurons in Nucleus tractus solitaries (NTS) and peripheral sympathetic system were 

employed to regulate anxiety-induced bone loss. To our best knowledge, we are the first to provide 

experimental evidence that the specific neural circuitry of BNST-VMH-NTS can integrate upstream 

anxiety information and directly regulate downstream bone metabolism. Additionally, we are also first to 

identify a specific population of somatostatin neurons in posterior BNST projecting to VMH that are 

responsible for anxiety-induced bone loss through the sympathetic nervous system.  

In conclusion, we have uncovered a new GABAergic neural circuit from the forebrain to hypothalamus 

used in the regulation of anxiety-induced bone loss and have also revealed a population of somatostatin 

neurons in posterior region of BNST not previously implicated in bone mass regulation. Our findings, 

therefore, not only identify the underlying central neural mechanism of the anxiety induced bone loss at 

circuit level for the first time, but also provide a new central target for interventions of anxiety-induced 

bone metabolism disorders. 
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ATTENUATING OSTEOARTHRITIS BY INHIBITING SUBCHONDRAL BONE 

ABNORMAL REMODELING THROUGH A PH-RESPONSIVE BISPHOSPHONATE-

CONJUGATED NANO-APATITE SYSTEM  
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Osteoarthritis (OA), characterized by articular cartilage degeneration, joint pain and functional 

impairment, is the most common form of joint disease and a leading cause of physical disability, affecting 

an estimated 10% of men and 18% of women over 60 years of age. Recent studies found that excessive 

activation of TGF-β1 by elevated osteoclast bone resorption could lead to the subchondral bone abnormal 

remodeling and was the major cause of OA. In this study, we fabricated a pH-responsive bisphosphonate-

conjugated nano-apatite system (NP-BP). The NP-BP showed fast and mild release behavior at relatively 

low and high pH conditions, respectively. The in vitro experiment showed that the NP-BP could 

effectively inhibit osteoclast differentiation and activity, and suppress osteoclastic bone resorption. The in 

vivo study was performed by using an OA rat model. Comprehensive evaluation methods, including 

micro-CT, incapacitance testing, histological and immunohistochemical analyses, were used to examine 

the effects of NP-BP on OA progression. The histological (H&E and Safranin O-Fast Green) analyses 

demonstrated that intra-articular injections of NP-BP could lower OARSI score and attenuate the 

degeneration of articular cartilage. The micro-CT results showed that the NP-BP maintained the 

subchondral bone microstructure, demonstrated by the restoration of bone volume fraction (BV/TV), 

subchondral bone plate thickness (SBP.Th.), and trabecular pattern factor (Tb.Pf). Immunostaining results 

manifested that the NP-BP could significantly decrease the RANKL, CD31, and Osterix expression. 

These results indicated that NP-BP inhibited bone abnormal remodeling and excessive angiogenesis in the 

subchondral bone, further attenuated the progression of OA. Therefore, intra-articular injections of NP-

BP could be a potential way for treatment of OA. 
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Osteosarcoma is the most common primary malignant bone tumor in children and adolescents, with 

highly aggressive behavior and early systemic metastasis. The survival rates for osteosarcoma remain 

unchanged over the past two decades. Studies aiming to find new or alternative therapies for patients with 

refractory osteosarcoma are urgently needed. Anlotinib, a novel  multi-targeted tyrosine kinase inhibitor 

(TKI), has exhibited encouraging clinical activity in NSLCC and soft tissue sarcoma, whereas its effect 

on osteosarcoma has not been studied. In this study, we investigated the anti-tumor activity and 

underlying mechanism of anlotinib in osteosarcoma. Various in vitro and in vivo models of human 

osteosarcoma were used to determine the anti-proliferative, anti-angiogenesis and anti-metastasis efficacy 

of anlotinib. Our results showed that anlotinib suppressed tumor growth and increased the chemo-

sensitivity of osteosarcoma. In addition, anlotinib inhibited migration and invasion and reversed 

epithelial-mesenchymal transition (EMT) in osteosarcoma cells. Furthermore, in order to explore the anti-

tumor mechanism of anlotinib, phospho-RTK antibody arrays were performed. These analyses confirmed 

that anlotinib suppressed the phosphorylation of MET, VEGFR2 and the downstream signaling pathway 

activation. Moreover, we demonstrated that anlotinib blocked hepatocyte growth factor (HGF)-induced 

cell migration, invasion and VEGF-induced angiogenesis. Notably, a 143B-Luc orthotopic osteosarcoma 

model further showed that anlotinib significantly inhibited growth and lung metastasis of implanted tumor 

cells. Our preclinical work indicates that anlotinib acts as a novel inhibitor of VEGFR2 and MET that 

blocks tumorigenesis in osteosarcoma, which could be translated into future clinical trials. 
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Aim: Periosteum is a thin osteogenic tissue that covers almost entire bone surface accounted for over 

80% of human bone mass and essential for bone regeneration. Its osteogenic potential and bone 

regenerative ability draw great efforts of investigation but there is still little understanding of periosteum. 

In this study, we want to clarify how periosteal cortical bone formation is initiated and modulated. In the 

meantime, the multi-potent stem cells reside in periosteum is urgently needed to investigate.  

Methods: We performed flow-cytometry, lineage tracing, and single cell analysis to analyze periosteum-

derived stem cells. Moreover, we systematically investigated the role and function of periosteal 

macrophages and macrophage-lineage Trap+ cells in periosteum homeostasis and periosteal cortical bone 

formation by using the mice strain of CSF-1op/op, Trap-Cre;iDTR, DMP1-Cre;Ranklf/f, Trap-Cre; Pdgfbf/f, 

CTSK KO, Nestin-Cre:Pdgfrβf/f and LepR-Cre;Pdgfrβf/f. Also, we established cortical bone defect model 

in several genetic mice models to show the mechanism of macrophage-lineage cells modulating cortical 

bone regeneration.  

Results: Here we found that macrophage-lineage cells maintained periosteum homeostasis. Importantly, 

we also found that subsets of Nestin+ and LepR+ periosteum-derived cells (PDCs) possessed multipotent 

and self-renewal ability which were better than mesenchymal stromal cells (MSCs) and contributed to 

cortical bone formation in young and adult mice, respectively. Knockout of CSF-1 eliminated 

macrophage-lineage cells and resulted in vanishing of the PDCs with impaired cortical bone formation. 

Moreover, DMP1-Cre;Ranklf/f mice, Trap-Cre;iDTR mice, Trap-Cre; Pdgfbf/f mice Nestin-Cre:Pdgfrβf/f 

and LepR-Cre;Pdgfrβf/f mice showed impaired transcriptional expression of periostin and the recruitment 

of PDCs to the periosteal surface, where the recruited PDCs undergo osteoblast differentiation in coupling 

with H-type vessel formation. Importantly, conditional knockout PDGF-BB in Trap+ cells and PDGFRβ 

in LepR+ cells impaired periosteal bone formation and regeneration.  

Conclusions: In this study, we just began to understand that periosteal macrophage-lineage cells are 

critical to the remarkable osteogenic and bone regenerative ability of periosteum. Identification of 

specific lineage macrophages in maintaining the niche of PDCs and periosteum homeostasis and their 

associated signaling pathways remain interesting for further investigation. Understanding the role and 

mechanism of PDCs, resident macrophage-lineage cells and periosteum homeostasis during cortical bone 

formation will provide insight into extensive clinical studies in use of periosteum and PDCs for bone 

regenerative applications. 
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Pinch belongs to the LIM-domains-containing protein family with high sequence similarity. Mammalian 

cells have two pinch proteins, Pinch1 and Pinch2, that regulate cell adhesion and migration. In contrast to 

the Pinch1 deletion, which results in peri-implantation lethality, Pinch2 ablation does not cause any 

marked phenotypes. In this study, we investigated the roles of Pinch in bone. We deleted Pinch1 

expression in osteocytes and mature osteoblasts using the 10-kb Dmp1-Cre transgene plus Pinch2 

globally (Pinch1Dmp1; Pinch2 KO hereafter). While either the Pinch1Dmp1or Pinch2 KO mice did not 

exhibit marked skeletal phenotypes, the Pinch1Dmp1; Pinch2 KO double mutant mice did display a severe 

osteopenia throughout life. Specifically, the bone volume fraction (BV/TV), trabecular number (Tb.N), 

and bone mineral density (BMD) were dramatically decreased, and trabecular separation (Tb.Sp) was 

increased in the mutant mice compared to control littermates. Pinch loss in osteocytes and mature 

osteoblasts severely impared osteoblast and bone formation, as demonstrated by dramatic reductions in 

serum P1NP, mineralization apposition rate (MAR), and bone formation rate (BFR) in both cortical and 

cancellous bones. Pinch loss dramatically increased the expression of sclerostin, a potent inhibitor of the 

Wnt/β-catenin signaling, in osteocytes in vitro and in bone. The bone marrow microenvironment seemed 

to be largely modulated, as demonstrated by reduced osteogenesis and enhanced adipogenesis in primary 

bone marrow stromal cell cultures from the mutant mice. The β-catenin-YAP/TAZ signaling regulating 

MSCs lineage commitment towards osteogenic cells were drastically reduced in BMSC cultures cultures 

from the mutant mice. Conditional media from primary osteocytes of mutant mice inhibited the β catenin-

YAP/TAZ signaling and osteoblast gene expression and differentiation by sclerostin in vitro. Results from 

measurements of the tartrate-resistant acidic phosphatase (TRAP) staining of bone sections and serum 

CTX1 revealed no significant differences between the two genotypes, suggesting no significant 

alterations in osteoclast formation and bone resorption in the mutant animals. Pinch loss additionally 

increased osteocyte apoptosis. Finally, using the ulna loading mouse model, we found that Pinch loss 

impaired the mechanical loading-induced bone formation, a process primarily mediated by osteocytes 

embedded in the bone matrix. Thus, in this study, we establish a novel Pinch signaling in osteocytes and 

mature osteoblasts that play important roles in regulation by control of sclerostin-β catenin-YAP/TAZ 

Signaling axis of bone homeostasis and bone mechanotransduction.   
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Objective: Cartilage-hair hypoplasia (CHH) is an autosomal recessive metaphyseal chondrodysplasia 

characterized by bone dysplasia and many other highly variable phenotypes. The responsible gene for 

CHH has been identified to be the RNA component of the mitochondrial RNA processing 

endoribonuclease (RMRP) gene. Currently, the pathogenesis of osteochondrodysplasia and extraskeletal 

phenotypes in CHH patients remains incompletely understood, furthermore, there are no viable animal 

models for CHH. 

Methods: We used CRISPR/Cas9 system to generate a zebrafish model of CHH by knocking-out the 

RMRP ortholog in zebrafish, rmrp. Different zebrafish transgenic lines and vital dye were used to analyze 

phenotypes in mutant. Zebrafish live imaging were captured using a 20X water immersion objective 

mounted on an LSM880NLO confocal microscope. 

Results: We found that rmrp is required for the patterning and shaping of pharyngeal arches. Rmrp 

mutation inhibits intramembranous ossification of skull bones and promotes vertebrae ossification. The 

abnormalities of endochondral bone ossification are variable depending on the degree of dysregulated 

chondrogenesis. Moreover, rmrp mutation inhibits cell proliferation and promotes apoptosis through 

dysregulating the expressions of cell cycle and apoptosis related genes. Furthermore, we demonstrate that 

rmrp mutation up-regulates canonical Wnt/β-catenin signaling and pharmacologically inhibiting Wnt/β-

catenin could partially alleviate the chondrodysplasia and increased vertebrae mineralization in rmrp 

mutants. 

Conclusions: We have generated a zebrafish model for CHH that recapitulates chondrodysplasia and 

abnormal bone ossification of CHH patients, and studied the potential cellular and molecular mechanism 

for the phenotypes resulting from rmrp mutation. We provide evidence that inhibition of Wnt/β-catenin 

signaling could partially alleviate the phenotypes in rmrp mutants, suggesting that modulation of Wnt/β-

catenin activity could be a potential therapy of CHH. 
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The important role of osteoclast-derived exosomes in bone remodeling of microgravity-induced 

osteoporosis has been validated. However, the underlying mechanism remains unclear. A set of total 

miRNAs expressed in osteoclast-derived exosomes may configure the specific signature of the bone 

tissue in the microgravity condition. This study aimed to investigate the miRNA expression profile of 

osteoclast-derived exosomes in simulated microgravity using next-generation sequencing. Cell culture 

supernatant of osteoclasts under normal gravity conditions and simulated microgravity conditions were 

harvested for the extraction of exosomes and exosomal miRNAs. Our results revealed that 116 aberrantly 

expressed exosomal miRNAs including 29 up-regulated miRNAs and 87 down-regulated miRNAs were 

found in the simulated microgravity group compared to the normal gravity control group. The candidate 

target genes and signaling pathways of 15 selected differentially expressed miRNAs were identified via 

target genes prediction, GO and KEGG analyses. Furthermore, miRNA qPCR assay was performed to 

validate the RNA sequencing results. Collectively, these analyses provide insight regarding the effects of 

microgravity in modulating the extracellular miRNA profile through exosomes released from osteoclasts. 

The selective packaging of miRNA cargo in exosomes under microgravity could facilitate the 

development of promising and effective targets for the diagnosis, prevention, and treatment of 

microgravity-induced osteoporosis.   
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Osteochondral defect combined with osteoarthritis is a challenge issue in clinical practice. Osteochondral 

tissue engineering based on biomimetic multiphasic scaffolds has become a rapidly developing strategy 

for repairing osteochondral defects. In this study, we aim to develop a bone mesenchymal stem cells 

(BMSCs) loaded with drug-loaded biomimetic multiphasic composite scaffold for the treatment of 

osteochondral defect combined with osteoarthritis in rats. Three-dimension cross-printed porous 

composite scaffold was fabricated by using polycaprolactone (PCL) and photocrosslinked methacrylated 

hyaluronic acid (MeHA) hydrogels. Owing to PCL and MeHA both allowed continuous extrusion 

through a needle and also quick gelation of fluid upon deposition on the cooled substrate with ultraviolet 

irradiation, human BMSCs were loaded in MeHA hydrogels and printed into the scaffold. In order to 

fabricate a multiphasic composite scaffold with both promoting chondrogenesis and osteogenesis, and 

alleviating osteoarthritis pain，kartogenin (KGN, a small molecule promoting chondrogenesis) and β-

TCP were loaded in PCL separately at different layer. MMP-sensitive hydrogel loaded with diclofenac 

sodium was coated on the top of the composite scaffold as a disease responsive strategy of anti-

inflammatory and analgesic. Biphasic PCL/MeHA 3D-printed composite scaffold was characterized by 

SEM image and mechanical analysis. The biodegradability and biocompatibility of the drug-loaded 

PCL/MeHA and drug-free PCL/MeHA composite scaffolds were examined in vitro and in vivo. The 

therapeutic effect of the composite scaffolds were evaluated in an osteochondral defect combined with 

partial meniscus defect rat model. Multiphasic PCL/MeHA composite scaffold demonstrated controllable 

3D architecture and revealed excellent biocompatibility with no immunoreaction in vivo. KGN loaded 

PCL/MeHA 3D-printed scaffolds facilitated the attachment, spreading, and chondrogenesis of ATDC5 

chondrogenic cell in vitro. In vivo study demonstrates grip force and support force of lower limbs were 

significantly improved with joint width significantly decreased in the BMSCs loaded composite scaffold 

treated rats than the model rats without treatment or treated with PCL/MeHA cell free scaffold. Gait 

analysis showed that the BMSCs loaded composite scaffold treated rats had a better gait performance than 

the model rats without treatment or treated with PCL/MeHA cell free scaffold. IL-1β in serum 

significantly decreased in BMSCs loaded composite scaffold treated rats than the model rats. 

In summary, our results suggested that BMSCs loaded biomimetic multiphasic PCL/MeHA 3D-printed 

composite scaffold shows promising therapeutic outcome in the treatment of osteochondral defect and 

management of osteoarthritis, improve injured knee joint function and mobility.  
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PH-RESPONSIVE NANOCARRIER WITH PHOTODYNAMIC THERAPY INHIBITS 

HUMAN OSTEOSARCOMA GROWTH 

Wenyi Wang1, Yanping Yang 1* 

1Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, 200032, China  

 

Objective: Osteosarcoma is the most common malignant bone tumor with a high mortality rate in 

children and adolescents. Photodynamic therapy (PDT) is a site-specific treatment and composed by 

photosensitizer (PS), light and oxygen, which utilizes a photosensitizing agent along with light to kill 

cancer cells. The aim of study is to explore the target therapeutic effects of  pH-responsive nanocarrier 

polyethylene glycol (PEG)-coated tetraphenylporphyrin bacteriochlorin (TPBC)-mediated photodynamic 

therapy (PDT) on osteosarcoma. 

Methods: In vitro, we investigated the influence of the combination of  TPBC-PEG and PDT 

exposure(750nm) on the osteosarcoma cells. The cell viability of U-2 OS cell was assessed using the 

CCK-8 assay, migration and invasion were determined by  xCELLigence RTCA DP system. Flow 

cytometry was conducted to examine cell cycle and apoptosis. In vivo, GFP labled 143B cells (1*105 cells) 

in 10µl were inoculated directly into mouse left tibias. The tumor weight and volume were measured, and 

the lung metastasis was observed by fluorescence microscopy. 

Results: Compared with the untreatment group, our data demonstrated that TPBC-PEG-PDT inhibited 

osteosarcoma cell viability in a dose-dependent manner (FigA), inhibited invasion and migration of 

osteosarcoma cells (FigBC), arrested cell cycle in G2/M phase, and induced apoptosis of osteosarcoma 

cells (FigDE). In vivo, tumor volume and tumor weight showed that the tumors in the untreatment group 

continued to be increased, and the tumor growth in the PDT group was significantly inhibited. The lung 

metastasis of the untreatment group was more severe than that of the PDT group, observed under a 

fluorescence microscope (FigFGH). 

Conclusion: TPBC-PEG-mediated photodynamic therapy could inhibit osteosarcoma growth In vitro and 

in vivo . 

  

This work was funded by the National Natural Science Foundation of China (81674006, 81603343). 
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FROM CT-FEA TO RPI-CT-FEA: A TRY TO ACHIEVE TRULY PATIENT-SPECIFIC 

BONE APPARENT STRENGTH EVALUATION 

Yongqiang Jin1, K.Y. Sze2, W.W. Lu1.  

1Department of Orthopaedics and Traumatology, The University of Hong Kong, Hong Kong. 2Department of 

Mechanical Engineering, The University of Hong Kong, Hong Kong.  

Fragile bone fracture has been the most devasting consequence of osteoporosis since it can induce loss of 

independence, disability and even death so that it is crucial to make an accurate generally applicable 

patient-specific bone strength evaluation to help screen the potential elderly at fracture risk. It has been 

commonly accepted that there are primarily three components contributing the bone strength: mineral 

content, micro- and macro-architecture and tissue material characteristics. Therefore, how to take these 

three factors into consideration is the key to obtain the bone strength and then to make a fracture risk 

prediction under dynamic environment. 

Clinical missing cases have shown that DEXA is not enough to catch the risk patients since it is only 

based on bone mineral density. QCT-based FEA method was then put forward for assessing the bone 

strength in which CT scans are reconstructed to the three-dimensional model and CT numbers are 

converted to element stiffness based on experimentally tested correlations. However, the big problem is 

there is no any true property reference from the patient itself since it is an absolute stiffness calculation 

based on the correlation relationship and BMD while actually the correlation will vary significantly from 

different regions of the world. Instead of using the regression link function directly to obtain the 

calculated element stiffness Ei as illustrated in the left of the figure, we introduced a reference point P0 in 

which an in-vivo indentation (RPI) was performed to obtain the real stiffness E0 of this point that will 

work as the calculation reference of other points. As demonstrated in the right of the figure, we 

established the relation of element stiffness Ei and the reference stiffness E0 by taking advantage of BMD. 

As a result, a truly patient-specific bone strength evaluation becomes available based on a true point from 

the patient itself.  
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NERVE MODULATION THERAPY: TARGETING GALECTIN-1 EXPRESSION 

FROM DORSAL ROOT GANGLIA ALLEVIATES OSTEOARTHRITIS 

 JT Mei1, TT Tang1  

1Shanghai Key Laboratory of Orthopaedic Implants, Department of Orthopaedic Surgery, Shanghai Ninth People’s 

Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, PR China 

 

Osteoarthritis (OA) is the most common and debilitating type of arthritis, causing a large societal and 

economic burden [1]. During OA development, all joint components are affected, resulting in significant 

subchondral bone remodelling and osteochondral neovascularisation that occur prior to articular cartilage 

degeneration [2]. In this process, pathological sensory nerve sensitation and its innervation into normally 

aneural tissues mostly causes pain [3]. Tanezumab, the β nerve growth factor (β‑NGF) targeting drug, has 

been proven efficaciously in reducing pain for OA patients, while data demonstrated increased incident of 

rapidly progressive OA (RPOA) with dose and duration [4]. It suggests the significant role of peripheral 

nerve in the progression of OA. In addition, sensory nerves of dorsal root ganglia (DRG) in OA 

innervating into bone and synovium mediate joint pain and may affect other joint components by 

secreting neurotrophic factor. Here, RNA-Seq screened out the up-regulated Galectin-1 (Gal-1) in 

primary DRG cells within inflammatory environment. We found that DRG-derived Gal-1 promoted 

angiogenesis and osteoclastogenesis, which was further examined in experimental OA rats as the local 

injection of lentiviral vectors expressing Gal-1 short hairpin RNA significantly attenuated articular 

cartilage degeneration, subchondral bone angiogenesis, and remodelling. Also, Gal-1 levels in 

subchondral bone were higher in patients with more severe osteoarthritis. Subsequently, we screened the 

most effective small molecular compound Kaempferol (Kae) that could suppress Gal-1 expression both in 

DRG cell bodies and peripheral nerve fibres via inhibiting the NF-κB, JNK and ERK pathways, thereby 

inhibiting downstream c-Fos, c-Jun, and ΔFosB expression as well as AP-1 binding activity to the Gal-1 

promoter. Nerve fibres of less Gal-1 expression innervated the subchondral bone, consequently exerting a 

protective effect on OA including less cartilage degeneration, ameliorated hypersensitivity, reduced 

subchondral bone remodelling and H-type angiogenesis. These results suggest a more intimate connection 

between the nervous system and OA progression mediated by DRG-derived Gal-1. Thus targeting up-

regulated Gal-1 expression in DRG by Kae provides novel insights for future OA research in both disease 

modifying and pain alleviation. 
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THE OPTIMAL TIMING OF HYDROGEL INJECTION FOR TREATMENT OF 
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ON T1Ρ MR IMAGING 
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Background: Currently, numerous methods are employed for treatment of degenerative disc disease 

(DDD), including physical therapy in the early stages and discetomy in the late stages. Although all these 

methods might relieve the symptoms of this disease immediately, these therapies do not prevent DDD 

from progression.  Recently, there has been an increasing interest in the study of biological therapy for 

intervertebral disc degeneration (IDD); however, the optimal timing selected for regeneration of 

degenerative disc is still unclear, which curtains the understanding of the new therapeutic modalities in 

clinical practice.  

Objectives: To investigate the optimal time of bio-regenerative treatment for intervertebral disc 

degeneration based on the T1ρ MR imaging. 

Methods: Eighteen rhesus monkeys were randomly divided in to the severe, moderate and mild groups, 

with L5/6 disc degeneration induced by injection of Pingyangmysin into the subchondral bone adjacent to 

discs. Biocompatible hydrogel was injected into the central part of L5/6 nuclues pulposus of each animal 

under fluoroscopic guidance at the time points according to the T1ρ values of the nucleus pulposus of  

L5/6 disc. The treatment effects were investigated by using radiography and MR imaging preoperatively 

and at 1,3,6,9,12-month time points postoperatively. 

Results: All animals completed the whole protocol. There were no significant differences in disc height 

index during follow-up period at each group. The T1ρ values of nucleus pulposus at L5/6 increased to 

110ms at 1-month time point at all groups. In the minor and moderate groups, the T1ρ values decrease a 

little bit after 3-month time point, and tended to be stable after 12-month time point. However, in the 

sever groups, the T1ρ values decreased significantly, with the average values lower than 80 ms. 

Conclusion: Our findings demonstrated that the rapid degenerative stage of disc degeneration (T1ρ 

values range from 95ms to 80ms) was the optimal timing of hydrogel injection therapy for disc 

degenerative disease, based on T1ρ-MR imaging technique and quantitative analysis. 
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BONE MARROW MESENCHYMAL STEM CELLS-DERIVED EXOSOMES 
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Purpose: This study aims to investigate the efficacy of exosomes (Exos) derived from bone marrow 

mesenchymal stem cells (BMSC) on the pathogenesis and behavioral signs of LBP in LFJ OA mouse 

model. 

Methods: A mouse LFJ OA model was established by operation. The effects of BMSC-Exos on LBP 

were assessed by vocalization threshold test. Nerve invasion and angiogenesis in subchondral bone were 

detected with immunostaining. The protective role of BMSC-Exos in cartilage repair was determined by 

3D morphology analyses with Propagation-based phase-contrast computed tomography (PPCT) and 

Histological staining. Related proteins to this process was evaluated by immunostaining or west blotting 

for aggrecan (ACAN), MMP-13, Tartrate-resistant acid phosphatase (TRAP), and underlying signaling 

pathway involved in RANKL-RANK-TRAF6 was determined by immunostaining. 

Results: BMSC-Exos could relieve pain via abrogation of aberrant CGRP-positive nerve and abnormal 

H-type vessel formation in subchondral bone of LFJ. Moreover, BMSC-Exos maintained ACAN 

expression and reduced MMP-13 expression to promote cartilage repair. Meanwhile, BMSC-Exos 

inhibited TRAP expression and RANKL-RANK-TRAF6 signaling activation to facilitate subchondral 

bone remodeling. 

Conclusion: BMSC-Exos could reverse behavioral signs of LBP and pathogenesis in LFJ OA. Our study 

reveals that BMSC-Exos have a prominently protective effects and might be a potential therapeutic option 

for the treatment of LFJ OA causing LBP. 
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THE MECHANISM OF SPONTANEOUS CALCIUM SIGNALING IN 

CHONDROCYTES AND ITS REGULATION IN CARTILAGINOUS MATRIX 

METABOLISM 

Xiaoyuan Gong1,  Gaoming Li1, Yang Huang1, Cheng Chen1, and Liu Yang1, 

1 Center for Joint Surgery, Southwest Hospital, Third Military Medical University (Army Medical University).  

 

    Ca2+ has been recognized as a key molecule for chondrocytes, however, the role and mechanism of 

spontaneous [Ca2+]i signaling in cartilaginous ECM metabolism regulation are unclear. Here we found 

that spontaneous [Ca2+]i signaling of in situ porcine chondrocytes was tightly regulated by [Ca2+]o influx, 

InsP3Rs mediated [Ca2+]i store release, and Orais mediated CRAC activation. [Ca2+]o deprivation was 

associated with decreased cell viability, and expression levels of ECM deposition genes. Whereas 

blocking ER Ca2+ release with InsP3R inhibitors significantly up-regulated ECM degradation genes, 

down-regulated SOX11 expression level, and was accompanied by decreased proteoglycan and collagen 

type Ⅱ intensity. These data suggested both [Ca2+]o concentration and InsP3Rsmediated ER Ca2+ release 

were found crucial to cartilaginous ECM metabolism through distinct regulatory mechanisms. 

Furthermore, by examining the cartilage samples collected from patients undergoing knee arthroscopic 

surgery, we investigated the spatiotemporal features of spontaneous [Ca2+]i signaling in in situ 

chondrocytes at different OA stages. Our data showed zonal dependent spontaneous [Ca2+]i signaling in 

healthy cartilage samples under 4 mM calcium environment. This signal was significantly attenuated in 

healthy cartilage samples when cultured in calcium free environment. No significant difference was found 

in [Ca2+]i intensity oscillation in chondrocytes located in middle zones among ICRS 1-3 samples, but OA 

severity dependent spatiotemporal features of spontaneous [Ca2+]i oscillations of deep zone chondrocytes 

was observed. This might reflect the zonal specific role of chondrocytes during OA progression and 

provide insight into articular cartilage degradation during OA progression. 

 

 

 

Fig. 1 Schematic illustration showing theoretical 

mechanism in spontaneous [Ca2+]i signal modulation, 

and roles of [Ca2+]i oscillation in cell viability and 

ECM metabolism of mature chondrocytes. 

 

 

 

 

Fig. 2 Histological feature and 

spatiotemporal features of spontaneous 

[Ca2+]i signaling of ICRS 1–3 grades 

articular cartilage samples collected 

from patients undergoing knee 

arthroscopic surgery. 
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ABNORMAL DNA METHYLATION IN THORACIC SPINAL CORD TISSUE 

FOLLOWING TRANSECTION INJURY 
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  Spinal cord injury(SCI) can lead to movement and sensory dysfunction, with high morbidity and 

disability rates causing severe burdens on patients, families, and society. DNA methylation is a kind of 

epigenetics, and a great number of previous studies have demonstrated that DNA methylation plays an 

important role in the process of nerve regeneration and remodeling. However, the roles of key genes in 

potential molecular mechanisms of SCI are not clear. Subacute spinal cord injury models were established 

in Wistar rats. Histological observations and motor function assessments were performed separately. 

Whole-genome bisulfite sequencing (WGBS) was used to detect the methylation of genes. Gene ontology 

(GO) term enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were 

performed using the DAVID database. Protein–protein interaction (PPI) networks were analyzed by 

Cytoscape software. After SCI, many cavities, areas of necrotic tissue, and many inflammatory cells were 

observed, and motor function scores were low. After the whole-genome bisulfite sequencing, 

approximately 96 DMGs were screened, of which 50 were hypermethylated genes and 46 were 

hypomethylated genes. KEGG pathway analysis highlighted the Axon Guidance pathway, Endocytosis 

pathway, T cell receptor signaling pathway, and Hippo signaling pathway. Expression patterns of 

hypermethylated genes and hypomethylated genes detected by qRT-PCR were the opposite of WGBS 

data, and the difference was significant. Abnormal methylated genes and key signaling pathways involved 

in spinal cord injury were identified through histological observation, behavioral assessment, and 

bioinformatics analysis. This research can serve as a source of additional information to expand 

understanding of spinal cord-induced epigenetic changes. 
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A SHN3-SLIT3 AXIS IN OSTEOBLAST CONTROLS SKELETAL ANGIOGENESIS 

AND OSTEOGENESIS 
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It is increasingly appreciated that the ancillary cell types present in bone tissue actively participate in 

osteogenesis. For example, type H endothelium, a subset of CD31hi, endomucinhi (EMCNhi) vascular 

endothelium residing in the bone marrow near the growth plate is believed to actively direct bone 

formation1,2.  Type H endothelium levels can be altered by preosteoclast-derived growth factor type BB 

(PDGF-BB), providing a potential link between bone resorption activity by osteoclasts and 

CD31hiEMCNhi endothelium3. However, it is currently unclear if and how levels of CD31hiEMCNhi 

endothelium are coupled with the physiologic need for bone formation and whether osteoblasts participate 

in this regulation. 

Previously, we demonstrated that the adaptor protein Schnurri3 (SHN3) is a suppressor of osteoblast 

activity, as mice lacking SHN3 display a progressive increase in postnatal bone mass due to augmented 

bone formation4,5.  As deletion of Shn3 in osteoblast-lineage cells is sufficient to greatly enhance bone 

formation, it appears that osteoblasts are able to coordinate all of the various tissue activities beyond 

osteoblast-mediated matrix secretion needed to form mature bone.  Given the substantial osteoblast-

intrinsic augmentation of bone formation in SHN3-deficient mice, we believed that this mouse strain 

represented an ideal opportunity to study how osteoblasts induce changes in their supporting cell lineages 

to facilitate bone formation. 

Here, we found that the greatly elevated bone formation seen in mice lacking the adaptor protein 

Schnurri-3 (Shn3-/- mice) is accompanied by an increase in type H endothelium. Osteoblasts control type 

H endothelium levels, as seen in mice with an osteoblast-lineage specific Shn3 deletion. Expression 

analysis identified an axon-guidance cue, SLIT3, as a novel osteoblast-derived proangiogenic factor 

whose expression is negatively regulated by SHN3. Subsequent analysis of SLIT3-deficient mice or mice 

lacking the SLIT3 receptor ROBO1 demonstrated reduced type H endothelium and low bone mass due to 

impaired bone formation, and SLIT3 is necessary for the high bone mass phenotype of Shn3-/- mice. This 

osteo-angio crosstalk pathway is essential for bone healing, as shown by the complete blockade in 

fracture repair in SLIT3-deficient mice and enhanced fracture repair in Shn3-/- mice. Accordingly, drugs 

that target the SLIT3 pathway may represent a novel class of vascular-targeted osteoanabolic therapy as 

administration of recombinant SLIT3 both enhanced bone-fracture healing and counteracted bone loss in 

a mouse model of postmenopausal osteoporosis.  

Collectively, these findings imply that SLIT3 production is a means for osteoblasts to condition their 

environment through angiogenesis to be conducive for bone formation. To our knowledge, SLIT3 also 

provides the first demonstration of a new class of vascular-targeted therapeutics in bone. This provides 

therapeutic proof-of-principle that the pool of cells that can be directly targeted to treat osteoporosis or 

promote fracture healing is not limited to osteoblasts and osteoclasts, but also extends to endothelial cells. 
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BIOLOGICAL REMODELING OF INTERVERTEBRAL DISC ALLOGRAFT AFTER 
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As a promising approach to motion preservation of the functional spinal unit, fresh-frozen intervertebral 

disc (IVD) allograft has been successfully transplanted into non-human primates and then into the 

cervical spine of humans, in whom they have provided acceptable clinical outcomes. As it is unethical to 

perform biopsy at the postoperative IVD allografts of the patients, the natural history of IVD allograft are 

still unclear. The aim of this study is to observe how the IVD allograft integrates with the recipient 

vertebral body using a goat model; the results will be extrapolated and correlated with the findings in the 

human series.  Fifteen patients who received IVD allografting in the cervical spine were recruited and 

divided into three groups according to the follow-up period (short-term FU (<5 years) group, n=4; mid-

term FU (5-10 years) group, n=5; long-term FU (>10 years), n=6); the status of the allograft was 

evaluated by T1-weighted and T2-weighted MRI scanning and the cartilaginous endplate was observed 

by ultrashort-echo-time MRI. Fifteen goats were used for IVD allografting and radiographies were taken 

at immediately, 1.5, 3, 6, 9 and 12 months after surgery; groups of 5 goats were sacrificed at 1.5, 6 and 12 

months postoperatively (n=5), then the disc-transplanted segments were harvested for micro-CT analysis, 

histological staining, scanning electron microscope analysis. Radiologically, both the IVD allografts in 

the humans and in the goats were well positioned postoperatively. Loss of allograft height was seen only 

at the initial stage after transplantation. Good union between the allograft and the recipient vertebral bone 

was found in both the human cases and the goats. Remodelling in form of irregularity of the bony 

endplates (BEP) was seen at both the human and goats allografts after transplantation. In the goat 

specimens the cranial and caudal BEPs were gradually replaced by trabecular bone. On the other hand, in 

the human allografts the thickness of the cartilaginous endplates (CEP) decreased with time. This 

correlates well with the histological finding in the goat allografts where the hyaline cartilage of the CEP 

was replaced by fibrocartilage. While the centre of the transplanted IVD allograft in the human appeared 

to be still hydrous on T2-weighted MRI at 18 years postoperatively, histological results from the long 

term (12 months) goat specimens showed that the disc center was typically replaced by a viable “bone-

fibrocartilage-bone” structure. This was composed of IVD matrix and a newly-formed fibrocartilage.  

By correlating the radiological and histological findings in the goat model with the imaging findings in 

the human cases, we conclude that a similar remodelling process has taken place in the human 

transplanted allografts.  
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Osteoarthritis (OA) is a highly prevalent and debilitating joint disease worldwide without interventions 

available to reverse its progression. Artesunate (ART), an anti-malaria agent, possesses diverse biological 

activities, including the inhibition of osteoclastogenesis and angiogenesis in various cells, but its role in 

subchondral bone during OA progression is not known. Here, we investigated the effects of ART on the 

pathogenesis of OA in anterior cruciate ligament transection (ACLT) mice models. We found that ART 

attenuated articular cartilage degeneration, defined by lowered histologic scoring of OA and retarded 

calcification of the cartilage zone. Moreover, ART improved the expression of lubricin and aggrecan and 

reduced the expression of collagen X (Col X) and matrix metalloproteinase-13 (MMP-13). Notably, ART 

normalized abnormal subchondral bone remodeling, demonstrated by the restoration of bone volume 

fraction (BV/TV), trabecular pattern factor (Tb.pf) and subchondral bone plate thickness (SBP Th.) to a 

level comparable to that of the sham group. We found that ART exerted protective effects in part by 

suppressing osteoclastic bone resorption through regulating RANKL-OPG system, restoring coupled bone 

remodeling by indirectly inhibiting Smad2/3-dependent TGF-β signaling. Additionally, ART abrogated 

type-H vessel formation via downregulating the expression of vascular endothelial growth factor and 

angiogenin-1 in subchondral bone. In conclusion, ART attenuates ACLT-induced OA by inhibiting 

osteoclastic bone resorption and type-H vessel formation in subchondral bone, indicating that this may be 

a new therapeutic alternative for OA. 
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OSTEOCHONDRAL DEFECTS IN GOATS 
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The body is unable to repair and regenerate large area bone defects. Moreover, the repair capacity of 

articular cartilage is very limited. There has long been a lack of effective treatments for osteochondral 

lesions. The engineered tissue with biphase synthetic for osteochondral repair has become one 

of hot research fields over the past few years.  

In this study an integrated biomanufacturing platform was constructed with bone marrow mesenchymal 

stem cells (BMSCs)/porous tantalum (pTa) associated with chondrocytes/collagen membranes (CM) to 

repair large osteochondral defects in load-bearing areas of goats. Twenty-four goats with large 

osteochondral defect in femoral heads of left hind legs were randomly divided into 3 groups: eight were 

treated with chondrocytes/CM-BMSCs/pTa, eight were treated with pure CM-pTa composite, and others 

eight goats were untreated. The repair effect was assessed by x-ray, gross observation and 

histomorphology for 16 weeks after the operation. In addition, the biocompatibility of chondrocytes/CM-

BMSCs/pTa was observed by flow cytometry, CCK8, immunocytochemistry and Q-PCR. The 

characteristics of the chondrocytes/CM-BMSCs/pTa were evaluated using both scanning electron 

microscopy and mechanical testing machine. The integrated repair material consist of pTa, injectable 

fibrin sealant and CM promoted adhesion and growth of BMSCs and chondrocytes. pTa played an 

important role in promoting the differentiation of BMSCs into osteoblasts. Three-dimensional CM 

maintained the phenotype of chondrocytes successfully and expressed chondrogenic genes highly. The in 

vivo study showed that after 16 weeks from implantation, osteochondral defects in almost half of the 

femoral heads had been successfully repaired by BMSCs-loaded pTa associated with biomimetic 3D 

collagen-based scaffold.  

The chondrocytes/CM-BMSCs/pTa demonstrated significant therapeutic efficacy in goat models of large 

osteochondral defect. This provides a novel therapeutic strategy for large osteochondral lesions in load-

bearing areas caused by severe injury, necrosis, infection, degeneration and tumor resection with a high 

profile of safety, effectiveness and simplicity. 

 

Fig. 1 Osteochondral repair of femoral heads of goats at 16 weeks post-implantation. 
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THE RNA DEMETHYLASE FTO IS REQUIRED FOR MAINTENANCE OF BONE 

MASS AND FUNCTIONS TO PROTECT OSTEOBLASTS FROM GENOTOXIC 

DAMAGE 

Qian Zhang1, Ryan C. Riddle1,2, Qian Yang1, Clifford R. Rosen3, Denis C Guttridge4, Naomi Dirckx1, Marie-Claude 

Faugere5, Charles R. Farber6 and Thomas L. Clemens1 

1Department of Orthopaedic Surgery, Johns Hopkins University, Baltimore, MD, USA 
2Baltimore Veterans Administration Medical Center, Baltimore, MD, USA 
3Maine Medical Center, Portland M, USA  
4Department of Pediatrics, Medical University of South Carolina, Charleston, SC, USA 
5Department of Medicine, University of Kentucky, Lexington KY, USA, USA 
6Center for Public Health Genomics, University of Virginia, Charlottesville, VA, USA 

 

The fat mass and obesity-associated gene (FTO) encodes an m6A RNA demethylase that controls mRNA 

processing and has been linked to both obesity and bone mineral density in humans by genome wide 

association studies (GWAS), but its function has remained elusive.  To examine the role of FTO in bone, 

we characterized the phenotype of mice lacking Fto globally (FtoKO) or selectively in osteoblasts (FtoOc 

KO).  FtoKO mice exhibited reductions in body length and body weight at maturity, and developed age-

related reductions in bone volume in both the trabecular and cortical compartments.  FtoOc KO mice 

developed similar age-related bone deficits with enhanced marrow adiposity but did not exhibit changes 

in body composition.  RNA profiling in osteoblasts following acute disruption of Fto revealed changes in 

transcripts of Hspa1a and other genes in the DNA repair pathway containing consensus m6A motifs 

required for demethylation by Fto.  Fto KO osteoblasts were more susceptible to genotoxic agents (UV 

and H2O2) and exhibited increased rates of apoptosis.  Importantly, forced expression of Hspa1a or 

inhibition of NFκB signaling normalized the DNA damage and apoptotic rates in Fto KO osteoblasts. 

Furthermore, increased metabolic stress induced in mice by feeding a high fat diet induced greater DNA 

damage in osteoblast of FtoOc KO mice compared to controls. We conclude that FTO functions intrinsically 

in osteoblasts through Hspa1a-NFκB signaling to enhance the stability of mRNA of proteins that function 

to protect cells from genotoxic damage. 
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FOXP1 PROMOTES OSTEOSARCOMA DEVELOPMENT BY REPRESSING P53 

SIGNALING 

Hanjun Li1, Tingting Tang1 

1 Shanghai Key Laboratory of Orthopedic Implants, Department of Orthopedic Surgery, Shanghai Ninth People’s 

Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, P. R. of China  

Osteosarcoma is the most common malignant bone tumor in children and young adults. However, 

improvement of osteosarcoma treatment has been hindered by the limited understanding of osteosarcoma 

origin and development. Here, we investigated the function and regulation mechanisms of transcription 

factor FOXP1, which controls bone marrow mesenchymal stem cells ageing and commitment, in 

osteosarcomagenesis. FOXP1 expression in osteosarcoma cells was higher than that in mesenchymal stem 

cells and osteoblasts. Immunohistochemical staining analysis showed that expression level of FOXP1 in 

clinical biopsies was correlated with pathological malignancy grade positively. Gain-of-function and loss-

of-function of FOXP1 in osteosarcoma cells revealed that FOXP1 promoted proliferation, sarcosphere 

formation, migration and invasion, while inhibited apoptosis and anoikis in osteosarcoma cells. 

Meanwhile, cancer stem cells characteristics and biomarkers expression were reduced in FOXP1 knock-

down osteosarcoma cells. FOXP1 suppressed growth and tumorigenicity of osteosarcoma cells not only 

in vitro but also in cell-derived xenograft (CDX) models. Moreover, osteosarcoma patient-derived 

xenograft models were established and intratumorally injected with adeno-associated virus carrying 

shRNA targeting FOXP1, indicating that repression of FOXP1 could alleviate osteosarcoma progression. 

In addition, FOXP1 overexpression combined with P53 deficiency accelerated osteosarcoma formation 

compared with P53 inactivation alone in human bone marrow mesenchymal stem cell CDX models. At 

the molecular level, FOXP1 binds with the promoters of P21 and RB, downregulating P21 and RB 

transcription. FOXP1 interacts with tumor suppressor P53 directly, inhibiting the transcription modulation 

ability of P53. ERK/JNK signaling and JUN/FOS transcription factors were demonstrated to be upstream 

activators of FOXP1. In conclusion, we illustrate osteosarcomagenesis regulation cascade driven by 

FOXP1，offering novel insights on mechanisms of osteosarmagenesis and providing a potential target 

for OS therapeutic approach. 

 

 

Figure 1 Graphical abstract 
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REGULATION EFFECT OF PMMA/MG COMPOSITE BONE GRAFT SUBSTITUTE 

ON BONE REMODELING 
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Bioactivity and biological properties of metallic Mg have recently been uncovered, and Mg alloys are 

designed as biodegradable materials primarily for orthopaedic applications. This is largely due to 

elemental Mg being essential for bone development and metabolism, which has also been reported in 

metallic Mg and its alloys. However, the bone reaction to Mg metal could be not be well regulated due to 

the uncontrolled degradation intensity, which usually lead to an unexpected bone remodeling. Here we 

used a composite system with Mg particles to investigate the regulative effect of Mg on bone remodeling. 

A strategy of incorporating magnesium particles into clinically used poly(methylmethacrylate) (PMMA) 

bone cement to prepare a surface-degradable composite (SDC) was used to control the overall 

degradation intensity of Mg  at the implant surface. As a result of Mg degradation, the alkalinity was 

significantly altered as elevated pH values was observed in the immersion fluid with SDCs and correlated 

to the Mg content in SDC. Micro-CT observation confirmed that the bony morphology around the SDC 

implant with varied Mg content differed obviously. Histological analysis demonstrated that the cellular 

constitution in bone tissues, new bone formation rate, the density and activity of osteoclast in bone tissues, 

around different SDCs varied significantly. And we cultured osteoclasts and osteoblasts separately in Mg 

extracts with various dilution rate. The results showed that the concentration of Mg extracts have 

significant influence on the activity and function of both osteoclasts and osteoblasts. SDC also keeps 

similar handling and setting properties as clinically used acrylic cements, which is suitable for the 

minimally invasive orthopaedic surgery. We evaluated the SDC with optimized bone remodeling in a 

bone defect model. Biomechanical evaluation suggested that the strength at the bone/implant interface of 

the optimized SDC was significantly higher than that of PMMA because of enhanced bone ingrowth and 

improved osseointegration. The results also validated our strategy. 

By using surface-degradable PMMA/Mg composites that possess environmentally responsive surface, 

forming a proper ionic vicinity, the present study demonstrated an effective strategy to modulate the 

osteoblasts and osteoclasts activity, further regulates the bone remodeling in vivo by controlling the 

degradation intensity of Mg metal. This work also validates a new concept of designing bioactive 

bone/implant interface with desirable properties. This surface degradation strategy assisted by Mg 

particles therefore has great potential to revolutionize the currently used acrylic cements for greatly 

improving the efficacy and outcomes of minimally invasive surgeries such as percutaneous kyphoplasty 

and arthroplasty. 
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COMBINING 3D-PRINTED POLYCAPROLACTONE SCAFFOLD WITH ECM-BASED 

HYDROGEL TO REGENERATE MENISCUS IN A RABBIT MODEL  
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Regeneration of the injured meniscus continues to be a scientific challenge, due to its poor self-healing 

potential. Tissue engineering provides the ability to regenerate severely damaged tissue. In this study, we 

constructed a composite scaffold by 3D printing a meniscus-shaped polycaprolactone (PCL) scaffold and 

then infusing it with an extracellular matrix (ECM) -based hydrogel. First, we investigated the ability of 

five concentrations (0%, 0.5%, 1%, 2%, 4%) of ECM-based hydrogel to promote cellular proliferation 

and matrix-forming phenotype of fibrochondrocytes, and found that 2% ECM-based hydrogel had the 

greatest effect. In vitro studies showed that the composite scaffold had desirable biocompatibility and 

biomechanical performance. Finally, to investigate the ability of the tissue-engineered scaffolds to 

regenerate menisci, we implanted fibrochondrocyte-loaded composite scaffolds (CSC group), cell-free 

composite scaffolds (CS group) and PCL scaffolds (PS group) into the knee joints of New Zealand rabbits 

that underwent total medial meniscectomy; rabbits that underwent only meniscectomy served as a 

positive control group (PC group), and those that underwent with a sham operation served as a negative 

control group (NC group). The results showed that the CSC group exhibited markedly better gross 

appearance and cartilage protection than the CS and PS groups. In addition, the regenerated meniscus in 

the CSC group had similar histological structure, biochemical contents and biomechanical properties as 

the meniscus of the NC group. 
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CORRELATIONS BETWEEN THE PLATELET PARAMETERS AND 

OSTEOPOROSIS IN CHINESE ELDERLY 
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Our aim is to evaluate the associations between the platelet parameters (platelet count (PLT), mean 

platelet volume (MPV), platelet distribution width (PDW), plateletcrit (PCT)) and osteoporosis in 

Chinese elderly. The subjects were selected from our ongoing cohort study (Osteoporosis Preventive 

Project, OPP). We analyzed 3,324 elderly subjects (>65 yrs) from the Shishan Community of Suzhou 

(Sample 1) and 5,977 elderly subjects from the Loujiang Community of Suzhou (Sample 2). To minimize 

potential confounding effects on bone metabolism, we adopted the following exclusion criteria in sample 

selection: diabetes, thyroid disorders, cancer, gastrectomy/duodenectomy, renal insufficiency, anemia, 

stroke, coronary disease, corticosteroid use, etc. Finally, 1,982 and 3,675 subjects were involved in 

Sample1 and Sample2, respectively. According to osteoporosis diagnosis, we divided the subjects into 

three groups as an osteoporosis, osteopenia and normal group. Bone mineral density (BMD) at lumbar 

spine (LS) and femoral neck (FN) were measured using Hologic DXA Wi.  We performed the Kruskal-

Wallis rank test, Spearman correlation analysis and partial correlation analysis to test the correlations 

between the platelet parameters and BMD. Spearman correlation analysis showed the similar results in 

Sample 1 and Sample 2. PLT was negatively correlated with LS BMD (r =-0.063, P<0.01 for Sample 1; r 

=-0.062, P<0.01 for Sample 2) and FN BMD (r =-0.077, P<0.01 for Sample 1; r =-0.076, P<0.01 for 

Sample 2). PDW was positively related to LS BMD (r =0.077, P<0.01 for Sample 1; r =0.055, P<0.01 for 

Sample 2) and FN BMD (r =0.067, P<0.01 for Sample 1; r =0.045, P<0.01 for Sample 2). PCT was 

negatively linked with LS BMD (r =-0.074, P<0.01 for Sample 1; r =-0.068, P<0.01 for Sample 2) and 

FN BMD (r =-0.080, P<0.01 for Sample 1; r =-0.077, P<0.01 for Sample 2). However, MPV did not 

show any correlation with LS BMD or FN BMD in both two samples (all P＞0.05). After adjusting for 

sex, age and BMI, partial correlation analysis showed that PLT was negatively associated with FN BMD 

(r=-0.052, P<0.01); PDW was positively associated with LS BMD (r =0.077, P<0.01) and FN BMD 

(r=0.044, P<0.01); PCT was negatively associated with FN BMD (r=-0.047, P<0.01) in Sample 2 (Table 

3).  In summary, we have suggested that three platelet parameters (PLT, PDW, PCT) other than MPV 

may be associated with osteoporosis. Our discovery provides a valuable clinical reference for the study on 

pathogenesis and pathophysiology of osteoporosis. 
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Purpose: To develop a medical device to fulfill the unmet needs for preventing and treating knee 

osteoarthritis (OA) with hybrid stimulations. Meanwhile, the stimulations from the designed 

device can benefits popliteal fossa effectively, which could help circulatory disturbances, 

swollen knee and related popliteal fossa syndrome. In addition, to reduce healthcare costs, the 

device should keep in small size, lightweight, easy to use, and low cost. 

Method: Three kinds of conservative treatments of OA were integrated into this device: frequent 

acupressure force (physical therapy and exercise programs), low-level-laser-therapy (LLLT), and 

heat therapy. A designed adapter connected the device to wear on the knee joint to keep the 

device contacts popliteal fossa closely. The technologies can explain as following: physical 

therapy and exercise programs by the cam module to provide pressure force from rotation and 

revolution motion, LLLT system by a set of high-wavelength laser and low-wavelength laser 

module with halogen lights, and the heat therapy is consisting of heating wire.  

Results: Wearable therapeutic devices for knee popliteal fossa were designed, fabricated, tested. 

The technologies mainly covered three conservative treatments of the knee joint: 1). With the 

loose load of tightness of adapter, the acupressure force is around 3N in the popliteal fossa, with 

the middle load of tightness of adapter, the acupressure force is around 4.5N, and with the tight 

load of tightness of adapter, the acupressure force is around 6N in popliteal fossa between shank 

and thing, and the rotating direction is from shank to thing, indicating venous return. This result 

is a benefit for pain relief, vein circulation and lymph metabolism, and good for venous 

thrombus and varicosity. 2). Laser therapy includes two different types of laser, high range laser 

with the wavelength of 850nm and low range laser with the wavelength of 660nm, both can 

generate medical use laser for OA treatment, aiding tissue regeneration and relief pain. 3). Heat 

therapy using halogen lights leads to temperature in popliteal fossa raised to 41-degree 

centigrade stably, meeting the FDA regulations.  

Conclusion: The proposed device integrated hybrid stimulations for knee disorders, which is the 

first effort to prevent and treat OA through intervening the popliteal fossa. The technical 

difficulties include the interferences from each stimulation, and the physiological structures in 

the popliteal fossa. We have adjusted the stimulations in a reasonable range. Now the device 

meets the requirements of early-stage knee diseases, especially for those are caused by 

circulation problems in popliteal fossa. The stimulations could help prevention exacerbation and 

accelerate tissue repair, as well as relieve the pain. We will conduct clinical trials in the near 

future. 
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FUNCTIONAL DRESSING WITH BOTH ANTIBACTERIAL POTENTIAL AND 

VASCULARIZATION ACTIVITY PROMOTE THE HEALING OF THE DIABETIC 

WOUND 
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Diabetic foot ulcers (DFUs) is still a big challenge to be treated in clinics. The impaired wound healing 

may caused by the poor vascularization, dysfunctional of the extracellular matrix, which further leading 

to the poor re-epithelialization and increased risk of infection. In this study, we prepared a functional 

dressing with anti-bacterial potential by adding the quaternized chitosan (hydroxypropyltrimethyl 

ammonium chloride chitosan, HACC) and magnesium(Mg) into a dressing matrix made of alginate. In 

vitro experiments demonstrated that HACC and Mg containing dressing facilitates the migration, 

adhesion and proliferation of human dermal fibroblast(HDF), HaCat keratinocytes and human umbilical 

vein endothelial cells(HUVECs). The dressing also significantly increased the production of VEGF, IGF-

1 and EGF from RAW cells, especially in Mg-containing group. For the antibacterial test, methicillin-

resistant Staphylococcus aureus(MRSA) and methicillin-resistant Staphylococcus epidermidis(MRSE) 

were used to evaluate the effect of the dressing on drug resistant bacteria. We found that the dressings 

containing the HACC could effectively eradicate bacteria and prevent the development of biofilm. Finally, 

a diabetic rat model was used to evaluate the effects of the functional dressing on the healing of wound 

inoculated with bioluminescent Xen29. The results of real-time monitoring, microbiological test and 

histopathological observation showed effective anti-infection ability and wound healing potential of this 

functional dressing. All together indicated that the functional antibacterial dressing has good potential to 

be used in clinics to treat the DFUs. 

 

 

 

 

 

Fig.1 Morphological characterization of the 

dressings and their anti-bacterial effects. (a) 

Representative SEM images of the dressings. 

(b) Real-time monitoring of the 

bioluminescence signal of Xen 29 in 

different groups. 
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GINGIVAL SOLITARY CHEMOSENSORY CELLS FUNCTION AS IMMUNE 

SENTINELS FOR INFLAMMATORY ALVEOLAR BONE LOSS 
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Taste-like solitary chemosensory cells (SCCs) in the airways, gut and urogenital tract are involved in 

innate immune responses. These extra-oral cells utilize Tas2r “bitter” receptors and downstream “taste” 

signaling pathways to detect pathogenic bacteria, parasites and their released toxins, then trigger host 

defenses against these pathogens and irritants. Here we report the presence of SCCs in gingival tissue and 

examined their roles in regulating the oral microbiome and in protecting against periodontitis. By RT-

PCR we identified 10 of 35 Tas2rs and the taste signaling components Gnat3 (α-gustducin), Plcβ2 and 

TrpM5 as being expressed in mouse gingival tissue. By immunohistochemistry we showed that Gnat3, 

Plcβ2 and TrpM5 are co-expressed in gingival SCCs. Skn1a-/- mice known to lack SCCs in other tissues 

were also devoid of gingival SCCs. Compared to wildtype, Gnat3-/- mice have altered commensal oral 

microbiota and accelerated naturally occurring alveolar bone loss. In ligature-induced periodontitis, 

knockout of taste signaling molecules or genetic absence of gingival SCCs (gSCCs) increased the 

bacterial load, reduced bacterial diversity, and rendered the microbiota more pathogenic, leading to 

greater inflammatory alveolar bone loss. Twice daily topical application to the gingiva of the bitter 

compound denatonium benzoate for one week stimulated gingival production of defensins and reduced 

alveolar bone loss in wildtype but not in Gnat3-/- mice. In sum, mouse gSCCs likely respond to bacterial 

signals via Tas2rs and downstream taste signaling components to trigger host secretion of antimicrobial 

peptides and other innate immune responses to prevent overgrowth of pathogenic oral bacteria and 

regulate gingival microbial composition (Fig.1). gSCCs may provide a promising target for treating 

inflammatory alveolar bone loss by harnessing innate immunity to regulate the oral microbiome. 

 

 

Fig 1. Potential Roles of Gingival SCCs in Oral Microbiome Regulation 
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YAP AND TAZ DELETION IN MATURE OSTEOBLASTS REDUCE BONE 

FORMATION AND INCREASE MARROW ADIPOCYTE ACCUMULATION 

THROUGH MEDIATING WNT AND TGFΒ SIGNALING 
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YAP and TAZ are transcriptional effectors of Hippo signaling, regulating cell fate, tissue development 

and homeostasis. Our studies and recent reports by other groups suggest a crosstalk between WNT 

signaling and TAZ and YAP. Thereby, it is plausible that interactions between WNT signaling and YAP 

and TAZ may contribute to skeletal homeostasis. To test this hypothesis, we generated mice lacking YAP 

and/or TAZ in mature osteoblasts. YAPf/fTAZf/fBglap-Cre (DKO), YAPf/ffBglap-Cre (YAP CKO) and 

TAZf/fBglap-Cre (TAZ CKO) mice develop normally and have similar body weight compared to their 

YAPf/fTAZf/f littermates. µCT analysis shows that Tb.N is decreased and Tb.Sp is increased in 12-week-

old DKO and YAP CKO female tibias. Cortical bone area fraction and cortical thickness are also 

decreased in 12-week-old DKO female and TAZ CKO tibias. Consistently, histomorphometry shows that 

DKO female mice display a significant decrease in bone formation rate (BFR/BS = 0.78 ± 0.11 vs 1.19 ± 

0.03 μm3/μm2/year, p=0.02). Active β-catenin levels and WNT target gene expression are largely 

reduced in DKO femurs, indicating that YAP and TAZ are required for proper canonical Wnt signaling 

activation. Primary culture shows that mesenchymal stem cells (MSC) derived from DKO mice have 

decreased colony forming ability and decreased osteoblast differentiation potency with reduced active β-

catenin protein level.  

DKO mice also display increased accumulation of marrow adipocytes. However, Bglap-Cre is not 

deleting gene expression in bone marrow adipocytes, since 1) tomato+ cells are only found in growth 

plate hypertrophic zone, trabecular bones, cortical bones and endosteum surface in YAPf/fTAZf/fBglap-

Cre;R26RTgTomato mice; 2) YAP and TAZ expression are not down-regulated in adipocytes derived 

from DKO MSCs. Thus, we propose YAP and TAZ is not regulating marrow adipogenesis autonomously. 

Our further study show that YAP and TAZ deletion in mature osteoblast might affect adipogenesis 

through paracrine regulation of TGFβ signaling: 1) TGFβ expression is reduced in DKO bones; 2) 

phosphorylation-smad2/3 level is reduced in DKO bones; 3) MSC co-cultured with DKO cortical bone 

pieces show more adipocyte formation as compared to that co-cultured with YAPf/fTAZf/f cortical bone 

pieces.  

Given that modulation of the WNT and TGFβ signaling cascade represent a target treatment in diseases 

associated with bone loss and fragility, identifying novel signaling cascades interacting with WNT and 

TGFβ signaling may open novel therapeutic avenues for the treatment of skeletal diseases.  
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Objective: Recently fibrosis has been validated as a common pathway to organ Injury and failure. 

Mutations in CFTR (cystic fibrosis transmembrane conductance regulator), a chloride channel expressed 

in a board types of cells including bone cells, lead to cystic fibrosis, a systematic disease with a series of 

clinical manifestations including osteoporosis. CFTR mutant mice (DF508) has shown impaired bone 

formation due to the decreased activity of Wnt/β-catenin signaling, a known pathway indispensable for 

bone-fracture healing. As the early stages of fracture healing involve fibrovascular tissue formation, we 

are concerning if the aberrantly distributed fibroblasts are detrimental factors making the 

microenvironment unfavorable for bone regeneration during the healing of challenging bone-fracture. 

Thus the objective of this study is three-fold: (a) to confirm the detrimental role of a specific subset of 

fibroblasts commonly existing in clinical specimens of osteoporotic patients as well as animal models of 

ovariectomy-induced osteoporotic fracture and fracture in CFTR-deficient condition; (b) to confirm if the 

beneficial effect of magnesium-containing implant on osteoporotic bone-fracture healing as validated by 

our study published in Nature Medicine is extensible to that under CFTR-deficient condition; (c) to 

confirm if magnesium-implant improves the healing of above mentioned challenging bone-fractures 

through reducing either the newly identified subset of fibroblasts or their sclerostin expression. 

Methods: After obtaining the ethics approval from our intuitions, 9-month-old female Sprague-Dawley 

(SD) rats with ovariectomy and mice (wide type and DF508 (CFTR-mutant)) without ovariectomy were 

used to establish closed-fracture models at the femoral mid-shafts fixed randomly with traditional 

intramedullary nail (IMN) or with magnesium-containing IMN. The femora were collected at week 4, 8, 

and 12. Comprehensive assessments were conducted using micro-CT, biomechanical test, histological 

and histomorphometric analysis, immunohistochemical staining, TUNEL staining, and flow cytometry. 

Of note, for rat experiments, to reduce the required animal number, we only prepared fresh samples to 

isolate cells for flow cytometry, while the old specimens in our previous study were shared for the other 

tests. Specific co-culture experiments were also conducted in vitro. Primary adherent cells were isolated 

from bone marrow aspirates collected from 20 female patients with osteoporotic vertebral fractures. 

Results: Firstly, bone marrows of ovariectomized rats presented with significantly higher proportion of 

cells positively stained of fibroblastic markers, CD26 and S100A4, as compared to age-matched controls, 

demonstrating by flow cytometry. CD26+S100A4+ cells also increased in fracture callus of 

ovariectomized rats. A majority of CD26+S100A4+ cells were CD10+Sclerostin+, as indicated by both 

flow cytometry and immunohistochemistry. Similar results were found in DF508 mice, as compared to 

wide type ones. By analyzing the clinical specimens, both real-time PCR and flow cytometry suggested a 

positive correlation between CD10+CD26+S100A4+ fibroblasts and age. Furthermore, we found that 

injection of CD10+CD26+S100A4+ fibroblasts (allogenous) to the fracture site immediately after fracture 

apparently inhibited callus remodeling in rats. Magnesium-implant reversed the delayed fracture healing 

in DF508 mice, similar as those observed in bone fracture models established in ovariectomized rats, 

accompanying with increased apoptosis of CD10+CD26+S100A4+ fibroblasts and reduced sclerostin 

expression. 

Conclusions and Discussion: To our knowledge, this is the first study filling the previously unrecognized 

gap about how a specific subset of fibroblasts (CD10+CD26+S100A4+) detrimentally affect bone-
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fracture healing. More importantly, we have confirmed that magnesium-containing hybrid implant can 

significantly enhance these challenging bone-fracture healing via targeting the specific subset of 

fibroblasts, with reduction in both quantity (triggering apoptosis) and function (decreasing sclerostin). 

Taken together, these original findings endow our study with high scientific and translational merit. 

However, further investigations will be of importance to thoroughly understand the properties (e.g. using 

RNA-sequencing) and origins of this population. For the latter purpose, dynamic monitoring on the 

expression of periostin (a marker of cells differentiated from periosteum-derived stem cells) will be 

helpful to distinguish with myeloid cells. Meanwhile, we will determine the role of these fibroblasts and 

the effect of magnesium on angiogenesis, a process particularly crucial for endochondral ossification 

during fracture healing. 

 

Acknowledgement: We acknowledged the supports from National Natural Science Foundation of China 

(81802152), Hong Kong RGC Theme-based Research Scheme (2017/18, T13-402/17-N), Collaborative Research 

Fund (C4028-14GF, C4026-17WF), General Research Fund (Ref.14112714, 14140816, 14173917, 14121918), and 

the SMART program (Institute of Innovative Medicine, CUHK). 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

106 
 

ENDOPLASMIC RETICULUM MEDIATES MITOCHONDRIAL TRANSFER IN THE 
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Intercellular mitochondrial transfer has attracted a great deal of attention for its inspiring function in 

regulation of tissue damage, tissue homeostasis, cancer therapeutic resistance and inflammation. To 

understand the mechanism of mitochondria transfer we here explore the impact of ER in mitochondrial 

transfer within the osteocyte dendritic network. By using Dmp1Cre photo-activatable mitochondria 

(PhAM)floxed mice and MLO-Y4 cells, we demonstrate that mitochondria transfer occurs in both dendritic 

networks of in situ primary osteocytes and MLO-Y4 cells. When osteocytes are depleted of functional 

mitochondria, adjacent normal osteocytes can transfer mitochondria to these stressed osteocytes and 

restore their metabolic function. Remarkably, the coordinated movement and transfer of mitochondria 

within the dendritic network rely on mitochondria-ER contact, mainly mediated by mitofusin 2 (Mfn2), a 

GTPase embedded in the outer membrane of the mitochondria for tethering ER to mitochondria. 

Reduction of Mfn2 expression during aging was observed in cortical bone, which accounts for impaired 

mitochondrial distribution and transfer in osteocyte dendritic network during aging. In summary, 

mitochondrial transfer involves mitochondrial-ER contacts along osteocyte dendritic network and is 

important for maintaining the hemostasis of osteocyte activities. 
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Osteocytes are terminally differentiated cells from mature osteoblasts. Emerging evidences revealed the 

essential functions of osteocytes in bone homeostasis and mechanotransduction [1]. However, the 

mechanisms underlying osteocytogenesis, especially their initiation, remains elusive. In previous research, 

we found that the osteocytes in Osteocalcin (OC) Cre drived von Hippel-Lindau (pVHL) cKO mice have 

increased osteocytes area, reduced lacunae area and reduced empty lacunae number, with reduced DMP1 

or Sclerostin expression and insufficient minerals deposition, indicating the osteocytogenesis were 

repressed in pVHL cKO mice. In contrast, the osteocytes in OC Cre drived hypoxia inducible factor-1 

alpha (HIF-1a) cKO mice revealed more pyknotic cell morphology, with elevated DMP1 or Sclerostin 

expression and micropetrosis (Figure 1). In vitro, with IDG-SW3 cell line, over-activated HIF signal 

pathway by hypoxia treatment suppressed the expression of preosteocytes-specific proteins, including 

E11 and MMP14 (Figure 2A). The data also revealed the RANKL protein is primarily generated in the 

mature osteocytes (Figure 2B). Thus, the reduced serum RANKL level due to impaired osteocytes 

maturation could be the reason for impaired osteoclasts formation observed in OC-Cre drived pVHL cKO 

mice [2]. Considering the results that the bone mass in HIF-1a cKO mice was reduced, not in HIF-2a 

cKO mice [3], these data indicated HIF-1a is mainly responsible for osteocytogenesis repression. 

Furthermore, we performed matrix degradation experiments with IDG-SW3, and found that the E11 

protein in preosteocytes could form a ring structure on cellular membrane, where perfectly co-localized 

with the matrix-degradated area below. However, hypoxia treatment disrupted the ring structures and 

inhibited the matrix degradation (Figure 3), which theoretically explained the disrupted lacunae-canaliculi 

network previous reported in pVHL cKO mice [3]. In conclusion, these results shed light on a new 

function of osteocytogenesis in bone remodeling, by controlling the number of RANKL/Sclerostin 

positive mature osteocytes. However, HIF-1a signal pathway in mature osteoblast could temporally 

represses the preosteocytes formation, spatially suppresses the dendrites excavation, and finally regulates 

osteogenesis during skeletal development. 
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Introduction: The current engineered bionic disc tissue is considered as a potential way for treating 

degenerative disc disease, which yet still remains challenging due to the complex radial gradient of 

natural annulus fibrosus (AF) tissue in cell phenotype, biochemical composition, microstructures, and 

mechanical properties. Previously, we have found that the differentiation of annulus fibrosus-derived 

stem cells (AFSCs) could be regulated by the elasticity of scaffold. In this study, we attempted to examine 

the combined effect of both mechanical and microstructural features on the gene expression of AFSCs. 

Methods: AFSCs were cultured on four types of poly(ether carbonate urethane) urea (PECUU) scaffolds 

with controlled elasticity and fiber diameter: soft, small diameter; stiff, small diameter; soft, large 

diameter and stiff , large diameter, then incubated for 7 days. 

Results: AFSCs were almost uniformly oriented along the fiber direction of scaffolds. AFSCs on the 

scaffolds of small diameter were round, while they were spindle-shaped on scaffolds of large diameter 

regardless of substrate elasticity. Mature focal adhesions were clustered around the periphery of cells on 

large diameter scaffolds, especially on stiff scaffolds. PCR shows that with constant fiber size, the 

expression level of the outer AF (oAF) phenotypic marker genes in AFSCs increased with scaffold 

elasticity, while that of inner AF (iAF) phenotypic marker genes showed an opposite trend. When 

scaffold elasticity was fixed, the expression of oAF phenotypic marker genes in AFSCs increased with 

fiber size. While the expression of iAF phenotypic marker genes decreased. Such substrate elasticity- and 

topography- dependent changes of AFSCs was in accordance with the genetic and biochemical 

distribution of AF tissue from the inner to outer regions. Further, we found that the Yes-associated protein 

(YAP) was translocated to the nucleus in AFSCs cultured with increasing elasticity and fiber size of 

scaffolds, yet it remained mostly phosphorylated and cytosolic in cells on soft scaffolds with small fiber 

size.  

Conclusions: The results illustrate that matrix stiffness is a potent regulator of AFSC differentiation. 

Moreover, we reveal that fiber size of scaffolds induced changes in cell adhesions and determined cell 

shape, spreading area, and extracellular matrix expression. In all, both mechanical property and 

topography features of scaffolds regulate AFSC differentiation, possibly through a YAP-dependent 

mechanotransduction mechanism. 
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As one important supportive tissue, bone has special capacity of resistance and adaptiveness to 

mechanical loading from body weight or daily activities. More than hundred and eighty years ago, 

German surgeon Julius Wolff published his famous “Wolff Law”, which suggested mechanical 

stimulation can enhance bone formation [1]. In the past two decades, osteocytes are gradually considered 

from a “passive placeholder” to be the main participator in the bone mechanotransduction [2]. However, 

it is still not fully understood about the regulators in the process of osteocyte mechanotransduction. 

Kindlin-2 belongs to Kindlin family, which is of great importance for integrin-mediated focal adhesion 

signaling pathway [3]. Kindlin-2 connects cellular cytoskeleton and extracellular matrix through direct 

and indirect interactions with integrins, integrin-associated proteins and actin cytoskeleton [4]. Because 

integrin signaling pathway is highly related to mechanotransduction, it is hypothesized that Kindlin-2 is 

required in osteocytes for bone mechanotranduction. 

In order to examine the functions of Kindlin-2 in osteocyte mechanotransduction, this study used both in 

vitro and in vivo approaches to study the response of osteocytes to mechanical loading. On one hand, 

taking advantages of Cre/LoxP system, conditional knock-out (CKO) of Kindlin-2 in osteocytes was 

achieved in transgenic mice. These CKO mice showed comparative body weight and long bone length 

with their control littermates. However, micro-CT scan revealed that CKO mice displayed a severe 

osteopenic phenotype throughout life. Moreover, compared with control littermates, CKO mice showed 

slower bone formation rate in response to mechanical stimulation in an ulna loading mouse model. 

Together, these in vivo data suggest that Kindlin-2 is of importance for bone formation, especially for 

mechanical loading-induced bone formation. On the other hand, deletion of Kindlin-2 in osteocyte-like 

cell line MLO-Y4 cells through CRASP/Cas9 technique revealed defects in integrin-activation, cell 

spreading and cell attachment. In addition, compared with WT cells, KO cells expressed higher bone 

resorption markers and lower bone formation markers after in vitro shear-stress loading. Taken together, 

these data suggest that Kinlin-2 is required in osteocytes for proper responses during mechanical loading-

related bone formation. 
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CANCELLOUS AND CORTICAL BONE RESPONSES TO MECHANICAL LOADING 

MAY BE GOVERNED BY SIMILAR TISSUE STRAIN THRESHOLDS  

Haisheng Yang1, Russell P. Main21Beijing University of Technology, China, 2Purdue University, USA.  

 

Mechanical loading is one of the key factors that regulates and maintains skeletal health and bone mass. 

In humans, increased mechanical loading in the form of exercise can increase bone mass, while reduced 

loading, such as in disuse or bed rest, results in loss of bone mass and skeletal integrity. Questions remain 

as to how and if cancellous and cortical bone tissues respond differently to mechanical loading. The goal 

of this study was to characterize the time-dependent gene expression, bone formation and structural 

response of cancellous and cortical bone to mechanical loading and disuse by applying varying load 

levels to the skeleton using a mouse tibia loading model or inducing hindlimb disuse through tail 

suspension. MicroCT and histomorphometry indicated that bone mass and bone formation activities in the 

midshaft cortical bone of the tibia were significantly enhanced following both medium (5.2 N) and high 

loads (7 N) whereas the proximal cancellous bone responded only to the high load (Fig. 1). Similarly, 

time-dependent expression of genes associated with inhibition of bone formation (e.g. Sost) was altered in 

the diaphyseal cortical bone by the medium and high loads, while Sost expression was altered in the 

proximal cortico-cancellous bone only by the high load. The hindlimb unloading experiment showed 

significant decreases in cortical and cancellous bone mass, which was associated with elevated 

RANKL/OPG. Finite element analysis and in vivo strain gauge measurements further revealed that the 

tissue strains in the proximal cancellous and cortico-cancellous bone were significantly lower than those 

in the midshaft cortical bone of the tibia given the same applied load; the high load-induced tissue strains 

in the proximal cancellous bone were comparable to the tissue strains in the midshaft cortical bone 

engendered by the medium load, which was osteogenic (Fig. 1). These results together suggest that bone 

mass, bone formation rate and gene expression responses of cortical and cancellous tissues to mechanical 

loading may be regulated by similar tissue strain thresholds. 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 1. Dynamic histomorphometry showing adaptive changes in mineral apposition rate (MAR) and bone 

formation rate (BFR/BS) of the proximal cancellous bone tissues (A) as well as the endocortical (B) and 

periosteal (C) bone tissues of the tibial midshaft, following applied Low (-3.5 N), Medium (-5.2 N) and High 

(-7 N) loads. a main effect of loading (control vs loaded). b main effect of load magnitude. c interaction 

between loading and load magnitude. * difference between loaded vs control limbs, by separate paired t-tests 

(p<0.05). (D) Strain distributions in the proximal cancellous and midshaft cortical bone of the tibia. 
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Introduction: Multiple myeloma (MM), a cancer caused by proliferation of a clonal population of 

plasma cells in the bone marrow, is the second most common type of hematological cancer and is 

responsible for approximately 20% of deaths from hematological malignancies[1]. The current gold 

standard for MM diagnosis includes invasive bone marrow aspiration. However, it lacks the sensitivity to 

detect minimum residual disease, and the non-uniform distribution of clonal plasma cells (CPCs) within 

bone marrow also often results in inaccurate reporting. Serum and urine assessment of monoclonal 

proteins, although it is non-invasive, the level of paraprotein elevation is still too low for detecting 

minimum residual disease and non-secretive MM. Circulating CPCs (cCPCs) have been reported to be 

present in the peripheral blood of MM patients, and high levels of cCPCs were shown to correlate with 

poor survival[2]. This suggests a potential non-invasive approach for MM monitoring and prognosis with 

high sensitivity. In this study, we developed a mechanical property-based microfluidic platform with high 

detection rates of cCPCs, assessed diagnostic potential of cCPCs for MM, and correlated the results with 

levels of Kappa light chains in patients. 

Methods: cCPCs, originated from malignant plasma cells in the bone marrow, are physical larger in size 

and mechanically tougher than other ordinary hemocytes. A CFD model is constructed to simulate the 

cells-passing through micropillars process. Factors which affect the filtering process are explored in detail, 

including the pressure, volumetric flow rates, cell deformation. To validate the device capture efficiency, 

we first mixed U-266 human myeloma cells lines into 1 ml of peripheral blood from healthy donors to 

test the devices’ ability to isolate U266 cells, and peripheral blood sample without U-266 cells was also 

tested as a control. Next, blood samples from MM patients at releasing and remission stages were used to 

test the device’s ability to differentiate patients at different stages. The cCPCs within the microfluidic 

channel were then immunostaining with groups of antibodies to further confirm the cells’ identities.  

Results: The microfluidic device presented here yields an estimated cCPCs capture efficiency around 

65%, capable to detect <10 cCPCs in 1ml sample volumes. In peripheral blood samples, the device 

detected 0～2 cCPCs/ml in healthy donors blood and remission MM patient’s blood, with significantly 

higher numbers in relapsing MM patient’s samples (>100 cCPCs). The analysis of cCPCs capture in 

remission and relapsing MM patients are consistent with serum paraprotein assays that are commonly 

used for MM diagnosis. The microfluidic device represents a highly sensitive method for enumerating 

cCPCs and allows for an alternative way to monitor disease diagnosis of Multiple Myeloma.  
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Introduction: In-situ bone repair by promoting BMSC recruitment and osteogenic differentiation through 

chemical recruitment factors is a hot research topic in bone defect repair. In our study, we find that the 

small molecular drug Kartogenin (KGN) has dual functions including BMSC recruitment and BMSC 

osteogenic promotion, and is expected to be used in in-situ bone repair. 

 
Fig 1. The dual functions of Kartogenin in in-situ bone repair. 

Methods: The ability of KGN on BMSC recruitment was assessed using a transwell system. The effect 

of KGN on osteogenic differentiation of BMSC was investigated by ALP staining, alizarin red staining 

and gene expression detection. In vivo, PLGA/KGN microspheres were filled into the femoral defect 

model of rats, and micro-CT was used to evaluate bone repair. 

Results: KGN can effectively promote the migration and recruitment of BMSC from matrix. In vitro, 

KGN increases the expression of ALP and calcium deposition in rat BMSC. Meanwhile, KGN 

significantly promotes the gene expression of ALP, Runx2, OCN and OPN, showing the effect of 

osteogenic promotion. In vivo, KGN also accelerates bone repair. 

Conclusions: KGN has the ability to recruit BMSC and promote BMSC osteogenic differentiation. 

Through the dual functions, KGN is expected to be used in the repair of bone defect in-situ. 
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How osteoblast cells are induced is a central question for understanding skeletal formation. Abnormal 

osteoblast differentiation leads to a broad range of devastating craniofacial diseases. Gs, the stimulatory 

G-protein alpha subunit that is encoded by GNAS gene in human and couples to G protein coupled 

receptors (GPCRs), plays a crucial role in bone formation. GNAS activation or loss of function mutations 

in humans cause fibrous dysplasia (FD) or progressive osseous heteroplasia (POH) that shows 

craniofacial hyperostosis or craniosynostosis, respectively. Previously, we have shown in both mouse and 

human that Gs inhibits Hedgehog (Hh) signaling during osteoblast differentiation by promoting Gli3 

repressor formation1. It is known that Indian Hedgehog (Ihh) is significantly required for long bone 

formation, less for craniofacial bone formation2. We also have shown that Gs enhances Wnt/β-catenin 

signaling in BMSCs of FD patients3. Therefore, the role of Gs signaling through Hh signaling or Wnt/β-

catenin signaling in craniofacial bone formation remains unclear. Here, we show that Hh signaling is 

activated in the forming craniofacial bone activities largely in a Hh ligand independent way. We have 

generated a conditional gain of function allele of Gnas (GnasR201H) in progenitor cells of the forming 

parietal bone by crossing with the Prx1Cre line. We found GnasR201H expression delayed 

intramembranous bone formation and dissolution of cartilage in sutures and fontanel. The mutant parietal 

bone exhibited discontinuous pattern and increased porosity by histological, immunohistochemistry and 

microCT analyses. Molecularly, we found that Hh signaling was severely downregulated by GnasR201H 

expression as revealed by analysis of Hh target gene expression in vivo, and loss of one Ptch1 allele 

largely rescued the delayed ossification in gain of function of Gnas mice. Wnt/β-catenin signaling was 

significantly upregulated by GnasR201H expression, loss of one Lrp6 allele largely rescued the phenotypes.  

Conversely, by crossing the floxed loss of function Gs allele with Prx1Cre line, we found that suture 

was closed prematurely due to accelerated osteoblasts differentiation and disorganized mature bone 

formation with enlarged bone marrow cavities, all of which were caused by increased Hh signaling and 

reduced Wnt/β-catenin signaling. Small molecule inhibitors of Hh and Wnt signaling can effectively 

ameliorate cranial bone phenotypes in mice caused by loss or gain of Gnas function mutations, 

respectively. We therefore conclude that Gs is a previously unknown regulator of craniofacial bone 

formation in mice by regulating Hh and Wnt/β-catenin signaling. Our work further indicates the 

understanding of the cross-talk between GPCR-Gs and Hh signaling, and between GPCR-Gs and 

Wnt/β-catenin signaling. Such new insight in normal craniofacial bone formation and pathological bone 

defects will be critical for more advanced diagnosis and therapeutic intervention of cranial malformation.  
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Background: As a controlled surgical procedure, distraction osteogenesis (DO) has been widely used in 

clinical for treating bone defect. Normally, this technique involves a three-step process in which bone 

adjacent to the defect is osteotomized and gradually distracted with the aid of a fixator, followed by 

formation of new bone with subsequent consolidation. Long period of time that the fixator is remained 

until the bone is completely consolidated which could result in increased risk of infection, financial 

burden, and psychological negative impacts. Thus, it is necessary to develop an effective approach to 

accelerate bone formation and to shorten the treatment duration. During distraction, bone formation 

begins at the sites where vascular sinuses has formed. Therefore, enhanced angiogenesis would promote 

bone regeneration in DO. Calcitonin gene-related peptide (CGRP) has been reported to promote 

angiogenesis by targeting endothelial progenitor cells (EPCs) in limb ischemia and would healing. Thus, 

we speculate that exogenous CGRP would enhance DO mediated bone formation via enhancing 

angiogenesis.  

Objectives: To investigate the therapeutic effect of different concentration of exogenous CGRP on 

distraction osteogenesis.  

Methods: Forty-four male Sprague-Dawley (SD) rats underwent right femur transverse osteotomy and 

distraction after 5 days latency. The distraction rate was set at a speed of 0.5 mm with an interval of 12 

hours for 5 days. Different concentration of exogenous CGRP was given after each distraction (0 nM, 50 

nM, 100 nM, 200 nM). After distraction, the EPC in bone defect was isolated and quantified by flow 

cytometry. At 3rd week after distraction, the vascularization of the regenerated bone was assessed by 

micro-computed tomography (micro-CT) based angiography. After 6 weeks of consolidation, the bone 

regeneration was assessed quantitatively by micro-CT, biomechanical testing and histological analysis.  

Results: From micro-CT imaging results, 100 nM CGRP was identified as optimal for enhancing new 

bone formation in DO model. Flow cytometry analysis of freshly isolated cells from bone defect showed 

that CGRP increased the number of CD31+ and CD144+ EPC after distraction. In vitro study 

demonstrated CGRP promoted proliferation and tube formation of this specific type EPC. Vessel volume 

was also greater in CGRP group as compared with control after 3 weeks of consolidation. CGRP group 

demonstrated significant increase in bone formation and ultimate load of regenerated bone. 

Conclusion: Supplementation of exogenous CGRP (100nM) further enhances DO-induced bone 

regeneration through targeting the EPCs, providing a potential therapy for facilitating DO. 
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THE ROLE OF WNT3A IN BONE REMODELING AND ANGIOGENSIS FOR 

OSTEOPROSIS TREATMENT BY MECHANICAL LOADING 
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1Department of Anatomy and Histology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin 
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Osteoporosis is characterized by low bone mass and deterioration of bone micro-architecture, leading to 

increase risk of fractures. Wnt3a plays a critical role in both bone homeostasis and angiogenesis. While 

angiogenesis is essential for repairing of bone disorders such as fracture and osteonecrosis, mechanical 

loading is reported not only to stimulate bone formation, but also to promote vessel remodeling in 

osteonecrosis of the femoral head. Using ovariectomized (OVX) mice, we examined that whether Wnt3a 

regulated bone remodeling and angiogensis for postmenopausal osteoporosis treatment by mechanical 

spinal loading. 

C57BL/6 female mice (~14 weeks) were divided into three groups: the sham control group, OVX group, 

and mechanical loading-treated OVX group. Two-week daily of mechanical spinal loading (4 N, 10 Hz, 

5min/day) was applied. Bone marrow-derived cells were isolated to examine osteoclast development, 

osteoblast and endothelial progenitor cells (EPCs) differentiation. RNA interference for Wnt3a was 

employed to test the role of Wnt3a in osteoporosis treatment. Cells and femora were harvested for 

Western Blotting. Bone mineral density (BMD) and bone mineral content (BMC) were measured, and ink 

perfusion was performed.  

The results showed that the protein level of Wnt3a was significantly increased by mechanical loading. 

Mechanical loading enhanced differentiation and mineralization of osteoblasts, and migration and tube 

formation of EPCs, and inhibited formation, migration and adhesion of osteoclasts. Wnt3a siRNA altered 

the load-driven effects on osteoblasts and osteoclasts, as well as EPCs. Mechanical loading significantly 

suppressed OVX-induced reduction in BMD and BMC. The loaded OVX mice also exhibited a 

significant increase in bone mass (B.Ar/T.Ar). Furthermore, mechanical loading increased the number of 

osteoblasts on the trabecular bone surface and bone microvascular volume, stimulating expression of 

osteocalcin (OCN), RUNX2, ALP and VEGF. Mechanical loading also suppressed bone resorption of 

osteoclasts (Oc.S/BS), as well as the level of the osteoclastic gene such as NFATc1, RANKL and 

cathepsin K (CTSK).  

Collectively, this study shows using OVX mice that Wnt3a involved in osteoporosis treatment by 

stimulating bone formation and angiogenesis and suppressing bone resorption through mechanical 

loading. Further understanding of Wnt3a may contribute to developing potential therapeutic target for 

postmenopausal osteoporosis. 
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HEME OXYGENASE-1 PROMOTES NEURON SURVIVAL THROUGH DOWN-

REGULATION OF NEURONAL NLRP1 EXPRESSION AFTER SPINAL CORD 

INJURY 

WP.Lin1,2, WK.Chen1, QF.Ke1, JX.Shi1 
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Background: Understanding the mechanisms underlying neuronal death in spinal cord injury (SCI) and 

developing novel therapeutic approaches for SCI-induced damage are critical for functional recovery. 

Here we investigated the role of heme oxygenase-1 (HO-1) in neuroprotection after SCI.  

Methods: Adeno-associated virus expressing HO-1 was prepared and injected into rat spinal cords before 

SCI model was performed. HO-1 expression, inflammasome activation, and the presence of inflammatory 

cytokines were determined by quantitative polymerase chain reaction, immunohistological staining, 

immunoblot, and immunoprecipitation. Neuronal apoptosis was assessed by terminal deoxynucleotidyl 

transferase dUTP nick end labeling. The hindlimb locomotor function was evaluated for extent of 

neurologic damage. In an in vitro model, hydrogen peroxide was used to induce similar inflammasome 

activation in cultured primary spinal cord neurons, followed by evaluation of above parameters with or 

without transduction of HO-1-expressing adeno-associated virus. 

Results: Endogenous HO-1 expression was found in spinal cord neurons after SCI in vivo, in association 

with the expression of Nod-like receptor protein 1 (NLRP1) and the formation of NLRP1 inflammasomes. 

Administration of HO-1-expressing adeno-associated virus effectively decreased expression of NLRP1, 

therefore alleviating NLRP1 inflammasome-induced neuronal death and improving functional recovery. 

In the in vitro model, exogenous HO-1 expression protected neurons from hydrogen peroxide-induced 

neuronal death by inhibiting NLRP1 expression. In addition, HO-1 inhibited expression of activating 

transcription factor 4 (ATF4), which is a transcription factor regulating NLRP1 expression. 

Conclusions: HO-1 protects spinal cord neurons after SCI through inhibiting NLRP1 inflammasome 

formation. Our study demonstrates a new mechanism by which HO-1 protects neurons from SCI. 
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Osteoarthritis (OA) is one of the most common joint disease which cause pain and dyskinesia. Though 

use of NSAIDs and development of arthroplasty can relieve symptoms partly, integrated therapeutic 

effects are not satisfactory. Previous studies have reported that melatonin (MT) may delay the progression 

of OA via anti-inflammation and anti-oxidation pathway. However, underlying mechanism that how MT 

regulate downstream signal pathways in OA is not illustrated. In present study, through vivo and vitro 

experiment, we corroborated the positive impact of MT on prevention of OA and initially found MT may 

play above role by targeting miR-140. Firstly, our results indicated that MT benefit proliferation of 

human chondrocytes and expression of Col-II in normal environment. Next, under inflammatory 

environment induced by IL-1β,  MT can predominantly enhance matrix synthesis (Aggrecan) and reduce 

matrix degradation (MMPs and ADAMTs) according to RT-PCR and Western Blot. Meanwhile, we 

confirmed that destruction of cartilage can be ameliorated by articular administration of MT in DMM 

mice model by histological, immunohistochemical stain, and relative assessment system. In further study, 

we detected that MT can increase expression of miR-140 in human chondrocytes via high-throughput 

quantitative PCR (HT-qPCR). Additionally, the down-regulated miR-140 during inflammatory 

environment can be reversed by the treatment of MT. In vitro, inhibition of miR-140 weaken the salutary 

effects on prevention of matrix catabolism that regulated by MT markedly. Similarly, Intra-articular 

administration of antagomir-miR-140 predominantly attenuated MT mediated protective effects on 

damage of cartilage in vivo. In brief, administration of MT can significantly prevent matrix degradation 

and protect articular cartilage from damage. Moreover, miR-140 play an important role in MT mediated 

mechanism of cartilage protection. 
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EFFECT OF HWNT10B TRANSGENE OVEREXPRESSION ON PERI-IMPLANT 

OSTEOGENESIS IN OVARIECTOMIZED RATS 
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Keywords: BMSCs, hWnt10b overexpression, osseointegration, osteoporotic rat 

This study aimed to investigate the efficacy of human Wnt10b (hWnt10b) transgene expression in 

ovariectomized (OVX) rats to accelerate osseointegration around titanium implants, and to provide a new 

strategy for treating osteoporosis with implants. An in vivo osteoporosis model was generated via 

bilateral ovariectomy in rats, and changes in expression of Wnt pathway-related genes were investigated. 

In OVX rats with a femur defect, hWnt10b expressed from an adenovirus vector was locally delivered to 

the defect site prior to implant placement. Surrounding femur tissues were collected 1 and 3 weeks after 

implantation for imaging, biomechanical testing, and molecular and histological analyses. In an in vitro 

model, bone-marrow stromal cells (BMSCs) transfected with adenovirus containing hWnt10b (Ad-

hWnt10b) were used for osteogenic and adipogenic induction. Alizarin Red staining and Oil Red O 

staining, as well as RT-PCR and Western blot analyses, were performed to assess the effect of hWnt10b 

expression on BMSC differentiation. Expression of Wnt pathway genes was significantly downregulated 

in OVX rats. OVX rats treated with Ad-hWnt10b showed markedly increased ALP, Runx-2, and OCN 

expression and decreased cathepsin K expression. Histological and imaging analysis showed increases in 

the number of osteocalcin-positive cells and the density of newly formed bone surrounding the implant in 

the Ad-hWnt10b group relative to the PBS treated control. Meanwhile, Ad-hWnt10b-BMSCs showed 

significantly increased osteogenesis and decreased adipogenesis. The transfected BMSCs also showed 

significant upregulation of intracellular β-catenin expression. hWnt10b may accelerate osseointegration 

around implants and subsequently enhance bone regeneration and implant stabilization under OVX 

conditions. 
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GLUCOLIPOTOXICITY INDUCES DYSFUNCTION IN OSTEOCYTES VIA 

AUTOPHAGY ACTIVATION AND ROS ACCUMULATION  

YQ Yang1, HJ Li1, TT Tang1 

 1 Shanghai Key Laboratory of Orthopedic Implants, Department of Orthopedic Surgery, Shanghai Ninth People’s 

Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, P. R. of China 

 

Type 2 diabetes are associated with osteoporosis and high bone fracture risk. However, the underlying 

pathophysiological mechanisms and effective treatments of diabetic bone disease remain to be 

investigated. Palmitic acid (PA), the most common elevated saturated fatty acid found in type 2 diabetes 

patients, is considered as one of the major causes of diabetic complications. Until recently, osteocytes, the 

main constituent of bone tissue, are found to be more than quiescent cells, but rather multifunctional 

endocrine cells important for bone remodeling and body homeostasis. Herein, we intended to evaluate the 

impacts of high glucose and high PA (HGHF) treatment on osteocytes. The results demonstrated that 

osteocyte cell line, IDG-SW3, exposed to HGHF treatment showed significant decreased cell viability, 

increased expression of pro-apoptotic markers (Aif and Bax) and enhanced activation of Caspase 7. 

Besides, TUNEL assay and Annexin V/PI apoptosis assay indicated that HGHF treatment promoted 

apoptosis in a dose-dependent manner. In addition, ferroptosis was identified after HGHF treatment by 

C11-BODIPY staining and the transcription of major enzymes involved in lipid oxidation (Ptgs2, Acsl4 

and Nox1) was found to be enhanced. Additionally, decreased phosphorylation of Connexin 43 and cell 

skeleton distortion were observed following HGHF treatment, which meant communication between 

osteocytes was blocked. Furthermore, it was found that autophagy pathway and reactive oxygen species 

(ROS) production in osteocytes were significantly enhanced by HGHF treatment, while cell death and 

dysfunction could be partially rescued by autophagy inhibitor (3-MA) and lipid ROS scavenger (Fer-1). 

Hence, it was proposed that HGHF treatment may cause apoptosis, ferroptosis and cell dysfunction in 

osteocytes by inducing autophagy activation and ROS accumulation, which may provide a new horizon 

for the pathological mechanisms and treatment of osteoporosis in type 2 diabetes.  
 

 

 
 

Figure 1: Graphical abstract  
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DISTRIBUTION OF INTRACELLULAR CALCIUM DURING FLOW-INDUCED 

MIGRATION OF OSTEOCLAST PRECURSORS 

S.R. Wang, Q. Sun, B. Huo* 
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Keywords: osteoclast precursor, cell migration, fluid shear stress, calcium signaling, intracellular calcium 

distribution 

Osteoclasts are highly specialized multinucleated cells formed by the fusion of marrow-derived 

mononuclear phagocytes (i.e., osteoclast precursors) and responsible for the resorption of mineralized 

tissues such as bone and dentin. The deformation caused by mechanical stimulation drives interstitial 

fluid within bone cavities to flow over the surface of trabeculae or lacunae, causing osteoclasts on the 

surface to suffer from fluid shear stress (FSS). The regulatory roles of FSS on the migration and 

localization of osteoclast precursors targeting the position of bone resorption are less well studied. It is 

believed that the distribution and dynamic changes of intracellular calcium concentration are dependent 

on cell migration. However, the temporal relation among mechanical stimulation, cell migration, and 

intracellular calcium distribution remains unclear. In this study, laminar shear stress (LSS) and oscillatory 

shear stress (OSS) were applied on osteoclast precursor RAW264.7 cells. The parameters of cell 

migration under fluid flow and intracellular calcium distribution along the migration or flow direction 

were calculated. Experimental results showed that the cells migrated along the flow direction quickly at 

the onset of 5 dyne/cm2 LSS and then moved randomly. OSS reactivated the flow-dependent migration 

initially after the flow direction was changed every 5 min. The positive upstream-to-downstream ratio of 

intracellular calcium significantly increased under 30 min 5 dyne/cm2 LSS stimulation compared with the 

control group. Exposure of the cells to 5 dyne/cm2 OSS significantly reduced the upstream-to-downstream 

ratio of intracellular calcium compared with the control group. Blocking calcium signaling pathways, 

namely, mechanosensitive cation-selective channels, phospholipase C, and endoplasmic reticulum, and 

removing extracellular calcium inhibited cell migration along the flow direction and the gradient 

distribution of intracellular calcium. This study provided insights into the mechanism of flow-induced cell 

migration and quantitative data for the recruitment of osteoclast precursors targeting the location of bone 

resorption. 
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SUPRAMOLECULAR Gel/OCP COMPOSITE HYDROGEL LOADING QK FOR 

ENHANCING ANGIOGENESIS AND OSTEOGENESIS 
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Introduction: Insufficient blood supply of implants after in vivo transplantation is one of the reasons to 

limit large bone defect healing. Therefore, improving the vascularization of bone scaffold is attracting big 

attention in bone tissue engineering. In this study, we will use supramolecular gelatin/octocalcium 

phosphate (Gel/OCP) composite hydrogel, in which vascular endothelial growth factor mimetic peptide 

(QK) is loaded, to repair rat skull defect. The existing cyclodextrin groups in the hydrogels can load the 

QK, retain its activity and control it release. 

Methods: Acrylic acid modified cyclodextrin, gelatin, initiator and OCP particles were mixed and 

formed hydrogel after UV crosslinking. QK was loaded in this hydrogel by immersing hydrogel in QK 

solution. The morphology, in vitro mineralized experiment and drug release of QK of hydrogels were 

carried out. The growth of bone marrow mesenchymal stem cell (BMSC) on the material was determined. 

The in vitro angiogenesis and osteogenesis were also evaluated. The scaffolds were then implanted in the 

skull defects of rats to test in vivo bone regeneration. 

 
Fig 1. The angiogenesis and bone formation ability of QK loaded Gel/OCP composite hydrogel. 

Results: The prepared supramolecular Gel/OCP composite hydrogel shows high porosity. The addition 

of OCP in the hydrogel could improve its dimensional stability. OK can be loaded into the hydrogel and 

sustained release from the hydrogel. However, there is no different between Gel and Gel/OCP hydrogels. 

BMSC grows well on the surface of Gel/OCP hydrogels. The loading of QK in the Gel/OCP hydrogels 

promote in vitro angiogenesis and osteogenesis of BMSC. In vivo experiments show that QK loaded 

Gel/OCP composite hydrogel can be better to repair skull defect in rats.  

Conclusions: The supramolecular Gel/OCP composite hydrogel may be a promising biomaterial for 

bone regeneration. 
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TITANIUM DIOXIDE USING IONIC LIQUID AS A STABILIZER 
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Introduction: Titanium, as an orthopaedic implant material, has been paid much attention and 

has been successfully applied in clinic. However, the interface between titanium and bone tissue 

would be prone to loosening and shedding after implantation, which is, seriously affecting its 

clinical application. Therefore, we propose to synthesize the molecular imprinting layer of bone 

morphogenetic protein (BMP-2) on the surface of titanium sheet to attract endogenous BMP-2 to 

promote bone growth, so as to reduce the probability of loosening and falling off of titanium 

implant. In this study, we discussed the molecular imprinting of dopamine-assisted ionic liquids 

stabilizing lysozyme on titanium dioxide surface in order to explore new methods for obtaining 

BMP-2 molecular imprinting on titanium dioxide surface. 

TiO2 PDA-TiO2 

(1) Self-polymerization of dopamine
(2) Molecular imprinting of lysozyme
(3) Removal of the template

(1) (2)

(3)

TiO2 @Lyz-MIP

Lyz / chol dhp

eluting

 

Figure1. Synthetic route of lysozyme-imprinted titanium oxide nanoparticles. 

Methods: The molecularly imprinted layer of lysozyme was successfully formed on the surface 

of titanium dioxide nanoparticles by dopamine-assisted ionic liquids stabilizing lysozyme. The 

effects of ionic liquids concentration, monomer concentration and cross-linking agent 

concentration on the selectivity of lysozyme were discussed. It was found that the molecularly 

imprinted titanium dioxide nanoparticles obtained by this method had good selectivity and 

adsorption capacity for lysozyme. The specific adsorption of lysozyme in egg white also showed 

good results. 

Results: The molecularly imprinted layer of lysozyme was successfully formed on the surface 

of titanium dioxide nanoparticles by dopamine-assisted ionic liquids stabilizing lysozyme. The 

effects of ionic liquids concentration, monomer concentration and cross-linking agent 

concentration on the selectivity of lysozyme were discussed. It was found that the molecularly 

imprinted titanium dioxide nanoparticles obtained by this method had good selectivity and 

adsorption capacity for lysozyme. The specific adsorption of lysozyme in egg white also showed 

good results. 

Conclusions: The molecularly imprinted layer of lysozyme can be successfully formed on the 

surface of titanium dioxide nanoparticles by dopamine-assisted ionic liquids stabilizing 

lysozyme, which showed good selectivity and adsorption capacity for lysozyme, and showed 

good results for specific adsorption of lysozyme in egg white. 
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Introduction: The early microenvironment of bone injury is acidic and H2O2-rich. Since 

manganese dioxide (MnO2) nanoparticles are known to have high reactivity toward H2O2 to 

produce O2 and would decompose under acidic pH, we herein design a microenvironment "self-

gated" release of BMP-2 peptide from MnO2 nanoparticle/GelMA hydrogel for bone repair. The 

controlled release of BMP-2 peptide from this hydrogel H2O2-rich environment. 

Methods: The content of H2O2 in skull defect of rats was detected using a H2O2-responsive 

liposomal nanoprobe via by photoacoustic (PA) imaging. BMP-2 peptide was loaded into MnO2 

nanoparticle, these particles were then added into GelMA solution to prepare MnO2 

nanoparticle/GelMA hydrogel after photocrosslinking. The degradation and release of BMP-2 

peptide from MnO2 nanoparticles and MnO2 nanoparticle/GelMA hydrogel under normal 

physiological pH (pH=7.4) and acidotic microenvironment (pH=5.5) will be detected. In addition, 

the degradation of MnO2 nanoparticle in the presence of H2O2 will also be determined. The 

cytocompatibility, in vitro osteogenic differentiation of rat BMSCs and in vivo bone formation 

ability of the MnO2 nanoparticle/GelMA hydrogel in skull defect of rats were all evaluated. 

Results: The content of H2O2 in skull defect of rats is different with normal bone tissue 

according to the results of H2O2 detecting. The MnO2 nanoparticle could degrade under acidotic 

medium (pH=5.5), and these particles will entirely degrade within several minutes in the 

presence of H2O2. The degradation rate of this nanoparticle will be slowed down by the barrier 

action of GelMA hydrogel. The sustained release of BMP-2 peptide could be attained using this 

MnO2 nanoparticle/GelMA hydrogel within two weeks. The release rate in acidotic medium is 

faster than in physiological medium. The MnO2 nanoparticle/GelMA hydrogels loading BMP-2 

peptide show better in vitro osteogenesis and in vivo bone formation ability than GelMA 

hydrogel and MnO2 nanoparticle/GelMA hydrogel. 

Conclusions: The MnO2 nanoparticle/GelMA hydrogel shows well in vitro osteogenesis and 

well in vivo bone formation ability. This study will provide different approaches and new ideas 

for bone repair. 
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Introduction: Degeneration and rupture of annulus fibrosus is one of the main causes of intervertebral 

disc degeneration. Studies have shown that mechanical stimulation can regulate annulus fibrosus matrix 

metabolism and inflammatory microenvironment. In this study, we will investigate the role and 

mechanism of mechanical stimulus in protecting annulus fibrosus cells from inflammation. 

Methods: Isolated rat annulus fibrosus (AF) cells were exposed to mechanical stimulation (5% and 12% 

cyclical tensile stretch (CTS) at 1 Hz) on PDMS dishes through a mechanical stretching apparatus. The 

static group was used as a control. Gene expression of ECM (Col-I, Col-II, Aggrecan), catabolic enzyme 

(MMP-3, MMP-9, MMP-13) and pro-inflammatory factor (COX-2, iNOS) was tested. Next, AF cells 

were subjected to 5% cyclic tensile stretch in the presence of the cytokine IL-1β. Gene expression of 

catabolic enzyme (MMP-3, MMP-9, MMP-13) and pro-inflammatory factor (COX-2, iNOS) was 

detected. 

Results: The results show that the expression of ECM (Col-I, Col-II, Aggrecan) increased compared 

with control group. The expressions of proinflammatory factor (COX-2, iNOS) and catabolic 

enzymes (MMP-3, MMP-9, MMP-13) are slightly down-regulated in 5% CTS group. However, the 

expression of ECM (Col-I, Col-II, Aggrecan) decreases, and proinflammatory factor (COX-2, iNOS) 

and catabolic enzymes (MMP-3, MMP-9, MMP-13) are up-regulated in 12% CTS group. Incubation 

of isolated cells with IL-1β resulted in accumulation of the inflammatory mediators (COX-2, iNOS) 

and catabolic enzyme (MMP-3, MMP-9, MMP-13). It is interesting that the effect of IL-1β could be 

completely blocked by applying 5% CTS. 

Conclusions: The suitable mechanical stimulus (5% CTS) can promote the synthesis of ECM of AF, but 

excessive mechanical stimulus (12%) can increase the expression of catabolic enzymes and the secretion 

of pro-inflammatory factors. Importantly, 5% CTS can reverse IL-1β-induced inflammatory response. 

This study shows the importance of mechanical stimulus in annulus fibrosus repair and regeneration. 
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Vitamin D deficiency has been identified as one of the factors associated with osteoporosis, however, the 

mechanism of vitamin D deficiency in accelerating the occurrence of osteoporosis is not yet clear. We 

first employed 1α (OH)ase heterozygous (1α (OH)ase+/-) mice as an animal model for 1,25 (OH)2D 

deficiency. In these mice, serum calcium and phosphorus levels were not reduced significantly, PTH 

levels were slightly increased, however, serum 1,25 (OH)2D levels were reduced by 30% compared to 

their WT littermates. 1α (OH)ase+/- mice at 12 months of age displayed an osteoporotic phenotype, 

including significantly reduced BMD, trabecular volume, ALP+ osteoblasts, and increased TRAP+ 

osteoclasts. Mineralization was normal. These mice also displayed an aging phenotype in bone, including 

significantly increased bone marrow ROS levels, p16+ and β-Gal+ osteocytes. Protein expression levels of 

nuclear factor erythroid 2-related factor (Nrf2), a master regulator of cellular resistance to oxidants, and 

its target antioxidant enzyme genes, were down-regulated, and protein expression levels of γH2AX，a 

maker for DNA damage, and p16，p19 and p53 were up-regulated. Both the osteoporotic and bone aging 

phenotypes observed in 1α (OH)ase+/- mice were rescued by supplementation with exogenous 

1,25(OH)2D3 or with the antioxidant N-acetyl-L-cysteine and by deletion of the p16 gene. Expression 

levels of Nrf2 gene were upregulated significantly in 1,25(OH)2D3-treated mouse embryonic fibroblasts 

(MEFs) from wild-type mice in a dose dependent manner, but not in MEFs from VDR knockout mice. 

Bioinformatic analysis suggested the presence, in the 5’-flanking region of the Nrf2 promoter, of a VDR 

response element-like sequence. Chromatin immunoprecipitation demonstrated that the VDR had the 

ability to physically bind the Nrf2 promoter. Luciferase assays showed that luciferase activity was 

increased significantly in MEFs transfected with Nrf2-PGL3 plasmid compared with the empty plasmid, 

and was more pronounced in 1,25(OH)2D3 treated MEFs transfected with Nrf2-PGL3 plasmid. Nrf2 

knock-down significantly down-regulated the expression levels of Nrf2 antioxidant target genes. These 

results demonstrated that 1,25(OH)2D3 exerted an antioxidant role by transcriptional regulation of Nrf2 via 

VDR. Taken together, current studies therefore, indicate that 1,25(OH)2D exerts an anti-osteoporosis role 

by activation of Nrf2-antioxidant signaling and inactivation of p16 senescence signaling. 
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Bone mineral density is the standard for predicting bone fragility; however, in many cases, individuals 

with similar densities have dramatic differences in susceptibility to fracture. However, current bone 

assessment methods are unable to identify all of the variables contributing to bone quality, suggesting that 

other undefined properties of the skeleton contribute to bone quality[1,2]. In addition, the mechanisms or 

processes by which bone acquires and regulates its mineral component are not clear [3,4]. Elucidating the 

mechanisms of mineralization has been difficult because the process is a combination of a biological 

process and a physico-chemical one.  

In this proof of concept study, we proposed to study both the biological and physico-chemical processes 

of biomineralization using in vitro approaches through the use of cell lines, and the associated in vitro 

results would be validated using ex vivo murine models. Besides the traditional methods, data generated 

from state of the art methods such as Fourier Transform Infrared, and Raman micro-spectroscopy, atomic 

force microscopy, and scanning acoustic microscopy in addition to STEM, SEM, and EDX were used. 

These hyperspectral imaging techniques allowed direct, in situ detection of multi-scale morphological, 

structure and property characterization of heterogeneous biological tissues and systems [4-7].  

The results from this study showed that we could dynamically image the biomineralization process in 

culture, extracting useful information on composition and properties of matrix.  For example, the results 

showed the usefulness of using the two cell lines, UMR106 and MLO-A5 to study different mechanisms 

of mineralization, one through BMFs and the other through calcospherulite formation.  Additionally, we 

have shown how hyperspectral images can be analyzed using multivariate principal component analysis 

and cluster analysis to provide differences and similarities within and between specimens. Finally it was 

demonstrated how we would begin to perform bone tissue profiling to accomplish the aim of this study. 
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Transcription factors (TFs) turn on/off the expression of target genes, which, in turn, allow for changes in 

cell morphology or activities needed for cell fate determination and differentiation. BMP superfamily 

signaling has become one of the most heavily investigated topics in vertebrate skeletal biology, of which 

BMP2 is a potent inducer governing osteoblastic and adipogenic differentiation of bone marrow stem 

cells (BMSCs). However, how BMP2 initiate its downstream transcription factor to determine 

differentiation direction remain largely unknown. Here, we utilized ATAC-seq, RNA-seq and animal 

models to investigate Bmp2-dependent gene regulatory network governing osteoblast/adipocyte lineage 

commitment. We firstly generated Osx-Cre, Bmp2f/f mice (hereafter cKO). We did not observe any 

significant difference between cKO and their sibliings. However, as early as 2 weeks of age, these mice 

were small in size compared to the control mice. Micro-CT revealed cKO mice exhibited decreased bone 

density, thinner cortical bone and narrower bone diameter. Histological analysis including staining with 

H&E, safranin O, TRAP staining and immunofluorescence staining were carried out and found a 

significant defect in the proliferation and differentiation of both osteoblasts and adipocytes. In vitro 

experiment showed the BMSCs isolated from cKO mice exhibited decreased proliferation, and impacted 

osteoblastic and adipogenic differentiation. Primary BMSCs were harvested from 3-week-old to 4-week-

old WT and cKO mice with same gender and induced with osteogenic medium for 7 days, which were 

then subjected to RNA-seq and ATAC-seq analysis to reveal BMP2-dependent gene regulatory network 

governing osteoblastic differentiation. Combined with previous reported H3K27Ac ChIP-seq for 

osteoblast differentiation, we identified xxx chromatin regions of active enhancers were closed with the 

loss of BMP2 resulting the down-regulation of 2352 genes and up-regulation of 2231 genes. We further 

identified over 80% of these cis-regulatory elements were directly targeted by Runx2, Dlx3/5, Mef2c, and 

Klf4. Most which have been reported to be responsible for osteoblast lineage commitment. We further 

chose Klf4 as a novel research target and We also generated Osx-Cre, Klf4f/f mice to investigate the role 

of Klf4 in osteoblastic and adipogenic differentiation of BMSCs. However, Osx-Cre, Klf4f/f mice died 

after birth, Osx-Cre, Klf4f/+ mice survived to adulthood and exhibited smaller body size accompanied by 

defective incisors like Osx-Cre, Bmp2f/f mice. But H&E staining showed heterozygotes had fewer 

osteoblasts and increased bone adiposity. In conclusion, our current work outlined a comprehensive 

BMP2-dependent gene regulatory network in which Klf4 is a novel transcription factor specifically 

governing osteoblastic differentiation of Osx+ lineage. 
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Alveolar bone formation at the base of alveolar bony crypt provides motive force during eruption. Lack of 

motive force leads to disturbances of tooth eruption, as in patients with Primary Failure of Eruption (PFE). 

Parathyroid hormone 1 receptor (PTH1R) mutation was found to be causative for familial cases of PFE, 

whereas the underlying mechanisms have not been well-characterized. Therefore, we sought to 

understand the molecular basis of PTH1R signaling in modulating eruption motive force. We generated 

mice with conditional deletion of PTH1R in mesenchymal progenitors using Prx1Cre. Mutant mice 

exhibited arrested tooth eruption compared to their control littermates. Micro-CT analysis revealed that 

the mutants had significantly reduced alveolar bone formation during eruption. It was due to 

downregulated expression of Osx, Runx2 and Col1α1 in PTH1R-deficient cells. Bone resorption was not 

affected by PTH1R ablation. Lack of PTH1R in orofacial bone marrow mesenchymal stem cells (OMSCs) 

inhibited osteogenesis in vitro. Interestingly, we identified a downstream factor of PTH1R signaling, EZI, 

which significantly increased in mutant alveolar bone region. EZI expression was gradually declined 

during mandibular bone development at transcript and protein levels. Downregulation of EZI by shRNA-

expressing vectors in OMSCs accelerated osteogenesis, while overexpression of EZI exhibited reduced 

osteogenic differentiation in vitro. In summary, the current data highlight the importance of PTH1R 

signaling in regulating alveolar bone formation to provide eruption motive force. EZI is a candidate 

molecule under the control of PTH1R signaling in modulating alveolar bone growth, providing a potential 

therapeutic target to mediate motive force during tooth eruption. 
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As one important supportive tissue, bone has special capacity of resistance and adaptiveness to 

mechanical loading from body weight or daily activities. More than hundred and eighty years ago, 

German surgeon Julius Wolff published his famous “Wolff Law”, which suggested mechanical 

stimulation can enhance bone formation [1]. In the past two decades, osteocytes are gradually considered 

from a “passive placeholder” to be the main participator in the bone mechanotransduction [2]. However, 

it is still not fully understood about the regulators in the process of osteocyte mechanotransduction. 

Kindlin-2 belongs to Kindlin family, which is of great importance for integrin-mediated focal adhesion 

signaling pathway [3]. Kindlin-2 connects cellular cytoskeleton and extracellular matrix through direct 

and indirect interactions with integrins, integrin-associated proteins and actin cytoskeleton [4]. Because 

integrin signaling pathway is highly related to mechanotransduction, it is hypothesized that Kindlin-2 is 

required in osteocytes for bone mechanotranduction. 

In order to examine the functions of Kindlin-2 in osteocyte mechanotransduction, this study used both in 

vitro and in vivo approaches to study the response of osteocytes to mechanical loading. On one hand, 

taking advantages of Cre/LoxP system, conditional knock-out (CKO) of Kindlin-2 in osteocytes was 

achieved in transgenic mice. These CKO mice showed comparative body weight and long bone length 

with their control littermates. However, micro-CT scan revealed that CKO mice displayed a severe 

osteopenic phenotype throughout life. Moreover, compared with control littermates, CKO mice showed 

slower bone formation rate in response to mechanical stimulation in an ulna loading mouse model. 

Together, these in vivo data suggest that Kindlin-2 is of importance for bone formation, especially for 

mechanical loading-induced bone formation. On the other hand, deletion of Kindlin-2 in osteocyte-like 

cell line MLO-Y4 cells through CRASP/Cas9 technique revealed defects in integrin-activation, cell 

spreading and cell attachment. In addition, compared with WT cells, KO cells expressed higher bone 

resorption markers and lower bone formation markers after in vitro shear-stress loading. Taken together, 

these data suggest that Kinlin-2 is required in osteocytes for proper responses during mechanical loading-

related bone formation. 
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Mechanical loading such as fluid shear stress (FSS) has been regarded as the main factor of regulating the 

biological response of bone cells. The previous studies in our lab have demonstrated that gradient fluid 

shear stress (GFSS) field was constructed by using cone-plate flow chamber technology (Fig. A), in 

which the flow direction is circumferential and low level FSS is found in the center region of circle 

substrate. After RAW264.7 osteoclast precursors were exposed to this GFSS field for 40 min, it is found 

that the cells migrated along the radical direction toward the low FSS region, obviously deviating from 

the direction of actual fluid flow. In order to explain this phenomenon of FSS gradient-dependent 

migration, a hyperelastic multicellular model under GFSS was constructed, in which three cells located 

along radical direction. Finite element analysis was performed to analyze the FSS on the cell surface. The 

surface of each cell was divided into two sectors with 45 degree along the FSS gradient, i.e. the sector far 

from the center (SFC) and the sector near the center (SNC). The calculated wall FSS displayed a linear 

relation with the distance, ranging from 0.05 Pa to 0.45 Pa, and the fitted gradient is 0.04 Pa/mm. The 

computational results indicate that the average FSS of each cell model at the part SFC is slightly greater 

than the part SNC, as shown in Fig. B. We conclude that the difference of local FSS on cell surface under 

GFSS field is the fundamental reason for the migration of osteoclast precursors toward low FSS region. 

We are assuming that Piezo 1/2, the newly discovered mechanosensitive ion channels, might sense the 

difference of FSS in the different parts and then adjust its conformation so as to result in a gradient 

change of intracellular calcium concentration and finally lead to the cell migration toward low FSS region. 

 
Figure. Finite element analysis of cells in a cone-plate flow camber. (A) The schematic figure of cone-

plate flow chamber (a1) and the wall FSS distribution on the bottom (a2) and on the cell surface from top 

view (a3) and side view (a4), respectively. (B) Wall FSS results on the bottom (b1) and on the cell surface 

(b2), respectively.  
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Objective: In this study, the permeability to different molecular weight substances of intact Calcified 

Cartilage Zone (CCZ) in live mice was explored. 

Methods: 1. Development of CCZ in mice: Histological observation of knee joint in Balb/c mice aged 

from 1 to 8 months. The thickness of cartilage and CCZ in mature mice was measured; 2. Fixing device: 

“L” stainless steel plate was equipped with two universal manipulators, of which one was for fixing the 

leg of mice and the other one was for fixing the plastic petri dish with hole. When the mouse was 

anesthetized, its femoral condyle was exposed and through the Petri dish pore, so that the cartilage could 

dip in substances to be detected (Fig. 1); 3. Instant fluorescence observation without decalcification: After 

the specimens were fluorescent stained, freeze-dried for 12 hours, plastics embedded overnight, cut, 

grinded with sandpaper and observation by confocal microscopy, the distribution of fluorescence 

indicators could be identified; 4. Materials and grouping: According to the developmental characteristics 

of mouse CCZ, the mice were divided into CCZ group (6-months old) and non-CCZ group (1-month old). 

The permeability of rhodamine B (467Da) and TRITC-Dextran (20kDa) was investigated. 84 mice were 

randomly divided into four groups: A. CCZ + rhodamine B; B. CCZ + TRITC-Dextran; C. Non- CCZ + 

rhodamine B; D. Non- CCZ + TRITC-Dextran, 7 time points in each group: 0 min (blank), 1 mim, 15 min, 

30 min, 1 h, 2 h, 72 h (in vitro, positive control); 5. Observation of permeability of CCZ in vivo: 0.1% 

TRITC-Dextran and 0.1% Rhodamine B were used as fluorescent indicators. The femoral condyles were 

removed at corresponding time points for instant fluorescence observation without decalcification. Data 

was analyzed by GraphPad Prism 6. 

Results: In vivo, TRITC-Dextran and Rhodamine B in the CCZ group could rapidly diffuse in the whole 

cartilage layer to the Tidemark, but did not cross the CCZ (up to 2 hours) (fig.1; fig.2); In the non-CCZ 

group, the two fluorescent substances gradually permeated from cartilage to subchondral bone without 

obvious blockage boundaries (fig.3; fig.4). After 72 hours of staining, the femoral condyle in CCZ group, 

fluorescent substances distributed in cartilage and subchondral bone but could be hardly detected in the 

CCZ; in the non-CCZ layer group, all the osteochondral zones were stained. 

Conclusion: The mature and intact CCZ blocked rhodamine B (467Da) and TRITC-Dextran (20kDa) 

distribution; Without CCZ, the barrier between cartilage and subchondral bone was lost, which indicates 

that Calcified Cartilage Zone can block the osteochondral substances exchange. 

 

fig.1                               fig.2                              fig.3                                fig.4   
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Bone remodelling includes consecutive bone resorption and bone formation, and such processes are 

coordinated by bone-resorbing osteoclasts and bone-forming osteoblasts. Increased oxidative stress 

associated with menopause and ageing disrupts the balance of bone remodelling cycle and leads to 

osteoporosis1. It has been reported that Ginkgo biloba extract (GBE) exerts protective properties by reducing 

reactive oxygen species (ROS) in many tissues. Besides, GBE promoted osteogenic differentiation of 

mesenchymal stem cells (MSCs) and to prevent osteoblasts from apoptosis2,3 as well as repressed osteoclast 

activity in culture4. However, whether GBE prevents osteoporosis in vivo is still controversial3,4. Moreover, 

the potential effective component of GBE remains obscure. The purpose of this study is to elucidate the 

effective component of GBE and to investigate the therapeutic potential of such component in an in a 

murine model of osteoporosis. One of the GBE components, GBE-X, significantly promotes osteogenesis 

and represses osteoclastogenesis (Figure 1). GBE-X decreased ROS production in MSCs, osteoblasts, 

macrophages and osteoclasts (Figure 2). Oral delivery of GBE-X increased bone mineral density in OVX 

mice (Figure 3). Clinically, anti-osteoporotic medications are either stimulating bone formation or inhibiting 

bone resorption.  Anti-resorption therapy of osteoporosis attenuates bone resorption by targeting osteoclasts, 

which might also affect bone formation result in dysregulation of a microarchitecture of bone, as is in the 

case of long-term bisphosphonate treatment, which may cause an atypical fracture. GBE-X reduces bone 

resorption by inhibiting osteoclasts and increases bone formation by activating osteoblasts at the same time. 

Such dual-effect may be due to the scavenging of ROS.  
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Introduction: Normal function maintainence and self-renewal of tissues/organs depend on proper 

microenvironments in human body [1]. Facing the increasing bone diseases as the population aging, it is 

fascinating to develop bioactive materials with biomimicry features [1]. Herein, this work aims to develop 

a kind of injectable materials with bone-mimicking compositions and structures [2]. In vitro evaluation 

indicated that the developed injectable materials were able not only to effectively recruit stem cells, but 

also to promote stem cell osteogenesis in the absence of growth factors. After that, the injectable 

materials were then composited with inert LARs artificial ligament used at clinical level, which were then 

implanted in a rabbit extra-articular model for bone regeneration evaluation.  

Methods: Injectable materials were composited with LARs artificial ligament through an infiltration 

approach, followed by consolidation in situ. The resulting composite ligaments were studied by SEM, 

TEM, XRD and water contact characterization. Materials were incubated with rabbit bone-derived stem 

cells for cell attachment, proliferation, differentiation study. The osteogenic ability of the materials was 

evaluated by injection of the materials under rat skin or the implantation of the composite ligaments in 

rabbit extra-articular model, followed by micro-CT imaging and immunofluorescence analysis. 

Results: Introducing the injectable materials into LARs ligaments greatly improved their aqueous affinity, 

and accelerated biomineralization process. In vitro biological experiments showed that injectable 

materials can significantly promote stem cell osteogenic differentiation via up-regulate multiple 

osteogenic signaling pathways in stem cells. In vivo study indicated that the injectable materials were 

able to induce ectopic bone formation under rat skin at month 3. Meanwhile, the injectable materials can 

also effectively promote osteointegration between the artificial ligament and bone by forming new bone 

around and inside the LARs ligament at the rabbit extra-articular sites up to 5.5 months. 

 

Figure 1: Bone regeneration evaluation: (a) Ectopic bone formation of the injectable materials under rat skin at 

month 3, (b) orthotopic ossification of the composite ligaments in rabbit tibia extra-articular model at 5.5 months. 

Conclusion: A facile way was developed for fabrication of injectable materials with good osteogenic 

ability. The introduction of the injectable materials can effectively enhance the osteo-integration of an 

artificial ligament with bone tissue via forming new bone at both the ligament’s periphery and inner. This 

study may offer an insight for designing new injectable materials with high bioactivity for bone-related 

tissue regeneration. 
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The early molar development is crucial for the proper morphogenesis and function of the molar in its 

following development. The sequential interactions between the mesenchymal cells derived from cranial 

neural crest and the stomadial epithelium has been widely studied. However, the intraepithelial 

interactions and its cellular processes remain relatively unexplored. Fibroblast Growth Factor 8 (Fgf8), 

which has already been shown to be one of the first markers in the dental epithelium during the early 

tooth development, is found to be involved in early molar positioning and furnish the dental epithelial 

cells for tooth development. In order to investigate the intraepithelial interactions and its cellular 

processes which drive the proper positioning and morphogenesis during early molar development, lineage 

tracing and time-lapse confocal live imaging was used. We first found that Fgf8-expressing cells were 

organized in a centripetal orientation, like a large rosette structure. Fgf8-expressing dental epithelial cells 

could migrate anteriorly to the dental lamina initiation site. The inhibition of cell migration caused the 

arrest of molar formation. Furthermore, we investigated the signaling mechanism which regulates this 

process of cell migration. By inhibiting Fgf and Shh signaling in vitro and genetic ablation of Fgf8 and 

the Shh receptor Smo, the changes in morphology and manners of cell migration showed that Fgf 

signaling functions to increase the cell motility while Shh works as a guidance signal for migratory cells. 

Taken together, Fgf and Shh signalings function together in regulating the dental epithelial cell migration 

which plays an important role in proper positioning and morphogenesis of the molar development. 
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Osteoclasts are one of the keys to bone remodeling. Whether force influences osteoclasts’ fate is unclear. 

Studies involving the fate of osteoclasts have been limited due to a lack of available models to fully 

visualize their short life span in vivo. According to traditional theory, orthodontic force induced alveolar 

bone resorption in the pressure area and deposition in the tension area during orthodontic tooth movement 

(OTM). However, the appearance of osteoclasts in the tension area has rarely been mentioned. In this 

study, we found an attractive phenomenon that orthodontic force induced transient activation of 

osteoclasts in the tension area. The life span of osteoclasts is controlled by their formation and clearance. 

According to our observations, the periodontal ligament (PDL)-secreted receptor activator of NF-κB 

ligand (RANKL) activated osteoclasts instantly after the force was applied in the tension area. Moreover, 

considerable apoptosis of osteoclasts, combined with low expression of RANKL, was the critical inducer 

of a sharp drop in osteoclasts beginning on day 5 in the tension area. Notably, TNF family member Fas 

ligand (FasL) positive osteoclasts increased during the period that osteoclasts were cleared. Furthermore, 

local injection of neutralizing anti-FasL monoclonal IgG (MFL3) inhibited osteoclastic apoptosis. In 

conclusion, this study for the first time uncovered the orthodontic force-induced rapid shift from bone 

demineralization to mineralization through transient activation of osteoclasts in the tension area, 

optimizing the spatial-temporal sequence of early alveolar bone remodeling during OTM. In addition, 

force regulated osteoclasts’ turnover in bone remodeling. Furthermore, this study provided an appropriate 

model to fully visualize the life span of osteoclasts from formation to clearance in vivo. 

 
Figure 1. Transient activation of osteoclasts in the tension area. (A) TRAP staining showed osteoclasts in the pressure area and the tension area at 
different orthodontic time points. Black triangle marked TRAP+ multi-nucleated osteoclasts. (B) Number of TRAP+ osteoclasts. 
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Introduction: Fetal tissue usually heals in a scar-less manner. Our study makes use of bioreactor 

expended human fetal mesenchymal stem cell (FMSC) to produce MSC secretome (HFS) in large scale. 

We prove the promoting effect of HFS encapsulated poly (lactic-co-glycolic acid) particle (HEP) particle 

on the healing of diabetic skin wound which is considered as a refractory defect in clinical.  

Methods: FMSC were seeded on collagen-coated polystyrene microcarrier in the ratio of one million 

cells/30g carriers in the bioreactor. Upon collection of HFS, cultures were incubated with serum-free 

medium for 24hrs. Collected medium was filtered with 70μm cell strainer (Falcon) and removed the cell 

debris by centrifugation. The supernatant was subjected to lyophilization. Alamar blue (Invitrogen) was 

used to test cell viability. Scratch assay and co-culture insertion (BD Bioscience) was used to test cell 

migration ability. Furthermore, fibroblast populated collagen lattice (FPCL) model and organotypic 

keratinocyte-fibroblast co-culture (OKC) system were used to test the effect of HEP in vitro. For in vivo 

study, we employed streptozotocin-induced diabetes model in rat and created a full thickness defect on rat 

back skin.  

Results: FMSC is mixed with microcarrier and cultured under stirring within bioreactor for 14days. 

Alamar blue test shows that 50ng/mL HFS promote human fibroblast and keratinocyte viability (n=3, 

P<0.05). HFS also promote cell migration of two types of human cells, fibroblast, and keratinocyte, after 

treatment for 3days (n=3, P<0.05). Simultaneously, HFS prohibit FPCL contraction and promote 

keratinocyte differentiation in the OKC model after 7days treatment (n=3, P<0.05). Then HFS was 

encapsulated in PLGA particle by double emulation method. ELSA data shows that HFS contains PDGF-

BB. The promoting effect has also been observed on the diabetic rat model (n=6, P<0.05). HFS also 

contains long non-coding RNA H19 which may contribute to skin healing.  

Conclusions: In summary, HEP may slow release encapsulated HFS to promote skin defect healing on 

the diabetic rat model. PDGF-BB and H19 may contribute to the efficacy of HEP. 

 
 

 

Figure 1: A, Schematic presentation of bioreactor 

culture; B, LIVE & DEAD staining of HEP in 

bioreactor for 14 days; C, SEM picture of PLGA 

particle; D, BCA test of whole protein release curve of 

HEP; E, ELISA result of highly expression of PDGF-

BB in HFS; F, qPCR results of highly expression of 

H19 in FMSC. G, HFS promote scratch closure of 

human keratinocyte in vitro.  
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AUTOLOGOUS FREEZE-DRIED PLATELET-RICH PLASMA CARRYING ICARIIN 

ENHANCES BONE-TENDON HEALING IN A RABBIT MODEL 

Can Chen1,2, Yang Chen1,2, Jianzhong Hu1,3*, Hongbin Lu1,2*. 

1Xiangya Hospital-International Chinese Musculoskeletal Research Society Sports Medicine Research Centre, 

China, 2Department of Sports Medicine, Xiangya Hospital, Central South University, China, 3Department of Spine 

Surgery, Xiangya Hospital, Central South University, China. 

 

Background: Tendon-bone interface (TBI) injuries are common in sports activities. Owing to the limited 

regenerative ability of TBI, its functional healing remains a difficulty in clinic. Icariin (ICA) has a strong 

stimulation for osteogenesis. Platelet-rich plasma (PRP) can be used as carrier for bioactive molecules, 

while its sustained-release ability for molecules still needs improvement. 

Hypothesis: Freeze-dried PRP (FD-PRP) as a carrier for ICA can sustainably release ICA into the tendon-

bone (T-B) healing site, thus accelerating T-B healing. 

Methods: A total of 84 New Zealand rabbits with partial patellectomy in the hindlimb were randomly 

allocated into three different treatments: ICA incorporated with FD-PRP (ICA/FD-PRP), FD-PRP alone 

(FD-PRP), or saline (CTL). The rabbit patella patellar-tendon (PP) interfaces were postoperatively 

harvested at postoperative week 8 or 16 for gross, radiological, histological and mechanical evaluations. 

Results: Macroscopically, no signs of infection and osteoarthritis were showed in the regenerated PP 

interfaces, and the area of cartilaginous metaplasia (CM) region in the FD-PRP and ICA/FD-PRP groups 

at postoperative week 16 was significantly larger than that of the CTL group (P<0.05 for all). 

Radiologically, micro-computed tomography showed that new bone formed at the healing site in the 

ICA/FD-PRP group was significantly increased, remodeled and mineralized in comparison with the CTL 

group (P<0.05 for all). Histologically, ICA/FD-PRP group exhibited a significantly native PP interface, as 

shown by the enlargement and remodeling of new bone, well-organized collagen fibers and robust 

production of proteoglycans in the regenerated fibrocartilage. The mechanical strength of the regenerated 

PP interface was significantly improved in the ICA/FD-PRP group. Significantly higher failure load and 

stiffness were showed in the ICA/FD-PRP group compared with the CTL or FD-PRP groups, respectively 

(P<0.05 for all). 

Conclusion: FD-PRP is a suitable sustained-release carrier for ICA, and ICA/FD-PRP can sustainably 

release ICA into the T-B healing site, thus effectively accelerating T-B healing. 

 

  
Figure 1. Animal Model and Surgery and determination 

of ICA release from ICA/FD-PRP in-vitro 

Figure 2. The regenerated fibrocartilage as shown in TB-

stained sections. 
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FGFR3 DEFICIENCY ENHANCES SDF-1-DEPENDENT CHEMOTAXIS OF 

MACROPHAGES AND AGGRAVATES SYNOVIAL JOINT DESTRUCTION 

Liang Kuang1, Jiangyi Wu2, Nan Su1, Huabing Qi1, Hangang Chen1, Qiaoyan Tan1, Junjie Ouyang1, Bin Zhang1, 

Siru Zhou3, Yan Xiong4, Xiaolan Du1, Yangli Xie1*, Zhenhong Ni1*, Lin Chen1* 
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Daping Hospital, Army Medical University, Chongqing, China, 2 Center of Joint Surgery, Southwest Hospital, 
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Purpose: Fibroblast growth factor receptor 3 (FGFR3) plays an important role in skeletal development 

and adult homeostasis. We recently reported that FGFR3 signaling played a protective role in articular 

cartilage of osteoarthritis. However, its role in inflammatory regulation is little known. This study was 

undertaken to investigate the role and mechanisms of FGFR3 in the pathogenesis of surgery and aging 

induced synovial joint destruction in mice. 

Methods: We generated mice with FGFR3 deficiency in myeloid cells by crossing FGFR3flox/flox mice 

with LysMCre mice (FGFR3flox/flox-LysMCre mice, R3cKO), FGFR3flox/flox mice were use as control. Gait 

behaviors of the mice were monitored at different ages (3,6,9 and 13 months). Spontaneous synovial joint 

destruction was evaluated by digital radiography imaging and μCT analysis, changes of articular cartilage 

and synovitis were determined by Safranin-O/Fast Green and H&E staining respectively. The recruitment 

of macrophages in the synovium was examined by immunohistochemical staining (IHC). To further 

reveal the role of FGFR3 in macrophage, RNA-seq analysis was performed on R3cKO and control 

macrophages, followed by KEGG pathways and GO functional enrichment analysis. The effect of FGFR3 

on chemotaxis of macrophage was evaluated by SDF-1 induced transwell assay. The mechanisms were 

further determined by western blot analysis. 

Results: R3cKO mice developed spontaneous OA-like abnormity in synovial joints at the age of 13 

months compared to age matched controls, which were indicated by visible gait abnormality, ectopic 

bone formation in multiple synovial joints (knee/shoulder/ankle/hip) and obvious malformation in the 

knee joints. OARSI scoring showed that the articular cartilage was severely destructed in the knee joints 

of 13-month R3cKO mice. Moreover, obvious synovitis was observed in 9-month R3cKO mice when 

articular cartilage was not grossly destructed. FGFR3 deficiency in macrophage also aggravated joint 

destruction in DMM-induced OA mice model. Synovial tissues of both 9-month R3cKO mice and FGFR3 

global knockout mice (R3-/-) had increased aggregation of macrophages (F4/80 positive) determined by 

IHC staining. RNA-seq results showed that immunoregulation related genes were significantly 

differentially expressed. In addition, Cytokine-cytokine receptor interaction pathway in the KEGG 

analysis was significantly enriched. SDF-1 induced macrophage migration was enhanced in response to 

FGFR3 deficiency in vitro and the underlying mechanism may be associated with the activation of 

Hif1α/NF-κB signaling pathway. 

Conclusions: Our study indicate that FGFR3 deficiency in macrophages promotes the recruitment of 

macrophages in synovium and exacerbates the synovitis as well as cartilage destruction partly through 

activation of Hif1α/NF-κB signaling pathway. 
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FINITE ELEMENT ANALYSIS FOR MEMBRANE TENSILE STRAIN IN 

MYOBLASTS UNDER CYCLIC COMPRESSIVE STRESS 

He Wang1, Yifei Yao, Ph.D.1 * 
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Keywords: Membrane Tensile strain, Finite Element Modeling, Cyclic Compressive Stress, Myoblast. 

Deep tissue injury is a severe kind of pressure ulcers formed by sustained deformation of muscle 

tissues over bony prominences [1]. It is important to provide a preventive approach to help muscle cells 

from being damaged by compressive stress. In previous study, cyclic compressive stimulation was found 

to strengthen muscle cells against compressive damage [2]. To explore the biomechanics of muscle cell 

under cyclic compressive loading, we presented a finite element analysis of how cyclic compressive stress 

affected the cell membrane tensile strain in C2C12 myoblasts. We hypothesized that cyclic compressive 

stress could reduce the maximal and average tensile strain  on the cell membrane compared to the static 

compressive loading with the same average compressive stress. A confocal-based cell-specific FE model 

[3] was built to study the tensile strain on cell membrane under cyclic compressive stress and static 

compressive stress. Cyclic compressive stress applied on the top surface of cell was set at 1 Hz sinusoidal 

function with amplitude 50 Pa based on 100 Pa compressive stress. Static compressive stress was set as 

100 Pa. Nucleus, apical and basal stress fibers as well as actin cortex–membrane were considered as 

homogeneous and isotropic elastic material. cytoplasm and actin cortex–membrane were considered as 

viscoelastic materials. The results showed that the average membrane tensile strain in myoblasts under 

100 Pa static compressive stress was 3.08 %. The average membrane tensile strain in myoblasts under 

cyclic compressive stress was 1.84 %. Cyclic compressive stress could reduce the cell membrane tensile 

strain compared to the static loading. Cell membrane tensile strain is related with cell damage under 

mechanical loading [3, 4]. This model could describe the extent of myoblasts damaged using average 

membrane tensile strain in myoblasts under cyclic and static compression.  Cyclic compressive stress 

could decrease membrane tensile strain thus lower the cell damage risks which might be contributed by 

the viscoelastic property of cell. Cyclic mechanical stimulation might be the an intervention for 

prevention or rehabilitation of deep tissue injury by enhancing the capability of cells against compressive 

damage in clinic.  
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METFORMIN ATTENUATES CARTILAGE DEGENERATION IN AN 

EXPERIMENTAL OSTEOARTHRITIS MODEL BY REGULATING AMPK/MTOR 
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Background: It is generally thought that the occurrence and progression of osteoarthritis (OA) results 

from multiple causes, including degradation and destruction of cartilage matrix and aging of chondrocytes. 

Metformin is a first-line drug for the treatment of diabetes, and has great potential for the treatment of 

other disorders. However, the role of metformin in OA is unknown. 

Methods: The effects of metformin on cartilage degradation and chondrocyte aging was determined in 

the destabilization of the medial meniscus (DMM)-induced OA mouse model and in IL-1β-treated mouse 

chondrocytes and cartilage explants. Articular cartilage degeneration was graded using the Osteoarthritis 

Research Society International (OARSI) criteria. Immunostaining, RT-PCR, and western blot analyses 

were conducted to detect the relative expressions of protein and RNA. 

Results: Metformin displayed a protective effect against OA. There were lower OARSI scores and fewer 

MMP-13-positive cells in DMM mice and cartilage explants after treatment with metformin. In addition, 

metformin treatment decreased p16INK4a levels in OA chondrocytes, and enhanced polarization of 

AMPK and inhibition of mTORC1 in OA mice and chondrocytes in a dose-dependent manner.  

Conclusions: Metformin effectively alleviated cartilage degradation and aging through regulation of the 

AMPK/mTOR signaling pathways, suggesting that it could be an effective treatment for OA. 
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Osteosarcoma, the second highest cause of cancer-related death in children and adolescents, is featured as 

frequent lung metastasis, pathologic bone destruction and poor prognosis. β-phenylethyl isothiocyanate 

(PEITC) is one of the most widely studied isothiocyanates, Although accumulative studies have shown 

that PEITC has the potential for chemoprevention and chemotherapy, among many cancers, there is 

limited research on its molecular mechanism of anti-osteosarcoma. In this study, we comprehensively 

studied the effects of PEITC on osteosarcoma both in vivo and in vitro. The results showed that PEITC 

reduced the viability of osteosarcoma cells, inhibited cell proliferation, caused G2/M cell cycle arrest, 

induced GSH depletion and ROS accumulation, altered iron metabolism, activated MAPKs signaling 

pathway and further triggered multiple forms of programmed cell death, mainly ferroptosis, apoptosis, 

autophagy, and necropotosis. In addition, PEITC delayed tumor growth in both the orthotopic 

osteosarcoma mouse model and subcutaneous xenograft mouse model. Consistently, multiple cell death 

processes were initiated, iron metabolism was altered and MAPKs  signaling pathway was activated in 

PEITC administrated osteosarcoma mice. This study showed that PEITC induced ferroptosis, apoptosis, 

autophagy, and necropotosis in osteosarcoma cells both in vivo and in vitro by activating ROS-related 

MAPKs signaling pathway. Therefore, PEITC has promising anti-osteosarcoma activity, further 

clarifying the molecular mechanism based on redox signal and providing light on redox-based therapies 

for cancer treatment.  
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Severe thrombocytopenia is a significant challenge in patients undergoing myelosuppressive 

chemotherapy for malignancies. Circulating blood platelets are specialized cells that prevent bleeding and 

minimize blood vessel injury. Large progenitor cells in the bone marrow (BM) called megakaryocyte 

(MK) are the source of platelets. Megakaryopoiesis is the process by which mature MK are derived from 

pluripotent hematopoietic stem cells (HSCs) in the BM microenvironment. Because platelets are essential 

for hemostasis, morbidity and mortality from bleeding due to moderate to severe thrombocytopenia is a 

major problem facing patients with chemotherapy-induced thrombocytopenia (CIT), immune 

thrombocytopenia (ITP), and hepatitis C-related thrombocytopenia. Understanding the biology of 

platelet-producing megakaryocytes development in the bone marrow microenvironment may facilitate the 

development of novel therapies to stimulate platelet production and prevent thrombocytepenia. We report 

here that osteoblasts supported megakaryopoiesis by secreting interleukin-9 (IL-9), which stimulated IL-9 

receptor (IL-9R)/Stat3 signaling in promoting megakaryopoiesis. IL-9 production in osteoblasts was 

negatively regulated by the mechanistic target of rapamycin complex 1 (mTORC1) signaling in a NF-κB -

dependent manner. Constitutive activation of mTORC1 inhibited IL-9 production in osteoblasts and 

suppressed megakaryocytic cells expansion, while mTORC1 inactivation increased IL-9 production and 

enhanced megakaryocyte and platelet numbers in mice. In mouse models we showed that IL-9 

administration stimulated megakaryopoiesis, while neutralizing endogenous IL-9 or IL-9R depletion 

inhibited the process. Importantly, we found that low doses of IL-9 efficiently prevented chemotherapy-

induced thrombocytopenia (CIT) and accelerated platelet recovery after CIT. These data indicate that IL-

9 is an essential regulator of megakaryopoiesis and a promising therapeutic agent for treatment of 

thrombocytopenia such as CIT.  

 
Xiao M , Wang Y, Tao C, Wang Z, Yang J, Chen Z, Zou Z, Li M, Liu A, Jia C, Huang B, Yan B, Lai P, Ding C, Cai 

D, Xiao G, Jiang Y, Bai X. Osteoblasts support megakaryopoiesis through production of interleukin-9. Blood. 129 

(24): 3196-3209. 
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Aims: Glucocorticoid induced osteoporosis(GIO) as the commom secondary osteoporosis in clinic,it’s 

nosogenesis associate with mitochondrial oxidative stress which was triggered by reactive oxygen 

species(ROS). Thioredoxin-interacting protein(TXNIP) play a key role to regulate ROS and it might take 

part in the nosogenesis of GIO by oxidative phosphorylation pathway, which will afford a new method to 

research GIO.  

Methods: We generated Spurgry Dalley rat model of GIO and confirmed the model was success with 

bone three-dimentional metrology, bone biomechanics as well as bone morphology. Then,we measure the 

expression level of TXNIP in the serum by ELISA and the expression level in bone by Western Blot. 

Meanwhile, we tested the expression level of protein(Ndufs3、SDHD、 Cyt B、COX IV、ATPB) 

which associate with mitochondrial oxidative phosphorylation(MOP) pathway by Simple Western Blot 

and observed the morphology of mitochondria in osteocyte by transmission electron microscope. 

Furthermore,we generated mice model which knocked out the TXNIP gene and treat with intragastric 

injection by glucocorticoid. After that we detected proteomics of bone in mice by iTRAQ method and 

analysed the different proteins between different groups ,then proved the expression level of proteins 

correlated with MOPP by Simple Western Blot.  

Results: Compare with the control group, the serum level of TXNIP in GIO rats were increased also the 

outcome of Western Blot ascended. However, proteins located in MOP pathway were obviously inhibited 

and morphology of osteocyte mitochondria showed that the number of mitochondria were decreased even 

emerged vacuole and oedema. On the other hand, TXNIP KO mice compare with Wild Type mice，the 

proteomics demonstrated that proteins related to MOPP were down regulated as well as the result of 

Simple Western Blot was low expression too; TXNIP KO mice was managed by glucocorticoid compared 

with the TXNIP KO mice without treated, the proteins associated with MOP pathway was little difference 

which suggesting that TXNIP play a critical role in MOPP.  

Conclusions: TXNIP play a significant role in GIO and resulting in loss of bone mass by mitochondrial 

oxidative phosphorylation pathway.                  
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Achieving a natural kinematics with deep flexion and overall more normal performance of the TKR knee 

joint is the ultimate goal of all knee implant designs. It has been known that around 20% of patients are 

not satisfied with the results of TKR. Patient-specific knee prosthesis has come to be a hot research topic 

in the recent years, which could improve the coverage between bone and implant, and the contact 

mechanics between implant components through mimic the anatomical structure of femoral condyle. 

However, it is still question-able of kinematics and long-term performance due to the change of material 

compare to the normal knee joint. The detailed workflow of design and process of knee prosthesis was 

shown in the Fig.1. Firstly, a set of CT data from osteoarthritis patient was used to create the 3D model of 

knee joint and the bone resection contour were extorted by Python script. Secondary, anatomical analysis 

of health knee based on CT data was conducted to understand the anatomical characteristics. Then, the 

sagittal and coronal functional curves of femoral component were created based on the intact femoral 

condylar with the mapping of patient data. Thirdly, an in-vivo experimental evaluated subject-specific 

finite element musculoskeletal (FE-MS) model was used to implement the kinematics and contact 

mechanics analysis of normal knee joint. The kinematic pattern was settled as the guide line of prosthesis 

design. Finally, a patient-specific knee prosthesis design was designed based on the patient data and the 

concept of surface-guided for deep flexion and natural kinematics. The preclinical testing which include 

the kinematics, contact mechanics, and soft tissue balance was performed on subject-specific FE-MS 

model. The entire workflow took 7 days from implant design to finish the manufacturing of the prosthesis. 

For the kinematic performance, the medial pivot motion was found during the stance phase of the gait 

cycle and deep squatting, which was consistent with the results from normal knee joint. There is no 

anterior translation observed during stand phase of gait. The averaged contact area on the medial side of 

tibial insert component is around 600 mm2 during the stance phase of the gait cycle, while that on the 

lateral side is around 110 mm2, which is twice larger than the commercial designs. In the authors’ 

knowledge, this is the first custom-made knee prosthesis that could both consider the patient-specific 

difference and biomechanics performance with concurrent custom-preclinical evaluation. 
 

 

Fig.1. The workflow of patient-specific knee prosthesis design with normal knee joint kinematic 
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Our research is focused on implementing hydroxyapatite phosphate scaffolds used in perfusion 

bioreactors to maintain hematopoietic stem cell populations and to control their differentiation towards 

the various hematopoietic lineages. Hemangioblasts, which are bi-potential angio-hematopoietic stem 

cells, are known to give rise to both hematopoietic stem cells and endothelial cells. In our previous work 

we have developed three-dimensional scaffolds that mimic the structure and chemistry of the trabecular 

bone in human. These calcium phosphate scaffolds mimic the micro-environment of the endosteal niche 

in which hematopoietic stem cells, osteoblasts, stromal cells, and endothelial cells reside. These calcium 

phosphate scaffolds have been designed to release calcium into the vicinity of the scaffold’s surface. In 

the perfusion-bioreactor culture, these scaffolds promoted the differentiation of bone marrow-derived 

hematopoietic stem cells. We hypothesized that under these specific culture conditions other cell types 

with a potential hemangioblast character can be induced towards hematopoietic lineages as well. 

Therefore, we investigated whether human umbilical vein endothelial cells (HUVECs) have 

hematopoietic potential when cultured under these inducible conditions. In fact, when HUVECs were 

cultured under these inducible conditions, surface marker expression analyses by flow cytometry  

demonstrated an increased number of cells positive for mature hematopoietic markers such as CD45, Lin, 

and CD235a. Conclusively, our data indicate that our culture model using calcium-rich hydroxyapatite 

phosphate scaffolds in perfusion bioreactors provides a general hematopoietic inducible 

microenvironment.  

 

 
 

Figure 1. In vitro behavior of the Calcium-Rich Hydroxyapatite Scaffolds. (A) X-ray outcome of porous scaffold. 

(B) 3D-rebuild images of scaffold μ-CT; (C) Ca2+ concentration in culture medium during 42 days (D) CD34, 

CD45, vWF and CD31 gene expression relative to day 0 on day 42 and (E) FACs analysis of hematopoietic lineage 

markers CD45, CD235a, Lin at day 42. *p < 0.05, **p<0.01. 
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Intervertebral disc degeneration (IVDD) has always been considered as the paramount etiology of low 

back pain. However, the precise mechanisms underlying the occurrence and development of IVDD 

remain controversial. Accumulating evidence has demonstrated that dysregulation of the function and 

quantity of nucleus pulposus cells accounts for the initiation of IVDD. Nevertheless, no satisfactory 

methods have yet been established to rescue the NPCs. Recently, many studies have indicated the 

presence of endogenous stem/progenitor cells in NP (NPSCs). It has been demonstrated that with the 

aging and degeneration, the frequency of NPSCs in NP tissues decrease markedly, indicating the 

exhaustion of NPSCs. Our group has also proved that apoptosis was responsible for compression-induced 

NPSCs death. However, whether there are other types of programmed cell death involved in 

compression-induced NPSCs death has not been elucidated. Necroptosis is a newly defined form of 

regulated necrosis. Whether necroptosis participated in compression-induced NPSCs death have not been 

defined. The heat shock protein 90 (HSP90), a wide-expressed molecular chaperone, was recently found 

to modulate the stability and function of RIPK1, RIPK3 and MLKL, and inhibiting HSP90 could reduce 

adverse stimuli-induced cell death. The specific role of HSP90 and its interaction with necroptosis has not 

been determined in compression-induced NPSCs death.  In the present study, we first explored the 

involvement of HSP90 and necroptosis in compression-induced death of NPSCs. Subsequently, we 

systematically investigated the specific mechanisms of how HSP90 participated in the process of NPSCs 

death. In addition, we also evaluated the efficacy of regulating the function of HSP90 in vivo. Our results 

demonstrated that the HSP90 expression level was elevated during compression, and necroptosis was 

involved in compression-induced NPSCs death. Inhibiting HSP90 could attenuate excessive compression-

induced NPSCs death, the mitochondria dysfunction and oxidative stress, the expression of inflammatory 

mediators and the collapse of the ultrastructure. Furthermore, inhibition of HSP90 could also prevent the 

apoptosis of NPSCs, and specific deletion of HSP90 by siRNA could also protect NPSCs from 

compression induced NPSCs death. Finally, the animal experiments also proved that Inhibiting HSP90 

alleviates compression-induced exhaustion of NPSCs in vivo. In conclusion, HSP90 plays pivotal roles in 

compression induced NPSCs death, and inhibiting HSP90 might be potential strategy for delaying or even 

blocking the IVDD process. 
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EFFECT OF VARUS ANGEL ON PROGRESSION OF OSTEOARTHRITIS AND 

CHANG OF SUBCHONDRAL BONE MICROSTRUCTURE 

X. Han, L. Wang, Z. He, L. Chu, K. Xie, X. Jiang, Q. Sun, S. Ai, H. Wu, T. Tang, M. Yan*, Z. Yu* 

Shanghai Key Laboratory of Orthopaedic Implants, Department of Orthopaedic Surgery, Shanghai Ninth People's 

Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200011 

 

Purpose: Most patients with osteoarthritis have varus knee deformities with the change of Hip-knee-

ankle (HKA) angle. The knee alignment influences load distribution at the tibial plateau. Meanwhile, 

change of subchondral bone microstruture is related to load bearing and osteoarthritis progression. 

However, the relationship between malalignment and the microstructural changes of subchondral bone 

has not yet been verified thoroughly. We aimed to investigate variation in medial tibial plateaus 

subchondral bone microstructure in knee osteoarthritis patients and their association with the severity of 

osteoarthritis with the change of varus angle. 

Methods: Tibial plateaus were collected from patients with end-stage knee osteoarthritis undergoing 

primary total knee arthroplasty (TKA). The varus angle (HKA angle) and Kellgren and Lawrence (K-L) 

grade was evaluated with full-leg standing posteroanterior radiographs. Tibial plateaus were divided into 

group A (varus angle≥10) and B (varus angle＜10) according to whether the varus angle is greater than or 

equal to 10 degrees. Tibial plateaus were scanned by micro-computed tomography to analyze subchondral 

bone microstructure. The differences in microstructural parameters between the two groups were 

analyzed by the independent samples t-test. Pearson and spearman correlations were used to examine 

relationships among microstructural parameters, varus angle and K-L grade. 

Results: Group A had higher bone volume fraction (p<0.05), trabecular number (p<0.05), connectivity 

density (p<0.01) and lower trabecular separation (p<0.01) than group B. In addition, varus angle was 

significantly positively correlated with bone volume fraction (r=0.71, p<0.01) and trabecular number 

(r=0.63, p<0.01), respectively, and negatively correlated with trabecular separation (r=-0.59, p<0.05). 

Furthermore, the varus angle was significantly positively correlated with K-L grade (R=0.58, p<0.05). 

Conclusions: Increasing varus angle lead to severe knee osteoarthritis and sclerosis of medial tibial 

plateau subchondral bone, suggesting that abnormal malalignment may promote abnormal subchondral 

bone remodeling by altering joint load distribution, thereby affecting the progression of osteoarthritis. 
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LRP1 FUNCTIONS AS AN INFLAMMATORY SUPPRESSOR IN BOTH THE 

OSTEOBLAST AND OSTEOCLAST LINEAGES DURING BONE HOMEOSTASIS 

Di Lu1, Jianshuang Li1, Huadie Liu1,2, Gabrielle E. Foxa1, Kevin Weaver1, Jie Li1,2, Bart O. Williams1, Tao Yang1,3 

1Program of Skeletal Disease and Tumor Metastasis, Center for Cancer and Cell Biology, Van Andel Research 

Institute, 333 Bostwick Ave. N.E., Grand Rapids, MI 49503 
2State Key Laboratory of Medical Genetics and School of Life Sciences, Central South University, Changsha, 

Hunan, 410078, P. R. China 

 

The identification of genetic locus associated with abnormal bone mass had greatly advanced our 

understanding of the mechanistic basis of bone remodeling and increased our repertoire to treat low bone 

mass. SNPs in the LRP1 (low-density-lipoprotein receptor–related protein 1) gene was found to 

associated with low bone mineral content and density1, providing a rationale to study the functions and 

mechanisms of LRP1 in bone homeostasis. LRP1 is a large transmembrane protein primarily known to 

mediate the clearance/endocytosis of lipoproteins and protease–protease inhibitor complexes 2,3. It is also 

involved in signaling transduction by modulating the availability of extracellular signaling ligands or 

receptors 4,5.  The low bone mass associated with LRP1 SNPs can be the consequence of aberrant 

activity/homeostasis of osteoblast lineage and/or osteoclast lineage, as well as the dysregulated 

communication between osteoblasts and osteoclasts. We recently found that LRP1 expression is 

decreased alone with the course of osteoclast differentiation. Also, osteoclast-expressed LRP1 lessens the 

efficiency of RANKL-induced osteoclastogenesis and bone resorption by inhibiting the activity of NFκB 

and p386, which are two essential pathways involved in the inflammatory responses7,8. This is in line with 

several findings in other contexts that LRP1 is a multifaceted inflammatory suppressor in other contexts 
9,10. In addition, previous in vitro studies by other groups showed that LRP1 plays a role in osteoblast 

proliferation11 and in strengthening the bone matrix12,13, etc. In addition, a recent report suggested that 

LRP1 regulates RANKL production in osteoblasts through modulating PDGF signaling14. To father 

understand the role of mesenchymal and osteoblast lineage-specific function of LRP1 in bone 

homeostasis, we generated conditional KO mouse and ex vitro models, and showed that LRP1 loss in the 

osteochondroprogenitors leads to severe limb development defects and low bone mass. Also, LRP1 loss 

in the committed osteoblasts causes a low bone mass phenotype with attenuated bone formation and 

elevated bone resorption. The mutant osteoblasts exhibit augmented NFkB signaling and over produce 

inflammatory cytokines, mimicking the inflammatory bone loss conditions. Overall, our studies suggest 

that LRP1 is an inflammatory suppressor in both the osteoblast and osteoclast lineages. This knowledge 

may be translated to novel therapies for treating inflammatory bone loss or other inflammatory diseases 

by modulating LRP1 expression or activity. 
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 APPLICATION OF ANTHROPOMETRIC DATA OF CHINESE KNEES FOR THE 

DEVELOPMENT OF PERSONALISED TOTAL KNEE REPLACEMENT PROSTHESIS 

Chun-Sing Chui1, Jiang-Hui Qin1, Du-Fang Shi1, Kwok-Sui Leung1, Wing-Hoi Cheung1 

1Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, China 

 

Currently, most total knee replacement prostheses (TKR) in the market are designed according to the 

sizes of Caucasians. However, extensive studies have indicated that anatomies of human are different 

across different ethnicities. A number of reports have indicated that Chinese TKR patients do not match 

with available prostheses.   

CT images of 52 knees were included for anthropometric measurements. Index measurements and 

geometric measurements were defined and used for correlation analysis. Key parameters from the 

measurement results were identified. Detailed geometries of knees were measured as coordinates. A 

deformable 3D knee model based on anatomical coordinates correlating the identified key parameters was 

thus resulted. Prosthesis was then designed according to the analyzed results (Fig.1). Surface matching 

analysis, bone resection analysis and cadaveric trials were conducted to validate the proposed design. 

The reconstructed femoral condylar surface was compared with the femoral condylar surface in the 

original CT scanning data. The average root-mean-square point-to-surface (PS) distances of the 

reconstructed femoral condylar surface among all data was 1.1±0.18 mm which was comparable to other 

statistical shape modeling methods. Femoral component designed by this study was resulted with the 

highest accuracy (RMS PS 1.108±0.20 mm) and the least amount of resected bone volume (28138 mm3) 

among the three identified products.  

There is a need in providing a Chinese population anthropometric based knee prosthesis for Chinese 

patients. Based on the Chinese population anthropometry, our new design can fit better in Chinese 

patients compared to the current commercial prosthesis, and provide similar biomechanical properties as 

normal knees. 

 
Fig.1 Anthropometric measurement and TKR prosthesis design 
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AHA1 UPREGULATES IDH1 AND METABOLIC ACTIVITY TO PROMOTE 

GROWTH AND METASTASIS AND PREDICTS PROGNOSIS IN OSTEOSARCOMA 
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Purpose: Osteosarcoma is the most common primary malignant bone tumor in children and adolescents. 

However, the mechanism underlying osteosarcoma tumorigenesis and progression remains largely 

unknown. In this study, we aimed to investigate the role of AHA1 in osteosarcoma progression and 

identify effective prognostic biomarkers for osteosarcoma patients. 

Methods: AHA1 expression was determined in osteosarcoma tissues and analyzed for the relationship 

with prognosis of osteosarcoma patients. The effect of AHA1 on osteosarcoma growth and metastasis was 

determined by gain and loss of function assays both in vitro and in vivo. The role of AHA1 in metabolism 

regulation and the mechanism were further studied. 

Results: We found that AHA1 is significantly overexpressed in osteosarcoma and high AHA1 expression 

is related to the poor prognosis of osteosarcoma patients. AHA1 knockdown reduced the growth and 

metastasis of osteosarcoma both in vitro and in vivo. Mechanistically, AHA1 upregulates the metabolic 

activity to meet cellular bioenergetic needs in osteosarcoma. Notably, we identified that isocitrate 

dehydrogenase 1 (IDH1) is a novel client protein of Hsp90-AHA1. Hsp90-AHA1 positively regulated the 

level of IDH1 through direct interaction. Furthermore, the IDH1 protein level was positively correlated 

with AHA1 in osteosarcoma tissues. And IDH1 overexpression could partially reverse the effect of 

AHA1 knockdown on cell growth and migration of osteosarcoma. Moreover, IDH1 was significantly 

upregulated in osteosarcoma and high IDH1 level was associated with poor prognosis of osteosarcoma 

patients. 

Conclusion: This study demonstrates that AHA1 positively regulates IDH1 and metabolic activity to 

promote osteosarcoma growth and metastasis, which provides novel prognostic biomarkers and promising 

therapeutic targets for osteosarcoma patients. 
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GENE EXPRESSION PROFILING AND IDENTIFICATION OF NFATC1 THROUGH 

METHYLATION-MEDIATED UNDER HYPOXIA IN MSC CHONDROGENIC 
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Keyword: Human mesenchymal stem cells (hMSCs), Gene microarray, Nuclear factor of activated T-

cells (NFAT), Hypoxia, DNA methylation 

Understanding the mechanisms that govern cell fate will lead to the development of techniques for the 

induction of human mesenchymal stem cell differentiation into desired cell outcomes and the production 

of an autologous source of tissue for regenerative medicine. We demonstrate that stem cells derived from 

adult bone marrow grown with 3D pellets take on characteristics similar to human cartilage. The NFAT 

signaling pathway is primarily linked to cell differentiation and influences chondrogenic differentiation. 

Firstly, we screened a microarray and identified 29 genes with altered expression, including 13 up-

regulated (fold change ≥ 2) and 16 down-regulated (fold change ≤ 2) genes, compared with the control 

group. Then, we used RT-PCR to validate the chip data that NFATc1 was up-regulated in the 

differentiation. And, we also found epigenetic regulation of miRNA-124 affect the expression of Sox9, 

which is generally regarded as a master regulator of chondrogenesis. Then a cell pellet culture model was 

applied to induce chondrogenesis in C3H10T1/2 cells under hypoxic conditions (2% O2) to verify the 

effects of hypoxia on miR-124 expression and DNA methylation. The results showed that the expression 

of chondrogenesis marker genes was significantly increased under hypoxic conditions. Bisulfite 

sequencing of the CpG islands in the promoter region of miR-124-3 showed that CpG methylation was 

significantly increased under hypoxic conditions. Treating the cells with the DNA demethylating agent 

5’-AZA significantly increased miR-124 expression and decreased expression of markers of 

chondrogenesis. Overexpressing miR-124 under hypoxic conditions inhibited NFATc1 reporter activity 

and NFATc1 was shown to bind to the promoter region of Sox9. Taken together, under hypoxic 

conditions when miR-124 is downregulated by methylation of CpG islands in the promoter, NFATc1 can 

bind to the Sox9 promoter and induce the expression of Sox9 leading to chondrogenesis. These results 

support the role of epigenetic regulation in establishing and maintaining a chondrogenic phenotype and 

that could be useful in the design of biomaterials. 
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AN INJECTABLE HYDROGEL SCAFFOLD WITH KARTOGENIN-ENCAPSULATED 

NANOPARTICLES FOR PORCINE CARTILAGE REGENERATION 
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Objective: Based on our previous study, the utilization of an ultraviolet (UV) light photo-cross-linkable 

Hyaluronic acid (HA) hydrogel integrated with Kartogenin-encapsulated nanoparticles obtained good 

reconstruction of osteochondral defects in a rabbit model. In this study, to further evaluate the safety and 

efficacy of this technique, the focal cartilage defects with critical size in the medial femoral condyle of a 

porcine model was used. Moreover, the defects with different sizes were created to assess which defect 

size it is suitable for repairing in future clinical applications. 

Materials and Methods: Twenty four skeletally mature minipigs were randomly divided into three 

groups, including m-HA hydrogel integrated with Kartogenin-encapsulated nanoparticles treated (m-HA 

+ KGN group), m-HA hydrogel treated (m-HA group) and untreated (Blank group). Four defect sizes 

were created in the medial femoral condyle weight bearing area in both knees. Full-thickness (FT) 

cartilage defects with the subchondral bone preserved (6.5 mm in diameter, 8.5 mm in diameter) and 

osteochondral defects with the subchondral bone removed (6.5 mm in diameter, 5mm in depth; 8.5 mm in 

diameter, 5mm in depth) were included in this experiment. At 6 months, all minipigs were sacrificed for 

assessment of macroscopic appearance, Magnetic Resonance Imaging (MRI), micro-computed 

tomography (µCT), histology staining and the evaluation of elastic modulus, hardness and COL2, 

glycosaminoglycan (GAG) contents of the regenerated tissue.  

Results: The m-HA + KGN treated group had improved gross healing and histological scores, compared 

to m-HA treated and spontaneously healing empty defects. The improved-quality repaired cartilage 

demonstrated by MRI and better subchondral bone reconstruction assessed by µCT were also observed in 

m-HA + KGN treated group. The m-HA + KGN treated group showed more hyaline-like cartilage 

exhibited by histological staining in terms of extracellular matrix, cartilage lacuna and type Ⅱcollagen. 

The mechanical properties were also improved in m-HA + KGN treated group, but remained inferior to 

normal cartilage, while COL2 and GAG contents remained same condition. 

Conclusions: The Hyaluronic acid hydrogel integrated with Kartogenin-encapsulated nanoparticles 

appeared to improve cartilage healing in critical size defects in the minipig model evaluated for 6 months, 

with better cartilage healing in Full-thickness cartilage defects compared to osteochondral defects. The 

osteochondral defect with 8.5mm in diameter, 5mm in depth can be repaired by this repair system. 
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SARGASSUM INTEGERRIMUM INHIBITS OESTROGEN DEFICIENCY AND 

HYPERLIPIDAEMIA-INDUCED BONE LOSS BY UPREGULATING NRF2 IN 
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Oestrogen deficiency, high incidences of hyperlipidaemia (HLP) and accelerated bone loss frequently 

occur in postmenopausal women. There is an urgent need to develop functional foods or specific drugs to 

protect against bone loss induced by oestrogen deficiency with HLP. In this study, we investigated the 

potential inhibitory effects of Sargassum integerrimum (SI) on bone loss in an ovariectomized rat model 

with HLP. After rats were treated with SI for 12 weeks, the femur bone mineral density increased (P < 

0.05), and the microscopic structures (ratio of bone volume to total volume [BV/TV], connectivity density 

[Conn.D], trabecular number [Tb.N] and trabecular thickness [Tb.Th]) of the bone trabecula and 

mechanical properties (maximum and breaking load [ML and BL, respectively] improved (P < 0.05). 

Furthermore, the levels of HLP biomarkers (total cholesterol, triglyceride and low-density lipoprotein) 

were significantly decreased (P < 0.05), whereas the levels of antioxidant markers (superoxide dismutase 

and total antioxidant capacity) were increased (P < 0.05). Similar results were obtained with 

immunohistochemical staining, whereas the Western blot assay showed that SI stimulated the expression 

of nuclear factor (erythroidderived 2)-like 2 (Nrf2) in bone. Our data indicate that rats exposed to SI 

treatment for 12 weeks did not exhibit noticeable side effects. In conclusion, SI suppressed bone loss 

induced by ovariectomized and the associated HLP in rats by activating Nrf2, which could be a promising 

treatment option for osteoporosis induced by oestrogen deficiency and HLP in postmenopausal women.  
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Objective: To study the osteogenesis effect of rapamycin in high-turnover osteoporosis with iron 

accumulation.  

Methods: 16 wild-type (Wt) female mice and 48 Hepcidin-knockout (ΔHep) female mice with C57/BL6 

genetic background were ovariectomized (OVX) at the age of 8 weeks to establish a high turnover 

osteoporosis model. All mice were divided into four groups: 16 ovariectomized mice with Hepcidin-

knockout  were injected rapamycin (Rapa, 3mg/kg/d) intraperitoneally for two  months 

(ΔHep+OVX+Rapa group), 16 ovariectomized mice with Hepcidin-knockout were injected rapamycin 

solvent (CMC) intraperitoneally for two months (ΔHep+OVX+CMC group), 16 ovariectomized mice 

with Hepcidin-knockout  (ΔHep+OVX group) and 16 wild ovariectomized mice (Wt+OVX group). All 

mice were killed after the last treatment. Blood was collected from the intraocular canthal vein and 

centrifuged to get serum.  The soft tissues and muscles of the mice limbs were removed ，then the femur 

and tibia specimens were preserved. Some osteogenesis index in four groups were compared with micro-

CT, biomechanical test, electron microscopy, HE staining, ELISA and q-PCR.      

Results: Micro-CT of femoral femur showed that BMD、BV/TV、TB.N、TB.Th、ConnD were 

decreased in △Hep+OVX group and △Hep+OVX+CMC group but was partially recovered with 

rapamycin injection. The biomechanical tests demonstrated the recovery of bending modulus of elasticity, 

bending energy, maximum bending stress and bending rigidity coefficient after rapamycin injection. HE 

staining and SEM showed that the amount of bone trabecula was markedly increased by rapamycin 

injection in ΔHep+OVX  group. The serum levels of ALP, PINP and OCN measured via ELISA were all 

sharply reduced inΔHep+OVX group compared to Wt+OVX group, and the levels were partially 

recovered in ΔHep+OVX+Rapa group.  The 

mRNA expression levels(SP7, Runx2, OCN) were consistent with the levels measured via ELISA. 

Conclusion: Rapamycin has osteogenesis effect in the mouse model of high turnover osteoporosis with 

iron accumulation, and is expected to become a new target for the treatment of osteoporosis.  
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Intramembranous and endochondral ossifications are two essential process of bone formation. It has been 

shown that the terminally differentiated osteocytes in intramembranous and endochondral ossifications 

are derived from mesenchymal cells and chondrocyte respectively. However, little is known if osteocytes 

derived from these two different ancestors have different geometrical and metabolic properties. In this 

study, we employed confocal structured illumination microscopy (SIM) and mRNA-seq analysis to 

characterize the geometrical properties of osteocytes from calvaria formed by intramembranous 

ossification and cortical bone formed by endochondral ossification. SIM and geometrical mathematical 

modelling revealed that calvarial osteocytes are round shaped with radiated dendritic processes, while 

cortical osteocytes are spindle shaped with perpendicular dendrites. Calvarial osteocytes are more 

randomly arranged within the bone matrix, while cortical osteocytes are orderly arranged with paralleled 

distributions of dendritic network along the axis of cortical bone. Further, mRNA-seq analysis detected 

8445 genes were differentially expressed, in which 121 genes were ossification-related. We also observed 

upregulation of Inppl1, Mapk3, Mtss1, Nf1, Plxnb1, Ptk2b, Smad3, Tacr1 and Bmp5 and downregulation 

of Alox15, Id1, Tac1, Ranbp3l in cortical osteocytes as compared to that in calvarial osteocytes. The 

varied expression of these cytoskeleton organization and dendrite development related genes may 

regulate the morphological differences of osteocytic cell bodies and dendrites. Finally, we showed that 

aging mainly affects the cortical osteocytes but not calvarial osteocytes. Aging causes distortion of 

osteocyte dendrites, and the deflection of osteocyte cell bodies in cortical bone but not calvarial bone. 

Together, in this study we suggest that there are two types of osteocytes, depending on the process of 

ossification. 
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Key words: Annulus fibrosus-derived stem cells; Topography; Differentiation; YAP 

Introduction: Treatment strategies to the annulus fibrosus (AF) of intervertebral disc are in part limited 

by incomplete understanding of the micro-structure-function relationship of this tissue. There is therefore 

a pressing need to develop micro-engineered tissue platforms that can recreate the highly inhomogeneous 

tissue microstructures that are known to affect mechanotransductive processes in AF tissue. Previous 

studies have not addressed whether topographical features actively induce phenotypic transition via 

biochemical signaling. In this study, we aimed to achieve diversified differentiation of annulus fibrosus-

derived stem cells (AFSCs) by varying the fiber size of cell culture scaffolds and as a result, to decipher 

the possible role of YAP-associated mechanosensing activity on the regulation of cell behaviors through 

the topographical features of cell culture substrates. 

Methods: A series of electrospun fibrous scaffolds, whose fiber size approximated that of native AF 

tissue, were fabricated from biodegradable poly (ether carbonate urethane)urea (PECUU) materials. 

AFSCs were cultured on the scaffolds with different diameters for 7 days. Following that, Western blot, 

PCR and immunofluorescence were performed to evaluate the expression of collagen I, collagen II, 

aggrecan and the nuclear translocation of YAP. 

Results: After incubation, AFSCs were almost uniformly oriented along the fiber direction of scaffolds. 

Cells on the scaffolds with small fibers appeared round, while they were spindle-shaped on scaffolds of 

large fibers. The expression of collagen I in AFSCs increased with the fiber size of scaffold, while the 

expression of collagen II and aggrecan showed an opposite trend. Yap was translocated to the nucleus in 

AFSCs on scaffolds with large fibers, while it remained mostly phosphorylated and cytosolic in cells 

when cultured on scaffolds with small fibers. Inhibition of YAP led to decreased expression of 

tendon/ligament-related genes, such as Mkx, Bgn and Dcn. Furthermore, increasing fiber size induced 

cell spreading and promoted the formation of mature focal adhesions of AFSCs. Overall, tuning YAP 

transcriptional activity by fiber size led to the modification of focal adhesions, and determined cell shape, 

spreading area and expression of extracellular matrix.  

Conclusions: Findings from this study indicate that AFSCs, depending on the fiber size of scaffolds, 

may be differentiated into various types of AF-like cells which resembled the phenotypes of cells in 

native AF tissue. These provide new insights into the mechanism of YAP mechanosensing activity and 

imply that it may play a key role in the regulation of cell differentiation in response to topographical 

variations such as fiber size. 
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ESTABLISHMENT OF A NEW SAFETY THERAPEUTIC AND REHABILITATION MODEL 

FOR THE TREATMENT OF ANTERIOR CRUCIATE LIGAMENT INJURY 

En Song1, Yanlin Li2  

1 The First Affiliated Hospital of Kunming Medical University, China, 2 The First Affiliated Hospital of 

Kunming Medical University, China   

 

Objectives: Establishment of a new safety therapeutic and rehabilitation model include: modified the 

surgical technique, accelerate the rehabilitation process and promote the anterior cruciate ligament(ACL) 

injury patients walking with partial weight bearing within 24 hours of anterior cruciate 

ligamentreconstruction.   

Methods: The new safety therapeutic and rehabilitation model include four parts. In the Surgical 

management part: use of a 3D-printed navigation template for femoral anatomical positioning and use of 

an original tension-relieving tendon weaving technique which we developed; in the 

pain management part: use of perioperative multi-modal analgesia and  intra-articular"Cocktail therapy" 

after surgery; in the rehabilitation management part: establishing standardized rehabilitation management 

procedures and use of an inclination pillow and special ice pack, both of which were developed by our 

group; in the nutrition management part: improved perioperative diet plan for ACL patients. All 

indicators were checked by t-test and Chi Square test. 

Results: After the new serial safety therapeutic and rehabilitation model application, the postoperative 

partial weight bearing rate was increased by 89.1%, the incidence of moderate and severe pain after 

surgery was decreased by 64.1%, rehabilitation pathway enrollment rate was increased by 54%, the 

incidence of hunger and thirst decreased by 30.2% and 18.8% respectively, patient satisfaction 

rate increased by 45.3%(p＜0.001). 

Conclusion: The application of our original ACL tension-relieving tendon weaving technique and 3D-

printed navigation template for femoral anatomical positioning, together with perioperative nutrition 

management, rehabilitation managementand and pain management, all promote early postoperative 

rehabilitation of ACL patients, many of whom are able to walk with partial weight bearing within 24 

hours of surgery,the new serial therapeutic and rehabilitation model was safety and effectivity. 

 

      

Our Innovations: ACL reconstructions use an original tension relieving, triangular tendon weaving 

technique. Use of a 3D-printed navigation template for better anatomical positioning of the bone tunnel. 
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INTRADISCAL AND EPIDURAL PLATELET-RICH PLASMA INJECTION FOR THE 

TREATMENT OF CHRONIC DISCOGENIC LOW BACK PAIN 

En Song1, Yanlin Li2  

1 The First Affiliated Hospital of Kunming Medical University, China, 2 The First Affiliated Hospital of 

Kunming Medical University, China  

 

Objectives: Low back pain is a very common cause of pain and disability caused by intervertebral disc 

degeneration, which included degradation of the extracellular matrix, with loss of proteoglycan and water 

content in the nucleus pulposus and collagen degeneration in the annulus fibrosus. Platelet-rich plasma 

(PRP) has been found to be effective for a variety of musculoskeletal conditions. The treatment of 

discogenic pain with PRP is under investigation. 

Methods: Patients were diagnosed with discogenic low back pain by clinical means, imaging. Inclusion 

criteria for this study included chronic low back pain without leg pain for more than 3 months; one or 

more lumbar discs degeneration, as indicated via magnetic resonance imaging (MRI); and at least one 

symptomatic disc, confirmed using standardized provocative discography. and exclusion of other 

structures included discitis and tumor. Patients underwent treatment of intradiscal and epidural injection 

of PRP at one or multiple levels. Outcome measures included the use of a visual analog scale (VAS) and 

Oswestry Disability Index (ODI) scores. 

Results: Data were analyzed from 7 patients (3 men and 4 women; mean age, 37.8 years). The average 

follow-up period was 3 months. Following treatment, no patient experienced adverse events or significant 

narrowing of disc height. The mean pain scores before treatment (VAS, 7.1±1.1; ODI, 63.2±11.3) were 

significantly decreased at one month (VAS, 2.1±1.1; ODI, 35.2±16.5), and this was generally sustained 

throughout the observation period (3 months after treatment: VAS, 1.2±1.4; ODI, 19.2±11.5; p <0.01). 

Conclusion: This study demonstrated that intradiscal and epidural injection of autologous PRP in patients 

with low back pain was safe, with no adverse events observed during follow-up.Intradiscal and epidural 

PRP injection is a safe and a possibly effective treatment for discogenic low back pain. Randomized 

placebo controlled trials are needed to further evaluate the efficacy of this treatment. 

 

              

L5/S1 Percutaneous intradiscal and epidural autologous platelet rich plasma injection 
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MICRODISCECTOMY ANNULAR REPAIRMENT AND ACP BIOLOGICAL THERAPY：A 

NEW SERIAL THERAPEUTIC MODEL FOR THE TREATMENT OF LUMBAR DISC 

HERNIATION 

En Song1, Yanlin Li2  

1 The First Affiliated Hospital of Kunming Medical University, China, 2 The First Affiliated Hospital of 

Kunming Medical University, China  

 

Objectives: Recurerrent intervertabral disc herniation and degenerative disc disease have been identified 

as the most important factors contributing to persistent pain and disability after surgical discectomy. 

Annulus fibrosus closure device can immediate closure of the annulus fibrosus rupture combined with 

Autologous Conditioned Plasma (ACP) which can promote numerous growth factors repair, restores disc 

height, reduces further disc degeneration and enhances intervertabral disc self-repair and regenerative 

capacities. 

Methods: This study recruited 7 patients with lumbar disc herniation who underwent tubular 

microdiscectomy annulus fibrosus repairment and Autologous Conditioned Plasma intradiscal injection. 

The pre/post-operation neurological function and pain status were evaluated by the visual analog scale 

(VAS) score and the Oswestry disability index (ODI), The assessment also data including: operation time, 

the quantity of bleeding and intraoperative and postoperative complications, were recorded. Patients were 

followed up at intervals of preoperative, postoperative 1 week, 1 months, 3 months, last follow-up.  

Results: The procedure was successfully performed in all cases. No case required conversion to an open 

procedure. The mean age of patients was 36.6 years. Average operation time was 85 minutes. Average 

blood loss was 35.3±6.2mL. The preoperative symptoms were alleviated significantly after surgery. All 

the standardized measures improved significantly. At the last follow-up, including VAS score (7.9±1.2 to 

1.1±0.5; p＜0.001) and Oswestry Disability Index (75.3 to 9.6; p＜0.001). There was no postoperative 

complication and recurrence of disc herniation. 

Conclusion: Early results showed the use of annular fibrosus repairment and Autologous Conditioned 

Plasma (ACP) intradiscal injection are beneficial for short term outcomes demonstrating reduction in 

symptomatic disc reherniation with low post-operative complication rates. Long-term studies are required 

to further investigate the efficacy of such devices. Direct mechanical annular repair and ACP biological 

therapy may promote degenerative intervetebral disc regeneration and remodeling after MISS discectomy. 

 

   

Tubular microdiscectomy and annular repair                      Intradiscal injection of ACP 
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BICANNULAR PECUTANEOUS ENDOSCOPIC DECOMPRESSION FOR THE TREATMENT 

OFTWO LEVEL LUMBAR STENOSIS: TECHNICAL NOTE 

En Song1, Yanlin Li2  

1 The First Affiliated Hospital of Kunming Medical University, China, 2 The First Affiliated Hospital of 

Kunming Medical University, China  

 

Objectives: Lumbar spinal stenosis is a common lumbar vertebrae disease in the elderly population, can 

lead to leg pain and low back pain especially when walking. It is usually caused by the herniation of 

intervertebral disc, the gradual narrowing of the spinal canal, and the hypertrophy of facet joints. 

Percutaneous endoscopic transforaminal lumbar discectomy (PETLD) is considered as a safe and 

effective minimally invasive surgery.This study aimed to evaluate the safety and curative effect of 

bicannular percutaneous endoscopic transforaminal lumbar spinal canal decompression in the treatment of 

two level lumbar spinal stenosis.   

Methods: This retrospective study recruited 6 patients with two level lumbar spinal stenosis who 

underwent bicannular percutaneous endoscopic lumbar spinal canal decompression via surgical approach 

of posterolateral intervertebral foramen. The postoperation neurological function and pain status were 

evaluated by the visual analog scale (VAS) score of pain and the Oswestry disability index (ODI). The 

data, including preoperative comorbidities, operation time, the quantity of bleeding, bed rest time, and 

intraoperative and postoperative complications, were recorded. 

Results: The mean operation time was 160 min, the mean quantity of bleeding was 30 mL. All patients 

were followed-up for 4 months to 1 years. The mean preoperative VAS score was 7.3 ± 1.3, while 

postoperative 1 months, 3 months, and final follow-up VAS scores were 1.8 ± 0.7, 1.1 ± 0.6, and 0.8 ± 

0.6, respectively (P < 0.001). The mean preoperative ODI score was 72.4 ± 1.2, while postoperative 1 

months, 3 months, and final follow-up ODI scores were 28.5 ± 3.9, 22.6 ± 4.1, and 12.5 ± 3.3, 

respectively (P < 0.001). 

Conclusion: The percutaneous endoscopic transforaminal lumbar spinal canal decompression is an easy, 

safe, and effective minimally invasive surgery for patients with lumbar spinal stenosis. But the bicannular 

endoscopic decompression technique has a “long and steep” learning curve. The surgeons’ training level 

of PELD surgery was an important factor for the success of bicannular technique. 

 

 

                L3/4 L4/5 Bicannular pecutaneous endoscopic decompression 
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THE EXPERIMENTAL STUDY OF "HYPOXIA RESPONSE ELEMENTS-BFGF" 

MODIFICATED NEURAL STEM CELLS TREAT SPINAL CORD INJURY 

Zhu S.P.1,Chen M.J.1,Ye J.H.1, Xu H.Z.1 

1 Department of Orthopaedics, The Second Affiliated Hospital and Yuying Children’s Hospital of 

Wenzhou Medical University, Wenzhou, Zhejiang, 325027 China 

 

Keywords: spinal cord injury, cell transplantation, neural stem cells, hypoxia response elements, nerve 

growth factor 

Background/Objectives: To discuss the neural repair function of “hypoxia response elements (5HRE) - 

nerve growth factor (NGF)” transfection neural stem cells (NSCs) for the treatment of spinal cord injury 

(SCI).  

Methods: We developed Sprague-Dawley rat models with T9 mildly contused and 7 days after the injury 

we respectively positioning injected NSCs modified with “Hypoxia response elements-GFP” (5HRE-

GFP-NSCs) and NSCs modified with “Hypoxia response elements-NGF” (5HRE-NGF-NSCs) into 

central part of spinal cord injury. On days 1, 3, 7, 10, 14, 21, 28, 35, 42, 60 after transplantation of NSCs 

we comprehensively evaluated/assessed the repair of spinal cord injury using hindlimb locomotor 

function scoring methods like BBB scale, the sloping plate experiment and footsteps imprinting. We also 

used Hematoxylin-Eosin (H&E) staining and Nissl staining to observe morphological changes and the 

recovery of neurons on the SCI area. The condition of transplanted NSCs living, proliferating and 

migrating in flesh was observed by immunofluorescence tracer technique. The differentiation of NSCs in 

vivo and the expression of NGF in SCI area was assessed by immunofluorescence double staining.  

Results: 2 months after transplanting, the function of moving and perception of 5HRE-NGF-NSCs 

injected rats turned out to be much better than the group injected with 5HRE-GFP-NSCs. NSCs marked 

by fluorescence in vitro were injected in the central area of SCI by stereotaxic apparatus and migrated to 

both ends taking the SCI area as the center and differentiated to neurons or astrocytes in abundance. The 

recovery of 5HRE-NGF-NSCs group was much more effective than 5HRE-GFP-NSCs group. 4) 

Conclusions: 5HRE-NGF-NSCs can promote the proliferation, differentiation and migration of NSCs. 

NSCs can be the carrier of 5HRE-NGF gene for therapy. They are benefit to each other which provide 

new thoughts and methods to clinical treatment of acute SCI. 

Acknowledgement: This work was supported by the National Natural Science Foundation of China 

(Grants No. 81802235, 81572227), Zhejiang Experimental Animal Science and Technology Project of 

China (Grants No. 2018C37112), Project of Basic Scientific Research Program in Wenzhou (Grants No. 
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ANGIOGRAPHIC SCORE SYSTEM OF DSA FOR EARLY AND MIDDLE STAGE OF 

OSTEONECROSIS OF THE FEMORAL HEAD (ARCO 0~Ⅱ) 

Introduction: The main cause of osteonecrosis of the femoral head (ONFH) is the injured or interrupted 

blood supply of femoral head. The key to treat the avascular necrosis of femoral head (ANFH) is early 

improvement and reconstruction of blood circulation of femoral head. Digital subtraction angiography 

(DSA), as a widely used angiographic examination method, can clearly display the arterial supply of 

femoral head, observe the femoral head venous reflux by recording the retention time of contrast media in 

the femoral head, and thus can determine the overall condition of blood supply of femoral head blood. 

Thus, the author proposed an angiographic score system of DSA for early and middle stage of ONFH 

based on the integration of China-Japan Friendship Hospital (CJFH) imaging classification system of 

ONFH and the DSA blood supply characteristics of the femoral head. The blood supply of ONFH in the 

early and middle stages (ARCO 0~II) was accurately evaluated to provide basis of accurate angiographic 

classification for the selection of surgery and femoral head-preserving procedures. 

Methods: The imaging data including X-ray, CT, MRI and DSA of 213 patients with ONFH (ARCO0~II) 

from October 2013 to April 2018 who came to our hospital for treatment were retrospectively analyzed 

and compared. The patients were classified radiographically according to CJFH. The main blood supply 

of femoral head comes from three arterial systems: medial femoral circumflex artery, lateral femoral 

circumflex arteries, and obturator artery. According to the course of vessels and hemodynamic 

characteristics of these three sets of arterial system and its branches, we performed radiographic 

classification. In addition, the blood supply of each branch was scored separately, and then the scores 

were summarized to guide standard treatments for hip preservation. 

Results: According to the CJFH radiographic classification of ONFH, patients were divided into 5 types: 

M, C, L1, L2, L3. The corresponding nutrient artery status of each type was scored with DSA blood 

supply score. The medial femoral circumflex artery, as the main feeding artery, separates superior and 

inferior retinacular arteries. The superior retinacular artery, accounted for about 60% of the total blood 

supply to the femoral head, can be further divided into the upper metaphyseal artery and the lateral 

epiphyseal artery. The inferior retinacular artery gives off the inferior epiphyseal artery, accounted for 

about 10% of the total blood supply to the femoral head. The score of upper metaphyseal artery, the 

lateral epiphyseal artery and inferior epiphyseal artery was 3, 3 and 1, respectively. The lateral femoral 

circumflex artery gives off anterior supportive artery, accounted for about 20% of the total blood supply 

to the femoral head and scored 2 points. The obturator artery supplies blood to the round ligament artery 

through the acetabular branch, which is accounted for about 10% of the total blood supply to the femoral 

head and scored 1 point. The total score of the above blood supply is 10 points, and the corresponding 

score will be deducted if the blood supply of a branch is missing. Hemodynamic etiology of ONFH can 

be divided into 4 types: Ⅰ type, arterial occlusion; Ⅱ type, capillary occlusion (dyeing defect of femoral 

head in parenchymal phase); Ⅲ type, venous occlusion (dense staining of femoral head in venous phase); 

Ⅳ type, mixed type (all these manifestations exist simultaneously). 

Conclusions: The proposed angiographic score system of DSA for early and middle stage of ONFH, 

combining the CJFH and important vascular DSA branch of the femoral head scored by the weight of the 

blood supply can more fully represent the blood supply status and hemodynamic status of the femoral 

head artery and its branches. This classification plays an important role in the progress of disease, 

therapeutic evaluation, and subsequent treatments of ONFH. 
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HISTONE DEACETYLASE 4 DELETION RESULTS IN ABNORMAL CHONDROCYTE 

HYPERTROPHY AND PREMATURE OSSIFICATION FROM COL 2Α1-EXPRESSING CELLS 

Guoqing Du1,Ying Shi1 , Shaowei Wang2, Xiaowen Sang1,Hongsheng Zhan1*,Lei Wei2* 

1Shi’s Center of Orthopedics and Traumatology, Shuguang Hospital Affiliated to Shanghai University of 

TCM.. 2Department of Orthopaedics, The Warren Alpert Medical School of Brown University and Rhode 

Island Hospital, Providence RI 02903.United States.  

 

Purpose: This study aimed at investigating the role of histone deacetylase 4 (HDAC4) in the postnatal 

skeletal development of HDAC4d/d; Col2α1-Cre mice.  

Methods: Selective gene targeting was employed for specific postnatal ablation of the HDAC4 gene from 

collagen type 2α1-expressing cells of mice. Safranin O/Fast green and Von Kossa staining were carried 

out to evaluate the developmental growth plate, hypertrophic differentiation, and tissue mineralization. 

The skeletal mineralization pattern was analyzed at P10 using whole body staining. BrdU, PCNA, MMP-

13, Runx2, OPG, CD34, ColX, and Wnt5a were evaluated using immunohistochemistry and in situ 

hybridization.  

Results: HDAC4d/d; Col2α1-Cre mice were severely runted and smaller at P2, P4, P6 and presented a 

shortened prehypertrophic and hypertrophic chondrocyte zone. In addition, the hypertrophic chondrocyte 

zone appeared disordered(Fig.1). Von Kossa staining confirmed that HDAC4 knockout accelerated 

vascular invasion and mineralization(Fig.2). The percentages of positive expression areas for markers 

MMP-13, Runx2, OPG, and CD34 were significantly increased in HDAC4d/d; Col2α1-Cre mice. However, 

the expression of typical proliferative markers such as BrdU and PCNA, was much lower in the 

HDAC4d/d; Col2α1-Cre group than in the HDAC4fl/fl group. Furthermore, in situ hybridization confirmed 

increased Col X and reduced Wnt5a expression in HDAC4d/d; Col2α1-Cre mice(Fig.3). Conclusion: Our 

results demonstrated chondrocyte-derived HDAC4 was responsible for the regulation of chondrocyte 

differentiation and endochondral bone formation. 

 

 

 
Fig. 2. Vascular invasion (A) and secondary center of ossification (B) The HDAC4d/d; Col2α1-Cre mice 

had thicker cortical and cancellous bones compared to HDAC4fl/fl mice. 

Fig. 1. (A) The HDAC4d/d; Col2α1-Cre mice had fewer 

hypertrophy zone at P8 compared to the HDAC4fl/fl 

mice. The HDAC4d/d; Col2α1-Cre mice had fewer 

proteoglycans and greater ossification at P21 

compared to the HDAC4fl/fl mice (Figure B). 
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Fig. 3. The percentages of positive cells and areas for markers MMP-13, Runx2, OPG, and CD34, BrdU 

and PCNA (A、B). Col X and Wnt5a expression in situ hybridization in HDAC4d/d; Col2α1-Cre mice 

(C). 
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PROTECTIVE EFFECT OF MAGNOFLORINE WITH HYALURONIC ACID GEL ON 

CARTILAGE DEGENERATION IN A RAT MODEL OF ACLT INDUCED OSTEOARTHRITIS 

Zhe Cai1,2, William W. Lu 1,3 Tianhao Sun1, Chentian Li1, Kedi Yang1, Lei Xu1, Chun-Hoi YAN1, and 

Peter Kwong-Yuen Chiu1 

1 Department of Orthopaedics and Traumatology, Li Ka Shing Faculty of Medicine, The University of 

Hong Kong, Hong Kong; 
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and Children's Medical Center, Guangzhou, China; 2. Institute Pasteur of Shanghai, Chinese Academy of 

Science, Shanghai, China. 
3 Shenzhen Institutes of Advanced Technology, Chinese Academy of Science, Shenzhen, China 

 

Objective: To investigate efficacy of Chinese medicine magnoflorine combined with hyaluronic acid 

(HA)-gel in attenuating cartilage degeneration in traumatic osteoarthritis (OA). 

Methods: The viability, cell proliferation and migration rate of chondrogenic cells under magnoflorine 

treatment was measured. Chondrogenesis was stained by Alcian Blue. The chondrogenic related gene 

expressions were confirmed by qPCR. The surgery of anterior cruciate ligament transection (ACLT) was 

made at right hind limbs of 8-week-old female rats and resulted in a traumatic OA. Rats (n=5/group) were 

treated once intra-articular injection of 50μl HA-gel, 50μl HA-gel+100μg/kg magnoflorine, 50μl of 

saline+100μg/kg magnoflorine, null (ACLT group) respectively except sham group. Limbs were 

harvested for μCT scan and histopathological staining 3-month post-surgery. Inflammatory cytokines 

from synovial fluid were detected using Immunology Multiplex Assay kit. 

Results: 50µg/ml magnoflorine treatment significantly increased the viability, S-phase, migration rate 

and chondrogenesis of chondrogenic cells. There was a significant downregulation of MAPK and NF-κB, 

and an upregulation of chondrogenesis signaling pathway related genes in 50μg/ml magnoflorine 

treatment. There also a significantly down-regulated inflammatory cytokines and upregulated anti-

inflammatory cytokine IL-10 in HA+Magnoflorine group. In vivo, HA-gel+magnoflorine treatment 

significantly altered subchondral bone structure changes included increase in BV/TV, Tb.Th, and decrease 

in Tb.Pf, Po(tot), Conn.Dn and Tb.Sp, which implied a protective effect on maintaining the stabilization 

of trabecular bone microstructure. Treatment also resulted in the decreased modified Mankin’s scores, 

higher volume ratio of hyaline cartilage (HC)/calcified cartilage (CC) and HC/Sum (total volume of 

cartilage), compared to ACLT and HA-gel group. Furthermore, both the volume ratio of HC/Sum and 

HC/CC were negatively correlated with the modified Mankin’s scores. Finally, histological results 

showed the elevated cartilage matrix, chondrogenic signaling and chondrogenic cells in HA-

gel+magnoflorine treatment.  

Conclusion: Our study elucidated the potential benefits of HA-gel+magnoflorine in revealing a 

protective effect on attenuating cartilage degradation and maintaining subchondral bone stabilization in 

ACLT induced OA. 
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ACTIVATION OF Β-CATENIN IN COL2-EXPRESSING CHONDROCYTES LEADS TO AN 

OSTEOARTHRITIS-LIKE DEFECTS IN HIP JOINT 
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Introduction: Although osteoarthritis (OA) in hip joint is a common and debilitating degenerative 

disease, its precise molecular mechanisms remains unclarified. The aim of this study is to investigate 

whether β-catenin plays a critical role in hip OA pathogenesis.  

Methods:  OA cartilage samples from hip OA patients undergoing arthroplasty surgery (n=15) and non-

OA cartilage tissues from trauma patients (n=10) were analyzed immunohistochemically for β-catenin 

expression. Then, We generated β-cat(ex3)Col2ER mice, in which β-catenin gene was conditionally 

activated in femoral head chondrocytes. Femoral head tissues harvested from 2-, 3- and 6-month-old mice 

were analyzed using Alcian blue/hemotoxylin staining, microcomputed tomography analysis, 

immunohistochemistry assays and cell apoptosis assays.  

Results: The expression of β-catenin protein was highly increased in human OA cartilage tissues 

compared to non-OA cartilage samples. At 2 months of age, β-cat(ex3)Col2ER mice already showed severe 

cartilage degeneration in the femoral head. More phenotype observed in β-cat(ex3)Col2ER mice with age 

included subchondral sclerosis and osteophyte formation along joint margins. All these histologic changes 

resembled a hip OA phenotype in humans. Moreover, we found that β-catenin activation could lead to 

MMP13 and Admats5 induced cartilage degradation as well as chondrocyte apoptosis, possibly 

contributing to the hip OA-like phenotype in β-cat(ex3)Col2ER mice.  

Conclusions: Our findings provide direct evidence about the critical role of β-catenin in hip OA 

pathogenesis.   
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Ying1 
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Methods: By reviewing 67 patients (mean age 34.9 years, mean defect area 4.51 cm2), we found that 

MACI achieved superior efficacy in the treatment of knee osteochondral defects. The surgical procedure 

is divided into: pre-existing the cartilage tissue from the autologous non-weight-bearing area for in vitro 

proliferation; the cultured chondrocytes are inoculated onto the type I/III collagen membrane, and after 

appropriate dressing, the fibrin glue is used to seal the cartilage. Defect zone. Knee joint injury and 

osteoarthritis score (Koos) and magnetic resonance imaging (MRI) were used to evaluate the 

rehabilitation of the patients at 3 months, 6 months, 12 months and 24 months after surgery. In addition, 

three arthroscopy and two histological examinations were performed after surgery. 

Results: All patients had no postoperative complications and no adverse events associated with Maci 

surgery. The KOOS score was significantly improved 3 months after surgery (P<0.05). Six months after 

surgery, Koos scores showed significant improvement in pain, symptoms, daily activities, exercise and 

recreational activities, and other quality of life associated with the knee joint (P < 0.05); MRI showed that 

the new cartilage was completely filled with the defect area. MRI at 12 and 24 months postoperatively 

showed significant improvement in neonatal cartilage binding, cartilage signaling, and subchondral bone. 

Histological examination at 12 and 24 months postoperatively revealed hyaline cartilage in the new tissue. 

The MACI operation time was controlled within 2 hours and the amount of bleeding was less than 100 ml. 

Conclusion: Two years of follow-up results confirmed that MACI technology is a safe, reliable and 

effective method for the treatment of cartilage defects, which is effective, safe and reliable, with short 

operation time and less surgical bleeding. 
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Key words: β-catenin; osteonecrosis of the femoral head; stem cell; abnormal differentiation 

Introduction: Recent clinical investigations and animal studies suggest that steroid-induced 

osteonecrosis of the femoral head (SONFH) may be a disease of abnormal differentiation of stem cells. β-

catenin signaling plays an important role in determining osteogenic/adipogenic differentiation of stem 

cells. In this studies, we aim to investigate the role of β-catenin in the pathogenesis of SONFH.  

Methods: We generated β-cateninCol2ER knockout (KO) mice, in which β-catenin gene was conditionally 

inhibited in Col2-expressing cells that have been proved having stem cell properties by lineage tracing 

studies. The femoral head samples were harvested and processed for micro-CT, stereomicroscopy, 

biomechanics, histology and immunohistochemistry analysis. Results  Three-month-old β-cateninCol2ER 

knockout (KO) mice presented excess fat accumulation and replacement of normal medullary tissues in 

the lesion areas of femoral head as well as severe subchondral bone destruction. Meanwhile, a poor 

biomechanics of femoral head was observed in β-cateninCol2ER KO mice. At 5 months of age, more human 

SONFH-like features including empty lacuna, structural collapse and deformity of femoral head were 

occurred in β-cateninCol2ER KO mice. In addition, deletion of β-catenin could cause up-regulation of 

PPAR-γ and C/EBPα and down-regulation of Runx2 and ALP, leading to the abnormal differentiation of 

Col2-expressing cells, which was mainly contributed to this SONFH-like phenotype observed in β-

cateninCol2ER KO mice.  

Conclusions: In this study, we have provided a SONFH mice model that can mimic full-range of SONFH. 

Moreover, β-catenin inhibition induced fate-shift of stem cells from osteoblasts to adipocytes may be the 

most important pathogenesis of SONFH. 
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Keywords: steroid-induced osteonecrosis of femoral head; Bushenhuoxue formula; osteogenesis; 

angiogenesis 

Objective: The aim of this study is to determine the effect and action mechanism of Bushenhuoxue 

formula (BSHXF) on the protection of steroid-induced osteonecrosis of femoral head (SONFH).  

Methods: Thirty-six C57BL/6 mice were divided into three groups: control group, model group and 

treatment group. The mouse model of SONFH were established by a co-induction of lipopolysaccharide 

(LPS, 1 mg/kg) and prednisolone (PDS, 100 mg/kg) as previously described. Mice in the treatment group 

and model group were orally administered with BSHXF (0.2 mL/10 g body weight) and an equal dosage 

of saline respectively until they were sacrificed at 4 and 8 weeks. Femoral head tissues were harvested 

and analyzed using haematoxylin and eosin staining, microcomputed tomography (µCT) assay and 

immunohistochemical analysis.  

Results: The data of µCT indicated that BSHXF treatment improved bone volume and trabecular 

microstructure of femoral head. Histological analysis revealed that administration of BSHXF improved 

thinned bone trabeculae, disordered medullary tissues and massive empty lacunae in the SONFH mice. 

Immunohistochemical analysis demonstrated that the expression of Runx2, ALP, CD31 and VEGF was 

significantly decreased in the model group, suggesting poor blood supply and decreased bone formation 

in the femoral head. However, the alternations of these proteins were recovered following the treatment of 

BSHXF for 4 weeks. Conclusion: BSHXF alleviates osteonecrotic changes in the SONFH mice by 

promoting Runx2-mediated osteogenesis and VEGF-mediated angiogenesis.  
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Low back pain (LBP) associated with intervertebral disc degeneration (IDD) is a common cause of 

disability worldwide; approximately 80% of people will suffer LBP during their lives(1). IDD is 

characterized by the depletion of resident cells and the degradation of the extracellular matrix (ECM)(2). 

The increased apoptotic level of NP cells contributes to excessive cell death which accelerates the 

progression of IDD. Recent studies report that the amelioration of NP cell apoptosis displays a therapeutic 

effect on the progression of IDD(3). However, further research on the prevention or reversal of IDD 

progression is necessary. 

Human islet amyloid polypeptide (hIAPP), a 37–amino acid polypeptide, has been confirmed to damage 

cells through the formation of aggregates(4). Recent studies reveal that the aggregation of hIAPP 

contributes to cell death by inhibiting protective autophagy, inducing excessive oxidative stress, 

promoting the production of inflammatory cytokines and cell membrane disruption(5). IAPP is a normally 

soluble protein released by cells and could turn to form an insoluble toxic aggregate(5). Previously, we 

showed that hIAPP expression was related to the development of the IDD process and IAPP may regulate 

ECM metabolism and control the crosstalk between apoptosis and autophagy in NP cells(6). However, the 

aggregation and deposition of hIAPP during IDD has not yet been investigated.  

We assumed that hIAPP aggregates may accelerate NP cell apoptosis and ECM degradation, and may also 

be related to IL-1β/IL-1Ra signaling. To test this hypothesis, a specific staining for hIAPP aggregates 

[thioflavin S (Th-S) staining] was used to visualize the formation of hIAPP aggregation. The hIAPP 

aggregates deposited more evidently in IDD tissues compared to normal disc tissues. An ex vivo IVD 

organ culture model was designed to investigate the role of hIAPP aggregates in NP cells during 

compression-induced IDD. The aggregation of hIAPP was verified to be toxic to NP cells by inducing the 

excessive IL-1β expression and cell apoptosis. Neutralizing IL-1β attenuated the detrimental effects of 

hIAPP aggregates in the rat disc model while IL-1Ra neutralization enhanced the toxicity of hIAPP 

aggregates. Furthermore, the effects of hIAPP aggregates in NP cells were verified in vitro. The blockade 

of IL-1β signaling reduced the formation of hIAPP aggregates while the inhibition of IL-1Ra facilitated 

the deposition of hIAPP and promoted ECM degradation and cell apoptosis. 
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RECIPROCAL INHIBITION OF YAP/TAZ AND NF-ΚB REGULATES OSTEOARTHRITIC 

CARTILAGE DEGRADATION 
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Osteoarthritis is one of the leading causes of pain and disability in the aged population due to articular 

cartilage damage. This warrants investigation of signaling mechanisms that could protect cartilage from 

degeneration and degradation. Here we show in a murine model of experimental osteoarthritis that YAP 

activation by transgenic overexpression or by deletion of its upstream inhibitory kinases Mst1/2 preserves 

articular cartilage integrity, whereas deletion of YAP in chondrocytes promotes cartilage disruption. Our 

work shows that YAP is both necessary and sufficient for the maintenance of cartilage homeostasis in 

osteoarthritis. Mechanistically, inflammatory cytokines, such as TNFα or IL-1β, trigger YAP/TAZ 

degradation through TAK1-mediated phosphorylation. Furthermore, YAP directly interacts with TAK1 

and attenuates NF-κB signaling by inhibiting substrate accessibility of TAK1. Our study establishes a 

reciprocal antagonism between Hippo-YAP/TAZ and NF-κB signaling in regulating the induction of 

matrix-degrading enzyme expression and cartilage degradation during osteoarthritis pathogenesis. 
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Objective: Long noncoding RNAs (lncRNAs) play pivotal roles in diseases such as osteoarthritis (OA). 

However, knowledge of the biological roles of lncRNAs is limited in OA. We aimed to explore the 

biological function and molecular mechanism of HOTTIP in chondrogenesis and degradation. 

Methods: HOTTIP, CCL3, and miR-455-3p expression were assessed in vitro in a human mesenchymal 

stem cell (MSC) model of chondrogenesis and in normal and OA tissues. Biological interactions between 

HOTTIP and miR-455-3p were determined by their silencing and overexpression in vitro. We evaluated 

the effect of HOTTIP on chondrogenesis and degeneration, and its regulation of miR-455-3p by acting as 

competing endogenous RNA (ceRNA). The animal model was used to support the in vitro experimental 

findings. Mechanisms of ceRNAs were determined by bioinformatic analysis, and luciferase reporter, 

RNA pull-down, and RNA immunoprecipitation (RIP) assays. 

Results: We found reduced miR-455-3p expression and significantly upregulated lncRNA HOTTIP and 

CCL3 expression in OA cartilage tissues and chondrocytes. The expression of HOTTIP and CCL3 were 

increased in chondrocytes treated with interleukin-1β (IL-1β) in vitro. Knockdown of HOTTIP promoted 

cartilage-specific gene expression and suppressed CCL3 expression. Conversely, HOTTIP overexpression 

reduced cartilage-specific gene and increased CCL3 expression. Notably, HOTTIP negatively regulated 

miR-455-3p expression and increased CCL3 expression in human primary chondrocytes. Mechanistic 

investigations indicated that HOTTIP functioned as ceRNA for miR-455-3p enhanced CCL3 expression. 

Conclusions: The ceRNA regulatory network of HOTTIP/miR-455-3p/CCL3 plays a critical role in OA 

pathogenesis, suggesting HOTTIP is a potential target in OA therapy. 
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Objective: Studies have found that bone mesenchymal stem cells(BMSCs) are capable of self-

replication,multidifferentiation, and regeneration. This study aimed to carry out a systematic review and 

meta-analysis of the efficacy of BMSC therapy for ovariectomized rats.  

Methods: The PubMed, Embase, Web of Science, China National Knowledge Infrastructure, VIP, and 

Chinese Sinomed databases were searched systematically from their initiation date to October 5, 2018. 

Two researchers independently screened the literature, which used the bone mineral density (BMD), total 

bone volume by total tissue volume (BV/TV) (%), and trabecular thickness/spacing (Tb/Sp) as the 

outcome measures. 

Results: Five eligible studies were selected. In the BMSC treatment groups compared with the control 

group, the results of the study suggest a statistically significant improvement in BMD (P = 0.04), and 

there was a remarkably difference in improving BV/TV (%) (P < 0.00001); there was no significant 

difference in improving Tb/Sp (P = 0.17). In addition, the included studies were not limited to a single 

treatment group. These studies used PLGA / CoI microspheres, 214S and Chinese medicine modified 

BMSCs. In the BMSCs plus other treatment groups, the results of the study suggest a statistically 

significant improvement in BMD (P = 0.02), and there was a remarkably difference in improving Tb/Sp 

(P＜0.00001); there was no significant difference in improving BV/TV (%) (P=0.16). 

Conclusion: This study indicated that BMSCs could accelerate callus maturity and ossification and 

restore mechanical properties of bones. Although all the research is still in the basic stage, in view of the 

increasing research in the field of stem cells, it is believed that BMSC transplantation has a good 

application prospect in the future treatment of bone and cartilage. 
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When muscle is severely damaged, fibrosis occurs and its movement function becomes impaired. 

Traumatic injuries in which both bone and muscle are damaged heal especially poorly, as muscle function 

relies on proper insertion points onto stable bone. Unfortunately, despite recent advances in 

musculoskeletal tissue engineering, there is currently no clinically available effective muscle-bone 

implant. In addition, due to the complexity of designing and building a three dimensional (3D) construct 

composed of multiple types of tissues with different physicochemical properties, there is no available 

implant to promote both skeletal and muscle regeneration. To overcome this limitation, we developed a 

novel muscle-bone composite implant using a state-of-the-art multimaterial 3D bioprinter, and a 

customized mechanical bioreactor that simulated skeletal muscle movement. Based on various bioinks 

that recapitulated bone and muscle niches, we bioprinted a gradually changing structure of bone and 

skeletal muscle tissue construct. A mechanical bioreactor was then used to improve the alignment of 

myoblasts embedded in the 3D printed tissue. Implantation of this 3D printed muscle-bone unit into a 

murine volumetric muscle loss model led to significantly increased expression levels of both myogenesis 

and osteogenesis markers and enhanced tissue regeneration. We expect that our comprehensive 

biofabrication strategy for building a multi-tissue construct will promote improved healing in severe 

injuries involving both bone and muscle, as well as provide a paradigm for developing other composite 

tissue constructs. 
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ARTICULAR CHONDROCYTES IN OSTEOARTHRITIC TEMPOROMANDIBULAR JOINT 

Yang HX1,a, Wen Y2,a, Zhang M1,a, Liu Q1,a, Zhang HY1, Zhang J1, Lu L1, Ye T1, Bai XC3,4, Xiao GZ5**, 

Wang MQ1,* 

1. State Key Laboratory of Military Stomatology, National Clinical Research Center for Oral Diseases, 

Shaanxi International Joint Research Center for Oral Diseases, Department of Oral Anatomy and 

Physiology and TMD, School of Stomatology, the Fourth Military Medical University, 145 Changle West 

Road, Xi'an, China.     

2. State Key Laboratory of Military Stomatology, National Clinical Research Center for Oral Diseases, 

Shaanxi International Joint Research Center for Oral Diseases, Department of Orthodontics, School of 

Stomatology, the Fourth Military Medical University, 145 Changle West Road, Xi'an, China.    

3. Academy of Orthopedics, Guangdong Province, The Third Affiliated Hospital, Southern Medical 

University, Guangzhou, China.    

4. Department of Cell Biology, School of Basic Medical Sciences, Southern Medical University, 

Guangzhou, China.     

5. Department of Biology and Guangdong Provincial Key Laboratory of Cell Microenvironment and 

Disease Research, Southern University of Science and Technology, Shenzhen 518055, China.   

 

A switch from autophagy to apoptosis is implicated in chondrocytes during the osteoarthritis (OA) 

progression with currently unknown mechanism(s). In this study we utilized a flow fluid shear stress 

(FFSS) model in cultured chondrocytes and a unilateral anterior crossbite (UAC) animal model. We 

found that both FFSS and UAC actively induced endoplasmic reticulum stress (ERS) in the 

temporomandibular joints (TMJ) chondrocytes, as demonstrated by dramatic increases in expression of 

HSPA5, p-EIF2AK3, p-ERN1 and ATF6. Interestingly, both FFSS and UAC activated not only pro-death 

p-EIF2AK3-mediated ERS-apoptosis programs but also pro-survival p-ERN1-mediated autophagic flux 

in chondrocytes. Data from FFSS demonstrated that MTORC1, a downstream of p-ERN-1, suppressed 

autophagy but promoted p-EIF2AK3 mediated ERS-apoptosis. Data from UAC model demonstrated that 

at early stage both the p-ERN1 and p-EIF2AK3 were activated and MTORC1 was inhibited in TMJ 

chondrocytes. At late stage, MTORC1-p-EIF2AK3-mediated ERS apoptosis were predominant, while p-

ERN1 and autophagic flux were inhibited. Inhibition of MTORC1 by TMJ local injection of rapamycin in 

rats or inducible ablation of MTORC1 expression selectively in chondrocytes in mice promoted 

chondrocyte autophagy and suppressed apoptosis, and reduced TMJ cartilage loss induced by UAC. In 

contrast, MTORC1 activation by TMJ local administration of MHY1485 or genetic deletion of Tsc1, an 

upstream MTORC1 suppressor, resulted in opposite effects. Collectively, our results establish that 

aberrant mechanical loading causes cartilage degeneration by activating, at least in part, the MTORC1 

signaling which modulates the autophagy and apoptosis programs in TMJ chondrocytes. Thus, inhibition 

of MTORC1 provides a novel therapeutic strategy for prevention and treatment of OA. 
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Objective: To evaluate the osteogenesis and degradability of the three bone materials in rat mandibular 

defect model for 1 year.  

Methods: The structure and composition of the materials were observed by SEM and XRD. Eighteen 

adult Sprague-Dawley rats were randomly divided into three groups, a full-length bone defect of the 

mandible with a diameter of 5 mm was made unilaterally.In group A, self-calcined bone granules were 

implanted and Bio-Oss were implanted in group B, and while group C was implanted with Hongros-HA. 

At 12 months after operation, the osteogenesis and degradability were evaluated by gross observation, 

Micro-CT and histological staining.  

Results: Material structure and composition: Groups A and B retained the natural porous structure of 

cancellous bone, and group C showed granular and non-porous structures of different sizes. The three 

materials were all HA, and the crystallinity of group B was lower than that of groups A and C. At 12 

months after operation, all animals were in good activity. The skin and muscles were intact when taken, 

and no tissue necrosis was observed. Osteogenic capacity: Micro-CT showed that there was no significant 

difference in the rate of new bone formation (BV/TV) between group A and group B (P>0.05), which was 

better than group C (P<0.05). Histological staining showed that most of the defects in group A and group 

B were repaired, new bones grew more, and C component bones were slightly worse. There was no 

significant difference in the histological scores of Lane-Sandhu between group A and group B (P>0.05), 

which were better than group C (P<0.05). Degradation performance: Micro-CT results showed that the 

remaining material accounted for the volume percentage of the defect area (MV/TV). Group A was 

comparable to group B (P>0.05), both were lower than group C (P<0.05), and HE staining results were 

also available. See the C group of materials remaining more.  

Conclusions: The calcined bone material prepared by the low temperature gradient calcination process 

has similar structure, composition, osteogenic potential and degradation performance to commercial Bio-

Oss, and lays a research foundation for the development of domestic heterogeneous bone graft materials.  

 

 

 

 

 

 

 

 

Fig.3 Mircro-CT 

examination after 1 year 

 

 

Fig.1~2 Materials characterization（SEM&XRD）  

Fig.4 

Histology observation of 

new bone formation and 

degradability of the three 

bone materials(H&E ) . 
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CLINICAL APPLICATION OF PRIMARY SITE HIP FLUOROSCOPY IN INTERNAL 

FIXATION OF FEMORAL NECK FRACTURES 

 

Objective: To evaluate the application of primary site hip fluoroscopy in internal fixation of femoral neck 

fractures.  

Methods: Sixty-nine patients with femoral neck fractures were randomly divided into the control group 

(n=34) and the treatment group (n=35) according to a random number table. In the control group, C-arm 

fluoroscopy was performed with the unaffected side assuming the frog-leg position and the affected side 

under traction reduction. In the treatment group, C-arm fluoroscopy was performed with the hip in the 

primary position after reduction of femoral neck fracture by symmetrical traction of both lower limbs. 

The number of times of intraoperative fluoroscopy, number of times of guide pin resetting, intraoperative 

wound blood loss, and total operation duration were compared between the two groups.  

Results: The treatment group had fewer times of intraoperative fluoroscopy [(7.16±0.53) times vs 

(16.06±1.18) times], fewer times of guide pin resetting [(2.1±0.31) times vs (4.7±0.8) times] and less 

intraoperative blood loss [(96.77±18.62) ml vs (198.10±13.15) ml], shorter total operation duration 

[(1.18±0.15) h vs (1.60±0.28) h] compared with the control group, with statistical significance in each 

difference (P<0.05).  

Conclusion: During primary site hip fluoroscopy, since symmetrical traction of both lower limbs was 

maintained, there was no need to switch the position of the hip joints, thereby protecting the stability after 

reduction of the fracture and making the operation of C-arm fluoroscopy easy and convenient. Therefore, 

this new mode of fluoroscopy has the advantages of fewer times of intraoperative fluoroscopy and guide 

pin resetting, which significantly reduces intraoperative blood loss as well as ineffective operation time 

and anesthesia time. It is suitable for intraoperative fluoroscopy in internal fixation of femoral neck 

fractures and intertrochanteric femoral fractures in all levels of medical institutions. 
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Background: Abnormal iron metabolism is more and more characterized to damage bone metabolism in 

a large number of related studies on osteoporosis. We previously reported that iron replete in bone caused 

severe osteopenia due to abnormal maturation of osteoblasts. Regulating iron metabolism homeostasis has 

become one of the directions in the treatment of osteoporosis. Therefore, this experiment needs to 

investigate the effect of iron and hepcidin on zebrafish bone and the way to active hepcidin through gene 

level. Provide a theoretical basis for hepcidin to prevent and treat osteoporosis which caused by iron 

accumulation. 

Methods: 1. In this study, a group of transgenic zebrafish（hepcidin+/+） was firstly constructed. 

Through CRISPR/Cas9, hepcidin OE（overexpression）plasmids activated by heat-shock protein were 

constructed and then microinjected into zebrafish embryos of WT (wild type) to make F0. F0 with 

fluorescence phenotype would be cultivated. Three months later, it was hybridized with WT to test the 

genetic stability of F0； 2. Take four groups of 5 DPF zebrafish（20 per group）is divided into: the 

Control group, WT HS（heat-shock）group, hepcidin OE group and the hepcidin OE HS group, the 

second and forth group zebrafish would heat-shock in 37 ℃ water for 1 h, and then their total RNA was 

isolated and purified;3. qRT-PCR was performed to detect hepcidin gene and seven bone-

related genes:alp, bmp2a, bmp2b, ferroportin, runx2a, runx2b and sp7. 

Results: 1. qRT-PCR confirmed that hepcidin in the hepcidin OE HS group was significantly higher than 

other three groups ,so did those seven bone-related genes, P < 0.01;3. Beyond our expectation，in the 

WT HS group, hepcidin gene up-regulated, and the osteogenic gene expression was higher than that in the 

Control group, and slightly higher than that in the non-HS group. 

Conclusion: 1. The hepcidin OE zebrafish model prepared in this experiment can be observed 

continuously and for a long time to facilitate the follow-up studies on the correlation and influence 

strength of hepcidin, iron and bone in different time periods, and can be used as a zebrafish model 

directly；2. In zebrafish, it was proved that hepcidin increased the expression of osteogenic genes；3. At 

the same time, in addition to the expectation of this experiment, it was found that hot water bath can 

stimulate the effect of hepcidin gene in zebrafish and promote the expression of osteogenic related genes, 

so as to promote the growth of osteogenesis during the development of zebrafish. 

The findings can provide new ideas and scientific basis for the clinical treatment of osteoporosis, 

bone metabolism and other related diseases. 
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CIRCRNA008876 REGULATES OSTEOGENIC DIFFERENTIATION OF HBMSCS VIA MIR-

150-5P/IGF2BP1 PATHWAY IN SENILE OSTEOPOROSIS 
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Aims：Senile osteoporosis is type II primary osteoporosis characterized by the loss of bone mass and 

strength. Microarchitectural deterioration with increased porosity leads to fragility fractures, and the 

severity increases with the age. As we know, the attenuated osteogenesis is the major cause of senile 

osteoporosis, in which the decrease of osteogenic differentiation capacity of human bone mesenchymal 

stem cells (hBMSCs) played an important role. However, the related molecular mechanism remains 

largely unknown. Non-coding RNAs have been reported to be important mediators in stem cell 

differentiation. Here we explored the change and function of non-coding RNA mediated competing 

endogenous RNA (ceRNA) network in hBMSCs from senile osteoporosis patients. We try to provide 

potential therapeutic targets through studying the pathological molecular mechanism of senile 

osteoporosis related to the impaired osteogenesis of hBMSCs. 

Results: We applied whole transcriptome sequencing of hBMSCs isolated from senile osteoporosis 

patients and hBMSCs donated from young people to screen the differential expressed mRNAs and non-

coding RNAs. Expression analysis showed that 18 lncRNAs, 6 circRNAs, 27 miRNAs and 415 mRNAs 

were statistically differentially expressed in hBMSCs of senile osteoporosis patients compared with 

hBMSCs from young people. Furthermore, ceRNA networks of circRNA008876/miR-150-5p/IGF2BP1 

were predicted based on the targeted relationship among the differentially expressed RNAs. Then we 

validated that the expression of circRNA008876 was significantly decreased in hBMSCs of senile 

osteoporosis patients by qRT-PCR, and circRNA008876 was upregulated in osteogenic differentiation of 

hBMSCs induced by BMP-2. And then, we confirmed that overexpression of circRNA008876 enhanced 

osteogenic differentiation of hBMSCs through qRT-PCR, western blot and ALP staining test. In addition, 

circRNA008876 directly targeted miR-150-5p and miR-150-5p targeted the 3’UTR of IGF2BP1 which 

were validated through dual-luciferase reporter system. When circRNA008876 was downregulated by 

siRNA, osteogenesis of hBMSCs was impaired with miR-150-5p upregulated and IGF2BP1 

downregulated. 

Conclusion: Our findings suggested that decreased circRNA008876 suppresses hBMSCs osteogenesis in 

senile osteoporosis through miR-150-5p/IGF2BP1 pathway, and circRNA008876 is likely to be a new 

target for the treatment of senile osteoporosis.  
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INTRA-ARTICULAR INJECTION OF HUMAN UMBILICAL CORD DERIVED 

MESENCHYMAL STEM CELLS OVEREXPRESSED WITH MIR-140-5P FACILITATES 

HEALING OF RAT OSTEOARTHRITIS 

Yiyun Geng1, Daping Wang2  

1, 2 Shenzhen Second People's Hospital, China 

Purpose: Osteoarthritis (OA) is the most common joint disease throughout the world. Mesenchymal stem 

cell (MSC) therapy for osteoarthritis has been widely investigated, but the differentiation of MSCs is not 

controlled and observed after intra-articular injection. miR-140-5p has been proved to have an important 

role in chondrogenesis. And immunogenicity of human umbilical cord derived mesenchymal stem cells 

(hUC-MSCs) is lower compared with other sources of MSCs. We hypothesized that miR-140-5p 

overexpressed hUC-MSCs have better therapeutic effect of osteoarthritis. 

Methods: hUC-MSCs were transfected with or without miR-140-5p. Proliferation and extracellular 

matrix (ECM) secretion were measured in vitro and compared between groups. The mechanism of miR-

140-5p involving hUC-MSCs chondrogenic differentiation was investigated using oligonucleotides and 

tested by qPCR and western blot. Destabilization of the medial meniscus (DMM) surgery was performed 

on the knee joints of SD rats as an OA model. The healing of cartilage in vivo by intra-articular injection 

of hUC-MSCs transfected with miR-140-5p overexpressed lenti-virus (hUC-MSCs-140) was evaluated 

with histological staining and OARSI scores. The localization and differentiation of hUC-MSCs after 

intra-articular injection were further confirmed by immunohistochemical staining. 

Results: We found that chondrogenic differentiation of hUC-MSCs was evidently increased by 

overexpression of miR-140-5p while proliferation was not influenced. The healing effect of cartilage was 

better after intra-articular injection of hUC-MSCs-140 than hUC-MSCs. And more hUC-MSCs-140 were 

located in impaired cartilage surface than hUC-MSCs. Overexpression of miR-140-5p induced hUC-

MSCs differentiation into chondrocyte and increased collagen type II synthesis. Subsequent intra-articular 

injection of hUC-MSCs-140 successfully recovers the articular cartilage of superficial layer in the rat 

DMM model. 

Conclusion: The modified hUC-MSCs by overexpression of miR-140-5p exert a beneficial therapeutic 

effect on OA by promoting chondrogenic differentiation which further increases ECM, proving hUC-

MSCs-140 a better and mechanism uncovered cell therapy for OA.  
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NANOCOMPOSITE HYDROGEL FOR BONE TISSUE ENGINEERING 
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Injectable hydrogels can fill irregular defects and promote in situ tissue regrowth and regeneration. The 

ability of directing stem cell differentiation in a three-dimensional microenvironment for bone 

regeneration remains a challenge. In this study, we successfully nanoengineered an interconnected 

microporous networked photocrosslinkable chitosan in situ-forming hydrogel by introducing two-

dimensional nanoclay particles with intercalation chemistry. The presence of the nanosilicates increased 

the Young’s modulus and stalled the degradation rate of the resulting hydrogels. We demonstrated that 

the reinforced hydrogels promoted the proliferation as well as the attachment and induced the 

differentiation of encapsulated mesenchymal stem cells in vitro. Furthermore, we explored the effects of 

nanoengineered hydrogels in vivo with the critical-sized mouse calvarial defect model. Our results 

confirmed that chitosan-montmorillonite hydrogels were able to recruit native cells and promote calvarial 

healing without delivery of additional therapeutic agents or stem cells, indicating their tissue engineering 

potential. The combination of microporosity and injectability suggests a promising strategy for crafting 

biocompatible and biodegradable materials to enhance bone formation.  
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LYCOPENE PROTECTS AGAINST GLUCOCORTICOID-INDUCED OSTEOPOROSIS IN 

MICE: IMPACT ON OXIDATIVE STRESS AND OSTEOCYTE SENESCENCE 
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Glucocorticoids (GCs) theraphy is one of the leading causes of secondary osteoporosis. Given that GCs 

are widely used in the treatment of various inflammation and immune-mediated diseases, there is an 

urgent need to prevent and treat this critical side effect. It has been reported that lycopene administration 

is able to abate oxidative stress and exert beneficial effects on bone health, but the therapeutic effects of 

lycopene on glucocorticoid-induced osteoporosis (GIOP) remain unclear. The current study aimed to 

examine whether lycopene preserve femur bone mass, microarchitecture and strength in GIOP mouse 

model and its underlying mechanisms. Thirty 5-month-old female C57BL/6J mice were randomly divided 

into three groups (n=10): control (Control), dexamethasone (Dex) treatment (25mg/kg/day, DEX+VEH), 

and DEX with lycopene treatment (DEX+lycopene, 45mg/kg/day). After 4 weeks, the mice were 

sacrificed. Reduced BMD, bone biomechanical properties, and osteoblastic bone formation, and increased 

osteoclastic bone resorption with microarchitectural deterioration of trabecular and cortical bones, were 

observed in DEX-treated mice. Significant improvement in DEX-induced loss of bone mass, bone 

strength, and microarchitecture deterioration was observed in DEX+Lycopene group mice. Additionly, 

our results suggest that lycopene effectively inhibit oxidative stress and suppresses osteocytes senescence 

and their senescence associated secreated phenotype (SASP), thereby inhibits osteoporosis progression in 

DEX-treated mice. These observations imply that lycopene treatment in GIOP mice primarily suppressed 

oxidative stress and osteocyte senescence to restore bone strength and microarchitecture. Taken together, 

we reported that lycopene treatment was able to alleviate femur loss in GIOP mice through a combination 

of increased bone formation and suppressed bone resorption related to regulating oxidative stress and 

osteocyte senescence. The use of lycopene is highly recommended for patients on chronic GCs treatment 

to help in the attenuation of GIOP. 
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MicroRNAs (miRNAs) play important roles in regulating bone homeostasis. Targeting miRNAs recently 

shows significant therapeutic promise. Previous study revealed miR-182 as a key osteoclastogenic 

regulator in bone homeostasis. Treatment with miR-182 inhibitors restored bone mass and strength in the 

ovariectomized mouse model of postmenopausal osteoporosis. However, the effects of miR-182 

inhibitors on androgen-deficient osteoporosis has never been studied. We hypothesized that miR-182 

inhibitors could reverse the loss of bone mass and strength caused by androgen ablation in the 

orchiectomized (ORX) mouse model of male osteoporosis. Bone microarchitecture, mass and histology 

were determined by CT, dual energy X-ray absorptiometry and histomorphometry. As expected, miR-

182 inhibition decreased bone resorption, led to restoration of bone mass and strength in ORX mice. 

Mechanistically, we found that miR-182 suppresses autocrine interferon- (IFN-) pathway by targeting 

protein kinase double-stranded RNA-dependent (PKR). Taken together, our results demonstrate miR-182 

inhibitors could inhibit osteoclastic bone resorption via regulation of miR-182-PKR-IFN- pathway in 

androgen-deficient mice, and support the potential application of miR-182 inhibitors in androgen-

deficient osteoporosis in men. 
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SUSTAINED RELEASE SDF-1Α/TGF-Β1-LOADED SILK FIBROIN-POROUS GELATIN 

SCAFFOLD PROMOTES CARTILAGE REPAIR 
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Continuous delivery of growth factors to the injury site is crucial to creating a favorable 

microenvironment for cartilage injury repair. In the present study, we fabricated a novel sustained-release 

scaffold, SDF-1α / TGF-β loaded silk fibroin- porous gelatin scaffold (GSTS). GSTS persistently releases 

SDF-1α and TGF-β1 which enhance cartilage repair by facilitating cell homing and chondrogenic 

differentiation. Scanning electron microscopy showed that GSTS is a porous micro-structure and protein 

release assay demonstrated the sustainable release of SDF-1α and TGF-β1 from GSTS. Bone marrow-

derived mesenchymal stem cells (MSCs) maintain a high in vitro cell activity, excellent cell distribution 

and phenotype after seeding into GSTS. Furthermore, MSCs acquired enhanced chondrogenic 

differentiation capability in the TGF-β1-loaded scaffolds (GSTS or GST: loading TGF-β1 only) and the 

conditioned medium from SDF-1α-loaded scaffolds (GSTS or GSS: loading SDF-1α only) effectively 

promoted MSCs migration. GSTS was transplanted into the osteochondral defects in the knee joint of rats 

and it could promote cartilage regeneration and repair the cartilage defects at 12 weeks after 

transplantation. Our study shows that GSTS can facilitate in vitro MSCs homing, migration, 

chondrogenic differentiation and SDF-1α and TGF-β1 have a synergistic effect on the promotion of in 

vivo cartilage forming. This SDF-1α and TGF-β1 releasing GSTS have promising therapeutic potential in 

cartilage repair. 

 

 
Graphic abstract. 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

187 
 

CLINICAL REPORT OF 3D PRINTED CUSTOMIZED POROUS TANTALUM METAL HIP 

RECONSTRUCTION IN THE TREATMENT OF ADULT DDH 

Liangliang Cheng1, Lei Yang1, Benjie Wang1, Baoyi Liu1, Zhijie Ma1, Junlei Li1, Dewei Zhao1  
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Introduction: To explore the feasibility, safety and efficacy of customized porous tantalum acetabular 

patch made by three-dimensional (3D) printing technique in the treatment of adult developmental 

dysplasia of the hip (DDH). 

Materials & Methods: Eight adult DDH patients (2 males and 6 females，with an average age of 

43.75±7.81, range from 33 to 58) who were treated with 3D printed customized porous tantalum metal 

hip reconstruction from January 2017 to September 2017 were included in this study. The 3D printing 

technique was used for reconstructing and designing the optimal acetabular patch for every patient’s 

“personalized” hip joint. The acetabular patch was porous processing and finite element analysis until the 

biomechanical requirements were met, and then the 3D printing of porous tantalum acetabular patch was 

carried out and post-processing. The acetabular patch was applied to clinical surgery after the material 

property test. The perioperative blood loss volume and complications were recorded, and all the included 

patients were followed up at 1.5, 3 and 6 months after the operation. The pain was assessed by visual 

analogue scale (VAS) and the hip joint function was evaluated by the Harris score. The patients 

underwent anterior-posterior X-ray and three-dimensional CT of the hip joint to observe the position of 

the acetabular patch and the progress of the osteoarthritis. 

Results & Discussion: The average follow-up time was 6.2 months. The average central-edge angle 

increased to (32.67±2.53)° postoperatively. The average surgical time was （1.13±0.23）h and the 

average blood loss was （114.17±41.22）ml. The VAS score improved from 2.92±0.79 preoperatively to 

0.83±0.72 postoperatively, the difference was statistically significant. The Harris score improved from 

69.67±4.62 preoperatively to 84.25±4.17 postoperatively, the difference was statistically significant. The 

imagines suggest a close contact between the tantalum acetabular patch and the iliac bone without 

loosening. 

Conclusions: The 3D printed customized porous tantalum metal hip reconstruction is a simple operation, 

with small damage to the patients and satisfactory therapeutic effect for the treatment of adult DDH in 

early stage. 
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QU FENG ZHI TONG CAPSULE INCREASED MECHANICAL PROPERTIES OF CORTICAL 

BONE AND PREVENT TRABECULAR BONE LOSS IN OVX MICE 
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Introduction: Qu Feng Zhi Tong capsule (QF) is used for rheumatoid arthritis clinically. Radix dipsaci, 

Radix angelicaepubescentis and Carthamustinctorius. Ohwi from QF were reported to promote 

osteogenesis and bone healing traditionally. Our previous study showed QF could increase biomechanical 

properties and morphology of cortical bone by promoting bone formation of periosteum and inhibiting 

bone absorption of endosteum in OVX-induced rats administrated for 12 weeks.  

Objective: In this study, we are going to investigate the effect of QF on preventing osteoporosis induced 

by ovariectomized mice administrated for 4 weeks to verify the results above and study the effect on 

trabecular bone. 

Methods: Sixty female 4-month-old Balb/c mice were ovariectomized and administrated with vehicle, 

different doses of QF (50, 500 and 5000 mg/kg/day, i.g. for HL-QF, HM-QF and HH-QF) and estradiol 

(0.1mg/kg/day, i.g.) for 4 weeks, separately, compared with Sham group administrated with vehicle. 

Body weights were recorded every week. After euthanasia, the uterus were weighted. The left femurs 

were surrounded by saline solution for three-point bending and micro-CT scan. 

Results: Compared to OVX group, HL-QF and HM-QF had no effect on uterus weight whlie estradiol 

increased uterus weight 2 folds in mice (P<0.001). Consistent with previous results, HL-QF also 

significantly increased the stiffness of diaphysis femur compared with OVX (P<0.05). However, HL-QF 

significantly increased periosteal perimeter (Ps.Pm) (P<0.05), meanwhile, it also significantly increased 

endocortical perimeter (Ec.Pm) (P<0.05). Finally, cortical bone fraction (%Ct.B) and cortical bone 

thickness (Cs.th) had no changes. Both HL-QF and estradiol significantly increased bone volume fraction 

(BV/TV) in the proximal tibia (P<0.05 for estradiol and P<0.01 for HL-QF) compared with OVX group.  

Conclusion: QF significantly increased mechanical properties of cortical bone and inhibited the bone loss 

of trabecular bone, without increasing uterus weight in OVX mice. Furthermore, QF had no effect on 

cortical bone fraction, because it increased both periosteal perimeter and endocortical perimeter, which 

led to the same cortical thickness as the OVX group. 
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NOV/CCN3 INDUCES CARTILAGE PROTECTION BY INHIBITING PI3K / AKT /MTOR  

PATHWAY VIA HMGB1 DOWNREGULATION. 
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Osteoarthritis (OA), an age-related degenerative joint disease, is pathologically characterized by articular 

cartilage degeneration and synovial inflammation [1]. It is one of the most common causes of pain and 

disability among aging populations worldwide [2]. Nephroblastoma Overexpressed Protein (NOV/CCN3), 

a matricellular protein, is a founding member of the CCN family (Cyr61, Ctgf, Nov) proteins [3]. CCN3 

exerted anti-inflammatory effects in endothelial cells via the inhibition of NF-κB nuclear accumulation 

[4]. Recent studies have indicated that CCN3 may act as a therapeutic target in OA [5]. However, the 

exact mechanism by which CCN3 alleviates osteoarthritis remains unknown. In this study, we confirmed 

that the expressions of CCN3 was declined in human and rat knee OA articular cartilage. Recombinant 

CCN3 ameliorated the IL-1β-Induced matrix catabolism such as MMP1, MMP3, MMP13, ADAMTS5 

and iNOS in vitro. Besides, the degradation of cartilage matrix such as collagen 2 and aggreacan could 

also be reversed by CCN3. Furthermore, we found CCN3 restored impaired autophagy with Atg5, 

Beclin1 and LC3-II increased. Moreover, the expression of High-mobility group box 1(HMGB1), the best 

characterized damage-associated molecular pattern(DAMP) molecules, is negatively correlated with 

CCN3 in osteoarthritis [6]. Our data showed CCN3 induces cartilage protection via HMGB1 

downregulation. CCN3 overexpression decreased the expression of HMGB1 and reversed the IL-1β 

induced MMPs production. Additionally, the activated PI3K/Akt/mTOR pathway could also be 

ameliorated by recombinant CCN3 or CCN3 overexpression. These results indicated that CCN3 

ameliorates the IL-1β-Induced catabolism, cartilage matrix degradation and restores impaired autophagy 

by suppressing PI3K/Akt/mTOR signaling pathway via HMGB1 downregulation. This study explored the 

protective mechanism of CCN3 in osteoarthritis and pointed out that CCN3 could serve as a novel 

potential therapeutic target for osteoarthritis. 
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Objective: Currently, there is no specific treatment for temporomandibular joint osteoarthritis (TMJ OA). 

Parathyroid Hormone (PTH) is the only FDA approved anabolic drug therapy available for 

the treatment of osteoporosis. Decreased histone deacetylase 4 (HDAC4) is associated with human 

osteoarthritis cartilage degeneration. Thus, the aim of this study is to explore whether parathyroid 

hormone (PTH) could improve OA through regulating histone deacetylase 4 (HDAC4) in cartilage and 

subchondral bone of TMJ.  

Methods: We established TMJ OA rat models by creating disordered occlusion. Cartilage degeneration 

was demonstrated by histological analysis, including H&E staining, Safranin O & Fast green staining and 

Masson staining. Mankin score system was used to quantify the changes. Immunohistochemical and 

immunofluorescence analysis of collagen X, collagen II, MMP13, Runx2 were further confirmed 

cartilage change in TMJ OA model with PTH treatment. Subchondral bone was characterized by micro-

CT analysis. Real-time PCR and western blot analysis were used to investigate the mechanism of HDAC4 

in PTH induced osteogenesis. 

Results: To investigate the effect of PTH on TMJ OA, we intermittently injected TMJ OA rats with 

40ug/Kg PTH (1-34) starting from 12-week-old to 16-week-old. The results showed that PTH 

significantly eased cartilage degeneration of early stage of TMJ OA through reducing expression of 

collage X and MMP13 in cartilage. Moreover, histomorphometry analysis showed that PTH up-regulated 

bone remodeling rate to accelerate bone formation in subchondral bone of TMJ. Meanwhile, decreased 

level of HADC4 expressed in cartilage and subchondral bone region of TMJ OA, which markedly 

increased upon PTH administration. Notably, PTH induced HDAC4 nuclear translocation to regulate 

Runx2 expression to rescue the cartilage degeneration and enhanced osteocalcin (OCN) expression in 

subchondral bone mesenchymal stem cells. In summary, intermittent treatment of PTH in TMJ OA 

increased bone formation of early stage of TMJ OA and improved cartilage degeneration. HDAC4 as a 

downstream factor of PTH might have potential role in regulating TMJ OA progression.  
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Extremely-low frequency electromagnetic fields (ELF-EMFs) have been considered as a potential 

candidate for the prevention and treatment of osteoporosis; however, their action mechanism is still 

elusive. Primary cilium is an organelle protruding from cell surface like a cellular antenna on almost 

every mammalian cell. We hypothesize that primary cilia are the sensor of osteoblasts for EMFs and play 

an important role in initiating osteogenic differentiation following EMF exposure. To verify this 

hypothesis, we had performed a series of experiments and obtained the following results. 1. When 

ciliogenesis of rat calvarial osteoblasts (ROBs) were inhibited by transfection of IFT88 siRNA, the 

osteogenesis-promoting effects of 50 Hz 0.6 mT pulsed EMFs (PEMFs) on ROBs were significantly 

attenuated (Yan et al, 2015). 2. BMPRII, the primary binding receptor of BMP ligand, was readily and 

strongly upregulated by PEMF treatment and localized at the bases of primary cilia. Abrogation of 

primary cilia with siRNA method abolished the PEMF-induced activation of BMP2-Smad1/5/8 signaling 

and the promoting effect on osteoblastic differentiation and maturation (Xie et al, 2016). 3. The same 

PEMFs significantly prevented the bone loss induced by hind limb suspension in rats by maintaining bone 

formation through signaling of the sAC/cAMP/PKA/CREB pathway. sAC and PKA were localizaed at 

primary cilia, but the latter left for cell body after being phosphorylated following PEMF exposure (Shi et 

al, 2017; Wang et al, 2019). 4. 50 Hz 1.8 mT sinusoidal EMFs (SEMF) promoted osteogenic 

differentiation and maturation of ROBs through activating the Wnt10b/β-catenin pathway. Wnt10b was 

normally localized at the bases of primary cilia, but released from the cilia upon SEMF treatment (Zhou 

et al, 2019). 5. Primary cilia were elongated to different degrees by different intensities of 50 Hz SEMFs, 

with the window effect being observed at 1.8 mT. These results indicated that primary cilia play an 

indispensable role in EMF-promoted bone formation, and act like a fuse of the blast for signal 

transduction cascades. Primary cilia could be primed by the low-energy EMF signals with window effect, 

and therefore released BMPRII, p-PKA and Wnt10b etc, which would go to initiate the downstream 

osteogenic signal transduction cascades in cell body. 
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Extremely-low frequency electromagnetic fields (ELF-EMFs) have been considered as a potential 

candidate for the prevention and treatment of osteoporosis; however, their action mechanism is still 

elusive. In this study, we firstly found that 50 Hz pulsed electromagnetic fields (PEMFs) at 0.6 mT 

increased the peak bone mass of growing rats. Western blotting analysis revealed that the protein 

expression level of estrogen receptor α (ERa) in femoral bone tissue of PEMFs-treated rats was 

significantly higher than that of the control, while the estrogen concentrations in serum of the two groups 

were similar. Consistently, PEMFs promoted the mineralization and maturation of in vitro-cultured rat 

calvarial osteoblasts (ROBs) accompanied by increased expression levels of ERa and p-ERa but not ERβ 

and p-ERβ. When ROBs were pretreated by ICI 182780, the specific antagonist of estrogen receptor, the 

mineralization and maturation of ROBs promoted by PEMFs were abolished. Similar results were 

obtained when the expression of ERa was blocked with a siRNA sequence. Interestingly, when the 

expression of ERa was blocked by ICI 182780 or siRNA, the insulin-like growth factor-1 receptor (IGF-

1R) and its downstream kinase ERK1/2 were not phosphorylated any more by PEMF treatment. To test 

whether PEMFs promote bone formation by activating IGF-1R/ERK1/2 signaling, the ROBS were 

pretreated by GSK or SCH, which were the antagonists of IGF-1R and ERK1/2 respectively. As a result, 

both antagonists significantly blocked the promoting effects of PEMFs on the mineralization and 

maturation of ROBs. Besides, they also blocked the increased expression of ERα induced by PEMF 

treatment. Furthermore, as we had recently found that PEMF-promoted bone formation needs the function 

of primary cilia (Yan et al 2015; Zhou et al 2019), here we tried to detect ERa, IGF-1R, ERK1/2 and their 

phosphorylated proteins that are localized in primary cilia. Only IGF-1R was found to be localized on the 

base of primary cilia which disappeared after PEMF treatment. When primary cilia were abrogated using 

a siRNA sequence targeted to IFT88, PEMFs could not phosphorylate IGF-1R and could not promote the 

osteogenic differentiation of ROBs. All these results indicate that PEMFs promote bone formation by 

activating IGF-1R/ERK1/2 signaling pathway mediated by ERa in the primary cilia of osteoblasts. 
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Microgravity is one of the main threats to the health of astronauts. Pulsed electromagnetic fields (PEMFs) 

have been considered as one of the potential countermeasures for bone loss induced by spaceflight. In this 

study, the selected optimal therapeutic parameters for PEMFs (50 Hz, 0.6 mT 50% duty cycle and 90 

min/d) was used to prevent bone loss in rats induced by hindlimb suspension, a commonly accepted 

animal model to simulate the space environment. It was found that PEMF treatment prevented about 50% 

of the decreased BMD and maximal loads, preserved the microstructure of cancellous bone and thickness 

of cortical bone, and inhibited the decreases in bone formation markers. PEMFs also blocked the 

decreases in serum levels of parathyroid hormone and its downstream signal molecule cAMP, and 

maintained the phosphorylation levels of PKA and CREB in bone tissue of femurs. The PEMFs-activated 

sAC/cAMP/PKA/CREB signaling was verified in rat calvarial osteoblasts (ROBs) cultured in vitro. 

Furthermore, the cAMP/PKA/CREB signaling was localized to primary cilia, as indicated by localization 

of soluble AC and phosphorylated PKA. Blocking ciliogenesis via siRNA knockdown of a cilium 

assembly protein, IFT88, inhibited PEMF-induced PKA and CREB phosphorylation and also abolished 

the osteogenic effect of PEMFs. These results demonstrate potential application of PEMFs in prevention 

of the bone loss induced by spaceflight, and reveal a new mechanism in which PEMFs increase bone 

formation by activating sAC/cAMP/PKA signaling pathway in primary cilia of osteoblasts. 
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Introduction:  Emerging evidence suggests that microRNAs (miRNAs) may be pathologically involved 

in osteoarthritis (OA). Subchondral bone sclerosis (SCB) is associated with the development and 

progression of knee osteoarthritis (KOA). In this study, we aimed to screen the miRNA biomarkers of 

KOA and investigated whether these miRNAs regulate the osteogenic and adipogenic differentiation of 

mesenchymal stem cells (MSCs) and thus contributing to SCB. We identified 48 miRNAs in the blood 

samples in KOA patients (n=5) through microarray expression profiling detection. After validation with 

larger sample number , we confirmed hsa-miR-582-5p and hsa-miR-424-5p were associated with the 

pathology of SCB sclerosis. Target genes prediction and pathway analysis were implemented with 

online databases, indicating these two candidate miRNAs were closely related to the pathways 

of pluripotency of stem cells and pathology of OA. Surprisingly, mmu-miR-582-5p (homology of hsa-

miR-582-5p) was down-regulated in osteogenic differentiation and up-regulated in adipogenic 

differentiation of mesenchymal progenitor C3H10T1/2 cells, whereas mmu-mir-322-5p (homology 

of hsa-miR-424-5p) showed no change through the in vitro study. Supplementing mmu-miR-582-5p 

mimics blocked osteogenic and induced adipogenic differentiation of C3H10T1/2 cells, whereas silencing 

of the endogenous mmu-miR-582-5p enhanced osteogenic and repressed adipogenic differentiation. 

Further mechanism studies showed that Runx2 was a direct target of mmu-miR-582-5p. Mutation of 

putative mmu-miR-582-5p binding sites in Runx2 3’UTR could abolish the response of the 3’UTR-

luciferase construct to mmu-miR-582-5p supplementation. Taken together, our data suggest that miR-582-

5p is an important biomarker of KOA and is able to regulate osteogenic and adipogenic differentiation of 

MSCs via targeting Runx2. The study also suggests that miR-582-5p may play a crucial role in 

subchondral bone sclerosis of human KOA.    
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Introduction:  Emerging evidence suggests that microRNAs (miRNAs) may be pathologically involved 

in osteoarthritis (OA). Subchondral bone sclerosis (SCB) is associated with the development and 

progression of knee osteoarthritis (KOA). In this study, we aimed to screen the miRNA biomarkers of 

KOA and investigated whether these miRNAs regulate the osteogenic and adipogenic differentiation of 

mesenchymal stem cells (MSCs) and thus contributing to SCB. We identified 48 miRNAs in the blood 

samples in KOA patients (n=5) through microarray expression profiling detection. After validation with 

larger sample number , we confirmed hsa-miR-582-5p and hsa-miR-424-5p were associated with the 

pathology of SCB sclerosis. Target genes prediction and pathway analysis were implemented with 

online databases, indicating these two candidate miRNAs were closely related to the pathways 

of pluripotency of stem cells and pathology of OA. Surprisingly, mmu-miR-582-5p (homology of hsa-

miR-582-5p) was down-regulated in osteogenic differentiation and up-regulated in adipogenic 

differentiation of mesenchymal progenitor C3H10T1/2 cells, whereas mmu-mir-322-5p (homology 

of hsa-miR-424-5p) showed no change through the in vitro study. Supplementing mmu-miR-582-5p 

mimics blocked osteogenic and induced adipogenic differentiation of C3H10T1/2 cells, whereas silencing 

of the endogenous mmu-miR-582-5p enhanced osteogenic and repressed adipogenic differentiation. 

Further mechanism studies showed that Runx2 was a direct target of mmu-miR-582-5p. Mutation of 

putative mmu-miR-582-5p binding sites in Runx2 3’UTR could abolish the response of the 3’UTR-

luciferase construct to mmu-miR-582-5p supplementation. Taken together, our data suggest that miR-582-

5p is an important biomarker of KOA and is able to regulate osteogenic and adipogenic differentiation of 

MSCs via targeting Runx2. The study also suggests that miR-582-5p may play a crucial role in 

subchondral bone sclerosis of human KOA.    

 

 

mailto:hongtingjin@163.com


 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

196 
 

GLI1 IDENTIFIES OSTEOGENIC PROGENITORS FOR BONE FORMATION AND 

FRACTURE REPAIR 
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Bone formation in mammals requires continuous production of osteoblasts throughout life. A common 

molecular marker for all osteogenic mesenchymal progenitors has not been identified. Here, by lineage-

tracing experiments in fetal or postnatal mice, we discover that Gli1+ cells progressively produce 

osteoblasts in all skeletal sites. Most notably, in postnatal growing mice, the Gli1+ cells residing 

immediately beneath the growth plate, termed here “metaphyseal mesenchymal progenitors” (MMPs), are 

essential for cancellous bone formation. Besides osteoblasts, MMPs also give rise to bone marrow 

adipocytes and stromal cells in vivo. RNA-seq reveals that MMPs express a number of marker genes 

previously assigned to mesenchymal stem/progenitor cells, including CD146/Mcam, CD44, CD106/ 

Vcam1, Pdgfra, and Lepr. Genetic disruption of Hh signaling impairs proliferation and osteoblast 

differentiation of MMPs. Removal of β-catenin causes MMPs to favor adipogenesis, resulting in 

osteopenia coupled with increased marrow adiposity. Finally, postnatal Gli1+ cells contribute to both 

chondrocytes and osteoblasts during bone fracture healing. Thus Gli1 marks mesenchymal progenitors 

responsible for both normal bone formation and fracture repair. 
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Paget’s disease of bone is typically more commonly seen in patients older than 55 years of age, but also 

can be seen in younger patients, called early-onset Paget’s disease of bone (EoPDB).  To clarify the 

possible genetic mechanisms of EoPDB, we investigated a 24-year-old girl diagnosed with EoPDB 

clinically, genetically, and radiographically. The girl had a progressive lesion on right side of skull and 

pain in the right knee and left ankle for one year. Radiograph examinations and whole-body bone 

scintigraphy revealed an actively reactive bone remodeling in focal skull and left ankle. High-throughput 

sequencing was performend and sanger sequencing was used to confirm the result. DNA sequencing 

showed that the patient harbored a novel heterozygous missense mutation in TNFRSF11A gene, which is 

also a DeNovo mutation not found in the other members of the pedigree. Bioinformatics softwares were 

used to predict the dysfunction of the mutated protein and its 3D structure, indicating it a damaging 

mutation and possible structure-changing. The novel TNFRSF11A gene mutation may contribute to the 

etiology of EoPBD. 
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Objective: Angiogenesis is closely associated with bone formation during normal bone development and 

is important for the bone formation. Increasing studies indicate that Cucurbitacin E (CuE), a derivative 

isolated from Cucurbitaceae plants may exert multiple biological functions effect. In this study, we 

observed the angiogenesis effect of CuE in human EA.hy926 cells, and further explore the detailed 

molecular mechanism involved in its angiogenesis and bone formation effect.  

Materials and methods: We used an in vitro angiogenesis model which employs the ability of an 

endothelial-derived cell line (EA hy926) to form tubelike structures resembling capillaries when plated on 

the Matrigel. The expression of signal-transduction protein expression was determined by quantitative 

real-time PCR and Western blot. 15-mm segmental defects in the ulna were created in New Zealand 

White rabbits and filled with or without PLGA/TCP/CuE scaffold, and the bone and new vascular 

formation was evaluated at 12 week post-implantation by mircoCT assay. 

Results: We reported that EA hy926 cells incubated for 16 hours with CuE, formed tubelike structures 

reflecting in vitro angiogenesis in a dose dependent manner with no apparent cytotoxicity. Control cells, 

not incubated with CuE, did not form tubelike structures. Meanwihle, CuE stimulated phosphor-VEGFR 

(Tyr996) activity and increases MMP2 mRNA expression. Furthermore, osteogenesis and angiogenesis 

effects were observed in bone defects by MicroCT analysis. 

Conclusions: These findings suggest that CuE had potential property for angiogenesis which is involved 

in its bone formation activity via VEGFR and MMP related pathway. 
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Objective: To observe the effect of Cyclic mechanical stretching on promoting tendon healing and 

reducing tendon adhesion during the healing process of flexor digitorum tendon in rats, and to study the 

distribution of TGF-β3 and CREB.  

Methods: Eighteen male SD rats aged from 2 to 3 months were divided into experimental group(group 

A), control group(group B) and blank group(group C) randomly and the first two groups were established 

the flexor tendon injury-healing model for the second to fifth digits of the hind limbs on both sides. The 

tendons of group A was stretched passively for one week after the operation. To observe tendon healing 

by anatomical and histological observation and to detect the expression of TGF-β3 and CREB through the 

QRT-PCR and immunohistochemistry method at 1, 2, 4 and 8 weeks postoperatively.  

Results: General observation showed that the collagen fibers were more compact, the degree of adhesion 

was less and the tendon sliding was better in group A as compared with the group B (P<0.05). The 

expression level of TGF-β3, CREB in group A is higher than that in group B (P<0.05). TGF-β3 had 

maximum expression on 2 week and CREB had maximum expression on 4 week. 

Conclusion: Cyclic mechanical stretching can promote the healing of flexor tendon, reduce tendon 

adhesion, and may increase the mechanical strength of tissue. The phenomenon is related to the 

expression of TGF-β3 and CREB. It provides a new idea for the treatment on tendon injury. 
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Background: Osteoarthritis patients are increasing, which brings great life obstacles for patients. Gait 

analysis can reveal the key factors of abnormal gait, help early clinical diagnosis, and guide patients to 

rehabilitation.  

Objective: To explore the multi-compartment osteoarthritis model induced by anterior cruciate ligament 

reconstruction combined with patella dislocation and analyze its gait characteristics.  

Methods: Six healthy female Bama mini pigs at 18 months old. The right Hind limb (RH) underwent 

anterior cruciate ligament reconstruction combined with patella dislocation to Induce multi-compartment 

osteoarthritis, the experiment group. The left hind limb (LH) is not treated, the control group. Gait data 

were collected before surgery and 7, 15, 30, 45, 60, 75, 90 days after surgery. Gait parameters of LH and 

RH, load body weight, contact area, impulse, local peak force, swing phase and stance phase, were 

analyzed.  

Results: All gait parameters of LH and RH are basically equal, no statistical difference(U>0.05), in a 

state of health. The postoperative changes of gait parameters, load body weight, contact area, impulse, 

were consistent. 60 days after surgery, RH returned to the highest level, but still had significant difference 

compared with LH(U<0.05). So, the differences between LH and RH had statistical significance at the 

different detection times after the operation(U<0.05). The local peak force of RH was restored to the best 

level at 60 days and 75 days after surgery, the difference was not statistically significant compared with 

LH, (U>0.05). But there were statistical differences in 7 ,15, 30, 45, 90days of local peak force(U<0.05). 

The swing phase recovery of RH was the fastest. Only 7 days and 15 days after surgery, statistically 

significant were existed between LH and RH(U<0.05), and no significant difference other times(U>0.05). 

The stance phase of RH had statistically different compared LH at 7 days, 15 days, and 30 days after 

surgery(U<0.05), and returned to the absence of significant difference compared with LH at 45 days after 

surgery(U>0.05).  

Conclusion: Multi-compartment OA model can be induced by anterior cruciate ligament reconstruction 

combined with patella dislocation and clarify its gait characteristics. 
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Objectives: To investigate the role of tyrosine kinase Fyn in the development of osteoarthritis (OA) and 

the underlying mechanisms, and to define whether targeting Fyn could prevent OA in mice. 

Methods: Cartilage samples from normal and aged mice were analyzed with proteome-wide screening. 

Fyn expression was examined with immunofluorescence in human and age-dependent or experimental 

mouse OA cartilage samples. Experimental OA in Fyn-knockout mice was induced by destabilization of 

the medial meniscus. Primary cultured mouse chondrocytes were treated with proinflammatory cytokine 

interleukin-1β. The inhibitor of Src kinase family, AZD0530 (Saracatinib), and inhibitor of Fyn, PP1, 

were used to treat experimental OA in mice. 

Results: Fyn expression was markedly upregulated in human OA cartilage and in cartilage from aged 

mice and those with post-traumatic OA. Fyn accumulates in articular chondrocytes and interacts directly 

with and phosphorylates β-catenin at Tyr142, which stabilizes β-catenin and promotes its nuclear 

translocation. The deletion of Fyn effectively delayed the development of post-traumatic and age-

dependent OA in mice. Fyn inhibitors AZD0530 and PP1 significantly attenuated OA progression by 

blocking the β-catenin pathway and reducing the levels of extracellular matrix catabolic enzymes in the 

articular cartilage. 

Conclusions: Fyn accumulates and activates β-catenin signaling in chondrocytes, accelerating the 

degradation of the articular cartilage and OA development. Targeting Fyn is a novel and potentially 

therapeutic approach to the treatment of OA. An inhibitor of SFKs, AZD0530, and an inhibitor of Fyn, 

PP1, delay the development of OA and are therefore potential drugs for the treatment of this disease. 
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ENZYMES-LOADED ZIF-8 NANOCRYSTALS TARGET SYNOVIAL MACROPHAGES FOR 

METABOLIC REPROGRAMMING TO ATTENUATE OSTEOARTHRITIS 

Feng Zhou1, Ting-ting Tang1 

1Shanghai Key Laboratory of Orthopaedic Implants, Department of Orthopaedic Surgery, Shanghai Ninth 

People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, PR China 

 

Objective: Zeolitic imidazolate framework-8 (ZIF-8) as an emerging type of biomaterials has been 

widely applied in scientific research for its superior attributes. The aim of this study is to synthesize 

enzymes-loaded ZIF-8 nanocrystals that could not only rectify mitochondrial function but also regulate 

intracellular gas production in macrophages. Through the metabolic reprogramming and gas therapy 

strategy, we sought to investigate the effects of enzymes-loaded ZIF-8 nanocrystals on M1/M2 

macrophages polarization transforming and the following inhibition on chondrocytes degradation. The 

mechanism how nanocrystals transforming macrophages polarization and attenuating osteoarthritis (OA) 

progression will be investigated. 

Methods: S-Methylisothiourea hemisulfate salt (SMT) was loaded to inhibit increased inducible nitric 

oxide synthase (iNOS) hence suppressing nitric oxide (NO) induced mitochondrial respiration disorder. 

Catalase (CAT) was loaded into ZIF-8 nanocrystals to catalyze hydrogen peroxide (H2O2) to produce 

oxygen (O2), therefor reducing hypoxia-inducible factor 1α (HIF-1α) which is important for M1 

macrophages polarization. To target M1 macrophages, anti-CD16/CD32 antibody was modified to ZIF-8 

nanocrystals (ZIF-8-Ab). RAW264.7 macrophages were induced to M1/M2 subtypes and simultaneously 

treated with various ZIF-8 nanocrystals. Polarity transitions were monitored by confocal observation and 

flow cytometry analysis. Metabolism reprograming of macrophages were evaluated by Seahorse 

metabolic flux analysis. Chondrogenic cell line ATDC5 were treated with conditioned medium (CM) of 

macrophages and chondrocytes hypertrophy were determined. The theranostic effects of nanocrystals 

were verified in anterior cruciate ligament transection (ACLT) induced OA model. 

Results: The enzymes-loaded ZIF-8 nanocrystals were demonstrated to remedy mitochondrial function, 

which is attributed to the increased succinate dehydrogenase activity after nanocrystals treatment. Via 

regulating intracellular gas production, HIF-1α was inhibited and mitochondrial function was rescued. 

Nanocrystals reprogrammed macrophages metabolism, hence propel macrophages polarization 

transforming, verified by confocal observation and flow cytometry analysis. In addition, the nanocrystals 

attenuated the macrophages CM-induced chondrocytes hypertrophy. In vivo, nanocrystals treatment 

reduced the infiltration of pro-inflammatory M1 type macrophages while up-regulated M2 type 

macrophages in synovial membrane, thus reducing chondrocytes apoptosis and attenuating the cartilage 

degeneration. 

Conclusions: The enzymes-loaded ZIF-8 nanocrystals could reprogram macrophages metabolism hence 

regulate macrophages polarization. The results of in vivo study suggest that targeting synovial 

macrophages polarization by ZIF-8 nanoparticles could be an effective therapeutic candidate for OA 

treatment.  
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PH-SENSITIVE NANOFORMULATED TRIPTOLIDE AS A TARGETED THERAPEUTIC 

STRATEGY FOR RHEUMATOID ARTHRITIS 

Y Liu, MD.1 #, JQ Jin, MD.1,2, WA Zhang, Ph.D.2*, QQ Liang, Ph.D. 1,3*  

1 Longhua Hospital, Shanghai University of Traditional Chinese Medicine, 725 South Wanping Road, 

Shanghai 200032, China 2.Shanghai Key Laboratory of Advanced Polymeric Materials, East China 

University of Science and Technology, 130 Meilong Road, Shanghai 200237, China. 

Purpose: Rheumatoid arthritis (RA) is a chronic, systemic, and progressive inflammatory polyarthritis, 

which can cause joints pain, swelling, cartilage and bone defects. The best packaging of holistic therapy 

for RA will involve two components: a potent anti-inflammatory therapeutic and a rationally designed 

drug delivery vehicle to enrich the target site concentration and sustained release of the drug. The natural 

product, triptolide (TP), which is an effective anti-inflammatory compound, has been used for RA in 

clinical. However, the potential clinical application of triptolide is limited due to its poor solubility and 

high toxicity. Drug delivery systems responding to inflammatory acidic pH environment can be 

constructed by using nanomaterials as carriers combined with TP. Through targeting and nano-drug 

sustained release, the toxic and side effects of drugs can be reduced and therapeutic effects can be 

improved.  

Methods: We prepared a star-shaped amphiphilic block copolymer with hydrophobic POSS as core, and 

introduced PH-responsive poly methyl amino-ethyl methacrylate (PDMAEMA) in the hydrophilic part. 

After blending with the hydrophobic drug TP, the star-amphiphilic block copolymer can self-assemble 

nanoparticles in the water phase, in order to construct an intelligent nano-drug (TP@NPs) with passive 

targeting and slow release of pH response. The effects of TP@NPs on cell survival, apoptosis and ROS 

production were detected in RAW264.7 cells. RAW264.7 cells pretreated with TP or TP@NPs for 2 

hours were stimulated with LPS/IFN-γ to detect their anti-inflammatory levels in vitro. NPs group and 

saline group were used as control group, TP@NPs group and free TP component of the same amount of 

TP were given high and low doses (0.15mg/kg/3 days and 0.075mg/kg/3 days) to treat collagen induced 

arthritis mice for 30 days. Symptom score (once every three days), ABOG and TRAP staining were 

recorded to observe bone destruction and osteoclast formation, micro-CT was used to observe bone 

volume, HE staining and biochemical indexes of liver and kidney were used to observe drug toxicity.  

Results: Compared with TP, TP@NPs could effectively improve the survival rate of RAW264.7 

cells(P<0.05). The apoptosis rate of TP was 26.6±8.052, while that of TP@NPs was 1.693 ±0.1617 

(P<0.01).The proportion of ROS produced by TP was 10.97±0.5774, which was reduced to 3.68±0.51 by 

TP @NPs (P<0.01). Q-PCR showed that TP@NPs and TP had the similar effect on inhibiting 

inflammation in vitro (P>0.05). In vivo study, the serum AST (n=5, P=0.0083), ALT (n=5, P=0.0013), 

CRE (n=5, P=0.0069) and BUN (n=5, P=0.0312) in TP@NPs (containing high dose TP) treated CIA 

mice were significantly lower than those in high dose TP group. HE staining showed histomorphological 

abnormalities of liver, kidney and spleen in high dose TP treated CIA mice, while the structure of those 

organs in TP@NPs (containing high dose TP) group maintained normal. Furthermore, the score of CIA 

mice (n=10, P<0.05), and the serum level of IL-1β, IL-6 and TNF-α(n=5, P<0.05) of TP@NPs 

(containing low dose TP) group were lower than low dose TP group. ABOG and TRAP staining and 

micro-CT showed that TP@NPs (containing low dose TP) effectively reduce the destruction of articular 

cartilage, synovial hyperplasia and osteoclast production (n=10, P<0.05), and the loss of talus bone mass 

(0.95±0.1108 VS 1.133 ±0.09074 n=9, P=0.007). In vivo imaging showed that TP@NPs was able to 

target inflammatory joints of CIA mice, but not normal mice (the fluorescence intensity was 1247 ± 108.2, 

n=3, 12 limbs VS 3093 ± 496.4, n=3, 12 limbs) at 24 h.  

Conclusion: The nano-drug can achieve the sustained release of TP, maintain a good blood concentration, 

improve water solubility, improve the efficacy, reduce toxic side effects, and can be candidate therapy for 

RA. 
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GUT MICROBIOTA REGULATES INFLAMMATORY ALVEOLAR BONE LOSSUNDER 

ESTROGEN DEFICIENCY 

Xiaoyue Jia1, 2, Xin Xu*1, 2, Xuedong Zhou*1, 2.  

1 State Key Laboratory of Oral Diseases, West China Hospital of Stomatology, Sichuan University, 

Chengdu 610041, P.R. China, 2 Department of Operative Dentistry and Endodontics, West China 
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Postmenopausal osteoporosis (PMO) is a potential risk factor for inflammatory alveolar bone diseases, 

periodontitis and periapical periodontitis included [1, 2]. Current medications for PMO, such as 

bisphosphonates and estrogen supplements, can prevent the aggravated inflammatory alveolar bone loss 

due to estrogen deficiency [2, 3]. Gut microbiota, which closely relates to physiological bone remodeling, 

has been recognized as a promising therapeutic target for PMO [4-6]. Gut microbial regulators, including 

natural alkaloid berberine and probiotics, have shown their effectiveness in the treatment of metabolic 

diseases such as obesity and diabetes via regulating gut microbiota [7, 8]. We hypothesize that berberine 

and probiotics can ameliorate inflammatory alveolar bone loss under estrogen-deficient condition through 

regulating gut microbiota. By establishing experimental periodontitis and periapical periodontitis animal 

models in ovariectomized (OVX) rats, we have demonstrated that estrogen deficiency increases alveolar 

bone loss in periodontitis/periapical-periodontitis and aggravates systemic and local inflammatory 

responses. Further studies have showed that intestinal epithelial paracellular permeability affected by gut 

microbial metabolite butyrate is closely associated with circulating endotoxin level as well as systemic 

and local inflammatory responses, subsequently participating in the regulation of alveolar bone 

remodeling and alveolar bone loss. Berberine/probiotics treatment enhance intestinal epithelial barrier 

function by increasing gut butyrate-producing bacteria and butyrate production, thus attenuating systemic 

and local inflammatory responses and inhibiting the enhanced alveolar bone loss induced by estrogen 

deficiency in both periodontitis and periapical periodontitis. Taken together, gut microbiota can be a 

potential target for the treatment of inflammatory alveolar bone diseases under estrogen deficient 

condition, and berberine/probiotics represent a promising adjuvant therapeutic against inflammatory 

alveolar bone loss in postmenopausal women by modulating gut microbiota. 
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Objective: Network pharmacology and bioinformatics methods were used to predict the related targets or 

pathways of Rhizoma drynariae for anti-osteoporosis, animal and cell experiments were conducted to 

verify the related pathways and their mechanism of action.  

Methods: First of all, on the basis of pharmacokinetic and structural similarity, predict the possibility of 

Rhizoma drynariae targets, again literature search was conducted to identify known osteoporosis 

treatment targets, which were then combined with the predicted targets to construct the direct or indirect 

target interaction network map of Rhizoma drynariae against osteoporosis. Through topological 

calculation, the core target of the interaction was obtained through the topological calculation, and the 

main action pathway was enriched, so as to conduct molecular docking simulation verification for the key 

target of the bone marrow steatosis related pathway. The reduction of femoral bone marrow steatosis, 

bone mineral density and serum bone metabolism indexes, as well as the predicted changes of related 

pathways or key target proteins and RNA were observed in SD rats after intragastric administration of 

Rhizoma drynariae for 3 months. The osteoblast/lipoblast and BMSCs/ lipoblast co-culture systems were 

then treated with serum containing Rhizoma drynariae to observe changes in cell phenotype and detect 

changes in related pathways or key targets. 

Results: It was predicted by network pharmacology that the active constituents of Rhizoma drynariae 

may be combined with Wnt3a target, through the Wnt signaling pathway, FoxO signaling pathway and 

signaling pathways regulating pluripotency of stem cells play a role of anti osteoporosis;Further 

experiments confirmed that Rhizoma drynariae can be combined with Wnt3a, then activate the WNT 

pathway, and dynamically balance through FoxO-β-catenin-PPARγ signal Crosstalk, to inhibit lipogenic 

differentiation, enhance the antioxidant capacity of BMSCs and osteoblasts, promote osteoblastic 

differentiation and proliferation, thereby reducing bone marrow steatosis and playing an anti-osteoporosis 

role. 

Conclusions: The network pharmacological prediction combined with the basic experiment confirmed 

that Rhizoma drynariae may play an anti-osteoporosis role by regulating the FoxO-β-catenin-PPARγ 

signal axis to reduce the bone marrow steatosis. 
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Lorem ipsum dolors sit met, consectetuer adipiscing elit. Aenean commodo ligula eget dolor. Aenean 

massa. Cum sociis natoque penatibus et magnis dis parturient montes, nascetur ridiculus mus. Donec 

quam felis, ultricies nec, pellentesque eu, pretium quis, sem. Nulla consequat massa quis enim. Donec 

pede justo, fringilla vel, aliquet nec, vulputate eget, arcu. In enim justo, rhoncus ut, imperdiet a, venenatis 

vitae, justo. Nullam dictum felis eu pede mollis pretium. Integer tincidunt. Cras dapibus. Vivamus 

elementum semper nisi. Aenean vulputate eleifend tellus. Aenean leo ligula, porttitor eu, consequat vitae, 

eleifend ac, enim. Aliquam lorem ante, dapibus in, viverra quis, feugiat a, tellus. Phasellus viverra nulla ut 

metus varius laoreet. 

Quisque rutrum. Aenean imperdiet. Etiam ultricies nisi vel augue. Curabitur ullamcorper ultricies nisi. 

Nam eget dui. Etiam rhoncus. Maecenas tempus, tellus eget condimentum rhoncus, sem quam semper 

libero, sit amet adipiscing sem neque sed ipsum. Nam quam nunc, blandit vel, luctus pulvinar, hendrerit 

id, lorem. Maecenas nec odio et ante tincidunt tempus. Donec vitae sapien ut libero venenatis faucibus. 

Nullam quis ante. Etiam sit amet orci eget eros faucibus tincidunt. Duis leo. Sed fringilla mauris sit amet 

nibh. Donec sodales sagittis magna. Sed consequat, leo eget bibendum sodales, augue velit cursus nunc, 

quis gravida magna mi a libero. Fusce vulputate eleifend sapien. Vestibulum purus quam, scelerisque ut, 

mollis sed, nonummy id, metus. 

Nullam accumsan lorem in dui. Cras ultricies mi eu turpis hendrerit fringilla. Vestibulum ante ipsum 

primis in faucibus orci luctus et ultrices posuere cubilia Curae; In ac dui quis mi consectetuer lacinia. 

Nam pretium turpis et arcu. Duis arcu tortor, suscipit eget, imperdiet nec, imperdiet iaculis, ipsum. Sed 

aliquam ultrices mauris. Integer ante arcu, accumsan a, consectetuer eget, posuere ut, mauris. Praesent 

adipiscing. Phasellus ullamcorper ipsum rutrum nunc. Nunc nonummy metus. Vestibulum volutpat 

pretium libero. Cras id dui. Aenean ut eros et nisl sagittis vestibulum. Nullam nulla eros, ultricies sit amet, 

nonummy id, imperdiet feugiat, pede. Sed lectus. Donec mollis hendrerit risus. Phasellus nec sem in justo 

pellentesque facilisis. Etiam imperdiet imperdiet orci. Nunc nec neque. Phasellus leo dolor, tempus non, 

auctor et, hendrerit quis, nisi. Curabitur ligula sapien, tincidunt non, euismod vitae, posuere imperdiet, leo. 

Maecenas malesuada. Praesent congue erat at massa. Sed cursus turpis vitae tortor. Donec posuere 

vulputate arcu. Phasellus accumsan cursus velit. Vestibulum ante ipsum primis in faucibus orci luctus et 

ultrices posuere cubilia Curae; Sed aliquam, nisi quis porttitor congue, elit erat euismod orci, ac placerat 

dolor lectus quis orci. Phasellus consectetuer vestibulum elit. 
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THE DOSE EFFECTS OF MG-BASED MICRO BONE IMPLANTS ON OSTEO-

COMPATIBILITY AND OSTEOIMMUNOMODULATORY 
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Magnesium (Mg) is known as one of the most abundant mineral elements in our body which half of it is 

stored in bone-related tissues[1]. It is proved that Mg ions (Mg2+) can stimulate  new bone formation [2] 

and  Mg-based implants have similar mechanical properties with natural cortical bone, which make Mg 

the most favorite biodegradable metallic implant material in bone tissue repair and regeneration. However, 

the severe corrosion rate and consequent formation of Hydrogen (H2) gas cavities in poorly vascularized 

tissues like bone cause oxygen deficiency and increase of pH around the implantation area [1]. Therefore, 

the dimensions of an Mg-based bone implant is the crucial factor in the design of such implants. Mg-

based micro bone implants (sub-millimeter scale) with much lighter mass and negligible surface area 

compared to bigger implants can definitely mitigate those mentioned limitations in the application of Mg-

based implants for clinical application. Interestingly, dependency of the bone biological feedbacks to the 

dose of micro Mg implants has not been fully understood yet. In this study, the influences of the dose of 

Mg-based micro bone implants on osteo-compatibility and osteoimmunomodulatory were thoroughly 

investigated in vitro. Three different sizes of pure Mg micro-scale implants representing three different 

doses (i.e. High dose (HD), Medium dose (MD), Low dose (LD)) were used to study the dose dependency 

of metabolic activity and morphological changes of both hBMSC (human bone marrow stromal cells) and 

macrophages (RAW cells) on the size of Micro implants. Additionally, osteoimmunomodulatory 

influence of the applied Mg implants on macrophages under the inflammatory condition was dynamically 

evaluated. Mg dose effects on the anti-inflammatory property of micro-implants were studied by qPCR 

and ELISA to further investigate inflammatory cytokine production and bone tissue healing properties. 

The results showed that the dose of applied Mg micro-implants significantly changed the metabolic 

activity of both mesenchymal stem cells and innate immune cells. Furthermore, different doses of Mg 

showed different levels of the anti-inflammatory property. In conclusion, the results of this study can 

advance the application of Mg-based micro implants in clinical bone tissue regeneration. 
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Purpose: The objectives were to genetically modify BMSCs for OPG overexpression, and investigate the 

anti-osteoclastogenic effect of OPG gene-modified BMSCs in vitro and bone regeneration in a critical-

sized mandibular bone defect of ovariectomized (OVX) rat. 

Methods: In vitro, BMSCs were transfected with human OPG adenoviruses (OPG-BMSCs). RT-PCR 

and Western blot analysis were performed to detect OPG gene expression and protein secretion. Alizarin 

Red Staining was performed to estimate the effect on osteogenic differentiation of OPG-BMSCs and bone 

resorption experiment was taken to test the bone protective function from OPG-BMSCs. In vivo, 

osteoporosis rat models were constructed by bilateral ovariectomy and OPG-BMSCs seeded HA scaffolds 

were planted in the critical-sized bone defect of mandible. The sample tissues were collected at 4, 6 and 8 

weeks after implantation for micro-CT scanning and histology examination. 

Results: Rat BMSCs were infected with human OPG adenoviruses (OPG-BMSCs). The gene-modified 

cells expressed higher OPG gene level than the control Ad-BMSCs (p < 0.05) and maintained high 

expression of OPG protein for more than 2 weeks. In vitro bone resorption experiment demonstrated that 

OPG-BMSCs were capable to suppress osteoclast differentiation and subsequently inhibit osteoclast-

mediated bone resorption. The micro-CT and histological results showed that OPG-BMSCs-HA 

constructs boosted bone formation and reduced osteoclastogenesis in OVX rat mandibular bone defects. 

Conclusion: The novel OPG-BMSCs-HA constructs were able to orchestrate bone-forming BMSCs and 

bone-resorbing osteoclasts, demonstrating good potential for osteoporotic-related bone defect 

reconstruction. 
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In the temporomandibular joint (TMJ), the mandibular condyle cartilage play key biomechanical roles in 

daily activities such as chewing and speaking1. TMJ osteoarthritis (TMJ OA), the most prevalent 

degenerative TMJ disease2, leads to abnormal joint contact, craniomandibular pain and limited jaw 

motion3. This study is to explain the change of temporomandibular joint (TMJ) cartilage biomechanical 

properties during osteoarthritis progression in murine models. Unilateral anterior crossbite (UAC) was 

performed using 6-week-old mice as we previously reported. UAC and control groups were harvested at 3 

days, and 3, 7, 11, 15 and 19 weeks after modeling. An atomic force microscopy-based imaging and 

indentation approach is used to quantify the elastic modulus (E) and surface roughness (Ra). Scanning 

electron microscope (SEM) images was used to reveal detailed collagen fibril structure and change of 

proteoglycans. Picrosirius staining under polarized light and safranin-o/fast green-stained images was 

used to show histological OA progress. The elastic modulus of TMJ cartilage was reduced at 3, 7 and 11 

weeks, while increased at 15, 19 weeks. The surface roughness was increased at 3, 7, 19 weeks, then 

reduced at 11 and 15 weeks. SEM images revealed collagen fibril disorder and proteoglycan decrease. 

Picrosirius staining images showed the changes in different collagen contents, and safranin-o/fast green-

staining images showed the thinned cartilage and reduced proteoglycan. This study reveals an unique 

biomechanical change of the TMJ cartilage during osteoarthritis progression at the nanoscale, and 

provides a basis for future investigation on osteoarthritis of murine TMJ. 
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Bone and muscle are connected as a functional unit and show synchronization throughout lifespan. The 

mechanical coupling of bone and muscle is readily appreciated, with bone providing the attachment sites 

and muscle loading the bone for locomotion1. Recently, it has been shown that the two tissues bi-

directionally communicate through secreted factors. Given that osteocytes compose 90-95% of total bone 

cells compared to other bone cell types in adult, these cells are a likely source that secrets majority of 

circulating factors2. Connexin (Cx) 43, a protein richly present in osteocytes, forms functional gap 

junctions and hemichannels that mediate cell-cell and cell-extracellular communication, respectively, in 

osteocytes. To test if these channels are functionally involved in bone-muscle crosstalk, we used two 

Cx43 dominant negative mutant transgenic mouse models: R76W, a dominant negative mutant that 

blocks only gap junction channels; and Δ130-136, a dominant negative mutant that inhibits both gap 

junctions and hemichannels. The muscle mass and contractile function were determined in vivo, and the 

effects of primary osteocytes secreted factors on myogenesis of C2C12 myoblast were measured. 

Hematoxylin and eosin (H&E) stain on paraffin sections of gastrocnemius (GS) showed a decrease 

(10.6%) of muscle mass only in Δ130-136 compared to that of WT mice, but not in R76W mice. qPCR 

showed significant down-regulation of important myogenic markers Mrf4 and Myf5 in GS of both Δ130-

136 and R76W mice. Isometric force of GS in Δ130-136 and R76W was decreased by 43% and 36%, 

respectively compared to WT mice. A significant reduction of fiber number of soleus (SOL) was seen in 

both types of transgenic mice. Conditioned media 4 were collected from primary osteocytes isolated from 

3-month-old Δ130-136, R76W and WT mice, respectively, and were used to culture C2C12 myoblast. 

Interestingly, treatment of CM from osteocytes of Δ130-136 significantly inhibited the differentiation of 

C2C12, with a reduction of myotube number/diameter and fusion index, while this difference was not 

shown with CM from R76W-expressed osteocytes. 

Collectively, these findings reveal the important roles of osteocytic gap junctions and hemichannels in 

modulating skeletal muscle structure and function; hemichannels in maintaining of muscle mass and 

regulation on myogenesis, while gap junctions in regulating muscle force and myofiber number. 
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Osteoarthritis (OA), a prevalent joint disease, is one of the most important causes of pain, falls and 

disability1. It has been known that mechanical factors play important roles in the progress of 

osteoarthritis2. Appropriate loading is required for the maintenance of healthy joint, while abnormal 

loading leads to the joint degeneration. The purpose of this study is to evaluate the effects of loading 

(swimming) and unloading (immobilization) on the progress of OA using the well-established model. The 

destabilization of medial meniscus (DMM) model was performed to cause OA on the right knee of 3 

month wild-type (WT) C57BL/6J mice. The mice were randomly separated into two groups: Group A and 

B. Mice in group A were subjected to immobilization or swimming from the 4th week (middle stage of 

OA) after DMM (Ex A) and sham treatment control (ctrl A). Mice in group B were subjected to 

immobilization and swimming from the 8th week (late stage of OA) after DMM (Ex B) and sham as the 

control (ctrl B). Each group (A and B) was divided into four subgroups, i.e., sham (ctrl A and ctrl B), free 

activity (Ex-free A and Ex-free B), immobilization (Ex-IM A and Ex-IM B) and swim (Ex-swim A and 

Ex-swim B). Mice in the Ex-IM were subjected to immobilization for 4 weeks. Mice in Ex-swim A were 

subjected to swimming for 4 weeks (5 days/week, 1h/day), and mice in Ex-swim B were subjected to 

swimming for 4 weeks (5 days/week, 40min/day). After that, all mice were sacrificed. 

Gait parameters of freely moving mice were measured the day before sacrifice. The results showed that 

there was no significant difference among Ex-free, Ex-IM and Ex-swim of group A or B. The results of 

histologic sections staining with Safranin O and fast green showed that there was no significant difference 

in the OARSI scores of articular cartilage in all three subgroups of group A or B. And hematoxylin and 

eosin (H&E) staining results showed that the area and thickness of cartilage on tibial plateau in Ex-IM A 

and Ex-swim A were significantly increased compared to that of Ex-free A. In the late stage of OA, the 

cartilage area of tibial plateau in Ex-IM B was significantly increased compared to that in Ex-free B, 

however, there was no significant difference between Ex-swim B and Ex-free B. 

In summary, these findings suggest that joint immobilization may reduce the abrasion of cartilage and to 

some extent attenuate cartilage degeneration in the middle stage of OA. However, loading and unloading 

have no significant effect on cartilage degeneration in the late stage of OA, some other factors should be 

more important than mechanical stimulation on the progression of OA in the late stage. 
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Dental stem cell-based tooth regeneration is the futuristic treatment for missing teeth. Growth 

Differentiation Factor 11 (GDF11), a novel member of the TGF-beta superfamily, has been reported to 

play critical roles in regulating stem cell differentiation. However, the role of endogenous GDF11 during 

dental stem cell differentiation and dentine repair remains unknown.  

First, we confirmed by immunohistochemistry staining that GDF11 is expressed in the cytoplasm of 

mature odontoblasts in both adult mouse and human. Interestingly, its expression is significantly elevated 

in a first molar dentine injury mouse model. These finding suggest that GDF11 might play an important 

role in odontoblasts as well as during dentine repair.  

To verify this hypothesis, we isolate dental pulp stem cells (DPSCs) from immature human third molar as 

described previously1. The mRNA level of endogenous GDF11 as measured by RT-qPCR remains 

unchanged in the regular medium, while decreases from day 0 to 3, and increase thereafter in odontogenic 

culture medium. To unveil the role of endogenous GDF11 during DPSCs odotongenic differentiation, we 

employ small interfering RNA (siRNA) to knock its expression down. Although cell proliferation was not 

altered as shown by CCK-8 assay. Ablation of endogenous GDF11 leads to impaired odontogenic 

potential and mineralization as evidenced by alkaline phosphatase (ALP) and Alizarin red S (ARS) 

staining. In addition, the expression of odontogenic-related genes, such as RUNX2, DSPP and DMP1, is 

significantly down-regulated. 

To further elucidate the underlying mechanism, we identified krüppel-like factor 4 (KLF4), an early 

craniofacial and tooth development associated transcription factor, was downregulated upon GDF11 

depletion. we next overexpress KLF4 in the GDF11 knock-down DPSCs and find that KLF4 

overactivation partially rescue the compromised odontoblastic differentiation ability. These data taken 

together showed that endogenous GDF11 enhances odontoblastic differentiation of DPSCs via KLF4-

mediated DMP1 transactivation. 
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Magnesium (Mg) and its alloys are becoming an appealing choice as new implantable materials in the 

orthopedic surgery, but their swift corrosion process during implantation has still been the serious 

problem that needs to be solved. Here, we present a new polymer-inorganic composite coating on pure 

Mg substrates (99.99 wt.%) that enables Mg-based implants to achieve controllable release of magnesium 

ions (Mg2+) and high corrosion resistance simultaneously. The coatings were fabricated by adding a 

proper amount of inorganic magnesium salt particles into a biodegradable poly (L-lactic acid) (PLLA) 

polymer matrix, such that they can percolate inside to form inter-connected-like morphology during the 

phase separation between Mg salt and PLLA polymers as solvent evaporate in the drying process, 

resulting in the formation of an organic-inorganic composite coating. We examined the coating 

morphology and distribution of Mg salt particles inside the coating using scanning electron microscopy 

(SEM). In addition, electrochemical measurements showed that both PLLA- and PLLA/Mg salt coatings 

on the Mg had much better short-term corrosion resistance than pure Mg rods. However, long-term 

immersion test indicated that the composite coatings with lower Mg salt loading had the best in-vitro 

degradation behavior, resulting in controllable Mg2+ release level and pH shift. Cytocompatibility test 

were conducted via MC3T3-E1 preosteoblasts, in which cytotoxicity of the samples was tested through 

MTT assay and LIVE/DEAD imaging. Cell morphology and distribution behaviors were observed after 

12 h- and 24 h-cultivation, respectively. The results were consistent with the degradation test, 

demonstrating that the incorporation of certain amount of Mg salt particles could exactly improve the 

cytocompatibility. We believe such fabricated new organic-inorganic composite coating could have great 

potential to be applied on Mg substrates to obtain Mg-based biomaterials with higher practical value in 

clinical treatments. 
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It has long been found that the structure of bone tissue is able to adapt to mechanical environment through 

bone remodeling process. Fluid shear stress (FSS) produced by fluid flow within bone cavities under 

cyclic loading is the main factor leading to the biological response of bone cells, which regulates bone 

remodeling. Many previous studies have been focused on the effect of porosity, permeability and 

viscosity on FSS, however, the influence of external loading with different directions on magnitude and 

distribution of FSS in the marrow was seldom studied. This study quantitatively analyzed the fluid flow in 

trabecular bone under mechanical loading, and compared it with the stress at corresponding locations of 

trabeculae, thus put forward a mechanism explaining adaptive bone remodeling. Based on the actual 

microstructure of trabecular bone in rat femur, the stress distribution in trabeculae and the FSS under 

cyclic loading with different directions were studied by fluid-solid coupling numerical simulation. The 

results showed that loading directions influenced the distribution of von Mises stress and FSS. For the 

bone model loaded in physiological direction (PL), the number of load-bearing structures, in which the 

stress in trabeculae is greater than a certain value, is significantly more than that in the direction 

perpendicular to the physiological direction (NPL). In addition, FSS in bone marrow varied with loading 

direction. The proportion of 0.1-3 Pa FSS under PL was significantly more than that under NPL, but the 

proportion of excessive FSS greater than 6 Pa under PL was less than that under NPL. Based on the above 

results, we hypothesize that the distribution of von Mises stress in bone and FSS on the surface of 

trabeculae decides the biological responses of bone cells, which finally mediate the adaptive 

reconstruction of bone tissue. 
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Connexin (Cx) 43-formed gap junctions and hemichannels mediate the communication between adjacent 

cells and cells and extracellular environment1. Osteocytes could release some small molecules (≤ 1 kDa) 

through gap junctions and hemichannels, such as PGE2, NO and ATP2, to extracellular environment, 

which play significant roles in transferring signals between bone tissue cells and other tissue cells3. For 

determining metabolites released by osteocytes through gap junctions and hemichannels, two transgenic 

mouse models with Cx43 dominant negative mutants driven by a 10 kb-DMP1 promoter were generated: 

R76W (gap junctions are blocked, whereas hemichannels are promoted) and Δ130-136 (both gap 

junctions and hemichannels are blocked). Primary osteocytes isolated from wild-type (WT), R76W and 

Δ130-136 mice were cultured for 5 days and then collected supernatants, which were performed 

untargeted global metabolomics using liquid chromatography-tandem mass spectrometry (LC-MS/MS). 

After low quality ion filtering [relative standard deviation (RSD) > 30%], 6878 and 3417 ions in ESI+ 

and ESI- mode were identified, respectively. In both ESI+ and ESI- modes, there were 10 differentiated 

ions between R76W and WT mice, 78 differentiated ions between Δ130-136 and WT mice and 77 

differentiated ions between Δ130-136 and R76W mice. 113 differentiated metabolites, including amino 

acids, fatty acids, phospholipids and others, were putatively identified. Pathway analysis further showed 

that citric acid cycle, transfer of acetyl groups into mitochondria, alpha linolenic acid and linoleic acid 

metabolism and caffeine metabolism were significantly affected in transgenic mice. The data provide 

potential metabolites released by osteocytes through gap junctions and hemichannels and offer a new 

perspective to understand the mechanism of communication between osteocytes and other cells.  
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Mesenchymal stem cells (MSCs) are highly plastic cells that are able to transdifferentiate or 

dedifferentiate under appropriate conditions. They have capacities of self-renewal and multi-

differentiation potentials, which are widely used for bone regenerative therapy [1]. However, the harsh 

ischemic and cytokine-rich microenvironment in the bone fracture site, infiltrated by the inflammatory 

and immune cells, offers a significant challenge to the transplanted donor stem cells. Low cell survival 

rate and differentiation in vivo after MSCs transplantation has significantly hindered the effectiveness of 

stem cell therapy [2-5]. 

In the present study, we reported here that after in vitro induction of osteogenic differentiation, MSCs 

could be reverted to a primitive stem cell population (dedifferentiated osteogenic MSCs, De-Os-MSCs) 

with improved cell survival, colony formation, osteogenic potential, migratory capacity and increased 

expression of Nanog, Oct4 and Sox2. Most importantly, our results showed great superiority of the De-

Os-MSCs over untreated MSCs in ectopic bone formation in vivo. Furthermore, Nanog-knockdown in 

MSCs could reverse these enhanced properties in De-Os-MSCs in vitro, indicating a central role of 

Nanog in the transcriptional network. In addition, epigenetic regulations including DNA methylation and 

histone modifications may play important roles in regulating the de-osteogenic differentiation process. 

And we found decreased methylation and promoter accrual of activating histone marks, such as 

H3K4me3 and H4ac on both Nanog and Oct4 gene promoters. Most importantly, we found that local 

administration of De-Os-rMSCs could significantly accelerate fracture healing in an open femur fracture 

healing model. The quality of bone property was much better as shown by microCT and biomechanical 

testing. Taken together, our study demonstrated that epigenetic memory in De-Os-MSCs gained by 

priming with osteogenic induction medium favored their differentiation along osteoblastic lineage with 

improved cell survival and migratory abilities, and could accelerate fracture healing when they are locally 

given, which have promising application potential in bone regeneration. 
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Fracture nonunion is an exceedingly challenging clinical problem with limited and mainly invasive 

therapeutic approaches. It is more prevalent in patients experiencing chronic inflammatory conditions, 

including diabetes and rheumatoid arthritis (RA). Indeed, we have recently observed that serum transfer-

induced RA mice (K/BxN) develop fracture nonunion at least partially due to elevated expression of 

inflammatory cytokines and heightened NF- B activation. Although tremendous effort has been made in 

exploring the mechanisms underlying inflammation impediment of fracture healing, a gap of knowledge 

remains regarding the downstream culprits of this pathology.  

Recent epigenome studies from fracture patients revealed differential methylation loci associated with 

stem cell proliferation and differentiation in human mesenchymal stem cells, suggesting that DNA 

methylation is involved in fracture repair processes. More importantly, we have identified that DNA 

methyltransferase 3b (Dnmt3b) is highly expressed in fracture callus during fracture repair and Dnmt3b is 

the only Dnmt responsive to cytokines in mesenchymal progenitor cells (MPCs). These observations 

suggest that Dnmt3b plays an essential role during fracture healing and in response to inflammation. 

Mechanistically, we provide evidence that 1) inflammation decreases Dnmt3b expression in MPCs in vivo 

and in vitro and leads to fracture nonunion; and 2) inflammatory signals, such as IL-1 , inhibit Dnmt3b 

in an NF- B-dependent manner. In line with these findings, Dnmt3b gain-of-function (GOF) in MPCs 

shows protective effect from inflammation in vitro evident by expression of Mmp13, Sox9, Sp7 and 

Runx2.  

In order to further examine the role of Dnmt3b in MPCs during fracture repair, we generated Prx1-

Cre;Dnmt3bf/f (Dnmt3bPrx1) mice to delete Dnmt3b in MPCs.  Histological analyses showed impaired 

endochondral ossification and delayed fracture repair in Dnmt3bPrx1 mice with reduced mechanical 

strength of the newly formed bone. Consistently, in vitro studies showed that Dnmt3b loss-of-function 

(LOF) resulted in reduced chondrogenic and osteogenic differentiation, respectively. Using gene 

expression screen, we identified Rbpj  as a downstream target of Dnmt3b in MPCs. Most notably, we 

show that the MPC differentiation defect observed in Dnmt3b LOF cells is due to upregulation of 

Rbpj  Mechanistically, we revealed that 1) the gene and protein levels of Rbpj  were up-regulated 

by loss of Dnmt3b in MPCs; 2) Dnmt3b physically binds to the CpG island in Rbpj  promoter; and 3) 

Dnmt3b deletion resulted in DNA methylation reduction in CpG island in Rbpj  promoter (19.25% 

decrease), therefore leading to Rbpj  up-regulation in MPCs. Importantly, Rbpj  inhibition restored the 

MPC differentiation defect observed in Dnmt3b LOF cells. Consistent with the in vitro findings, Rbpj  

inhibition by DAPT reversed the impaired chondrogenesis and osteogenesis observed in MPCs with 

Dnmt3b gene deletion and restored normal fracture healing in mice.   

Collectively, this work enhances our understanding of mechanisms by which inflammation impedes the 

fracture healing process through downregulation of Dnmt3b and identifies downstream targets of Dnmt3b 

(such as Rbpj ) as novel candidates for therapeutic intervention. 
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Over the last 5 decades, biomaterials in orthopedic implant have been developed from pure biocompatible 

to constructing biomimetic matrices [1]. The main aim of these bone substitutes is to restore the 

biomechanical properties of defective bone, because the important physiological functions of bone are 

closely related to its unique mechanical properties at multiscale which governed by the hierarchical 

structure of the bone matrix. However, many bone graft materials are currently close to natural bone in 

structure, composition and cell signal. Therefore, fabricating adjustable mechanical properties of 

biomaterials at different level remains an important challenge in obtaining suitable bone substitutes with 

stiffness at micro scale and toughness at macro level. In this study, the changes in structure and properties 

of three dimension braided polyetheretherketone (3D-braided PEEK) after hot-pressed at 345 ºC, 355 ºC 

and 365 ºC were investigated. The hyperfield 3D microscopy images and DSC revealed more compact 

macrostructure and lower crystallinity of 3D braided PEEK at higher hot-pressing temperature. The 

depth-sensing indentation data exhibited a reduction in elastic modulus of 3D braided PEEK with 

increasing the hot-press temperature, but its strength and toughness measured via universal material 

experiment machine increased. These results suggested that the micro-mechanics properties of braided 

PEEK matrix can be adjusted by altering its intrinsic crystal structure that governed by the hot-pressing 

temperature, whereas its macro-mechanics characteristics by changing its macrostructure that depended 

on textile structure. Present findings made a breakthrough in simultaneously regulating the micro- and 

macro-mechanics properties of PEEK in an opposite manner, which should have promising application in 

the development of customized orthopedic implants. 
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Purpose: We examined whether Bmi1, a key downstream target of 1,25(OH)2D, plays a role in 

1,25(OH)2D deficiency-induced osteoporosis.  

Methods: We employed 1α(OH)ase+/- mice and Bmi1-/- mice to examine, in vivo, the mechanistic 

interaction of 1,25(OH)2D, Bmi1 and bone, and bioinformatic analysis, chromatin immunoprecipitation 

(ChIP), electrophoretic mobility shift assay (EMSA) and luciferase assays to assess 1,25(OH)2D 

regulation on Bmi1.  

Results: We found that in 1α(OH)ase+/- mice which display an osteoporotic phenotype, serum 

1,25(OH)2D levels were significantly decreased with down-regulation of Bmi1 gene and protein 

expression levels, whereas 1,25(OH)2D treatment increased Bmi1 expression and osteoblastic bone 

formation. 1,25(OH)2D also stimulated the proliferation and osteogenic differentiation of bone marrow 

mesenchymal stem cells (BM-MSCs) from WT and 1α(OH)ase+/- mice, ex vivo, but not from Bmi1-/- mice. 

Bioinformatic analysis suggested the presence of a VDR response element-like sequence in the Bmi1 

promoter, and ChIP and EMSA demonstrated the ability of the VDR to physically bind the Bmi1 

promoter; furthermore luciferase activity was increased significantly in BM-MSCs transfected with a 

Bmi1-GV148 plasmid compared with the empty plasmid, and this activity was augmented by 

1,25(OH)2D3. Overexpression of Bmi1 in MSCs in vivo, using a Prx1-driven Bmi1 transgenic mouse on a 

1α(OH)ase+/- background, corrected the osteoporosis phenotype of 1α(OH)ase+/- mice by increasing 

osteoblastic bone formation, reducing osteoclastic bone resorption and increasing bone volume and BMD. 

Bmi1 overexpression in MSCs also corrected 1,25(OH)2D deficiency-induced oxidative stress and DNA 

damage, cellular senescence and the senescence-associated secretory phenotype (SASP) of 1α(OH)ase+/- 

mice by reducing levels of reactive oxygen species (ROS), elevating serum total superoxide dismutase 

(SOD) levels，reducing the percentage of H2A histone family member X (γH2AX), p16, IL1β and TNFα 

positive cells and γH2AX, p16, p19, p53, p21, IL1β and IL6 expression levels.  

Conclusions: 1) 1,25(OH)2D transcriptionally up-regulated Bmi1 expression via the VDR. 2) 

Overexpression of Bmi1 in MSCs corrected 1,25(OH)2D deficiency-induced osteoporosis by inactivating 

the p16 and p19 signaling pathways, inhibiting oxidative stress and DNA damage, reducing bone cell 

senescence and SASP. Therefore, Bmi-1 plays a crucial role in the prevention of 1,25(OH)2D deficiency-

induced osteoporosis. 
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Degenerative disk disease (DDD) is a major cause of morbidity worldwide and brings an enormous 

socioeconomic burden. Operative treatments fail to restore the disc function and are associated with many 

complications. There has been a growing interest in the biological repair of DDD by both researchers and 

clinicians. Tissue engineering regenerative strategy appears particularly promising for intervertebral disc 

(IVD) disease. To generate an overview of the recent advances in reparative strategies for the treatment of 

DDD, a comprehensive review of the current literature and results of our research group were performed. 

In this report, several biomaterials and scaffold fabrication methods to engineer annulus fibrosus (AF) or 

nucleus pulposus (NP) in isolation or AF-NP tissue-engineered constructs or AF-NP-VEP units including 

the vertebral end-plate region were elucidated. The effect of bionic mechanical stimulation on tissue-

engineered constructs was also studied. Whole disk transplantation and annulus fibrosus defect repair 

strategies for IVD in vivo animal model were revealed. Cell-based therapy targeting IVD repair or 

regeneration in several clinical trials was reviewed about follow-up outcome. And results in our study 

about autologous bone marrow mesenchymal cells (BMSCs) combined with gelatin sponge for 

intervertebral disc repair in a preclinical goat animal model were exhibited. Preliminary follow-up results 

of disc regeneration therapy using BMSCs transplantation were also elucidated. Moreover, current 

treatment attempts about AF repair were illuminated in animal model or spinal surgery by both 

researchers and clinician. It is believed that ongoing research on biological repair of IVD will result in 

revolutionary progress in the treatment of DDD. 
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Tissue engineering technology provides a promising alternative to restore physiological functionality of 

damaged intervertebral disc (IVD). Advanced tissue engineering strategies for IVD have increasingly 

focused on engineering IVD regions combined the inner nucleus pulposus (NP) and surrounding annulus 

fibrosus (AF) tissue. However, simulating the cellular and matrix structures and function of the complex 

structure of IVD is still a critical challenge. Toward this goal, this study were to (1) develop biomimetic 

tissue-engineered IVD (TE-IVD) implants, which AF-NP composite with circumferentially oriented 

poly(ε-caprolactone) microfibers seeded with AF cells, with an alginate hydrogel encapsulating NP cells 

as a core in vitro and in nude mice subcutaneously, (2) track the AFCs and NPCs distribution in vivo by 

using fluorescence imaging, and (3) characterize the biochemical and biomechanical properties of the TE-

IVD. The composite scaffolds possess suitable mechanical properties for TE-IVD. Fluorescent imaging 

and histological analysis showed that AF cells spread along the circumferentially oriented PCL 

microfibers and NP cells colonized in the alginate hydrogel similar to native IVD, without obvious 

migration and mixing between the AF and NP region. Engineered IVD implants showed progressive 

tissue formation over time after subcutaneous implantation in nude mice, which were indicated by 

deposition and organization of extracellular matrix and enhanced mechanical properties. In summary, we 

introduce a new method for constructing biomimetic integrated AF-NP scaffold for development of TE-

IVD. This biomimetic scaffold can support AFCs oriented along PCL microfibers and NPCs colonized in 

alginate to form ECM that similar to native IVD. So, our engineered biomimetic AF-NP composites have 

potential application for IVD replacement.  
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   Articular cartilage is an organ with limited intrinsic repair potential. Cartilage lesion may lead to 

progressive and irreversible degeneration which finally leads to the onset of osteoarthritis (OA). Stem cell 

therapy represents an advanced technique for cartilage regeneration. However, proliferation and 

differentiation potential of adult stem cells may be various depending on the donor’s health status. Our 

previous study revealed that stepwise preconditioning with chondrogenic media followed by normal 

growth media significantly enhanced regenerative properties of mesenchymal stem cells (MSCs) and 

promoted cartilage defect healing by epigenetic modification in the MSCs[1, 2]. 

   In order to verify the safety and efficacy of this stepwise precondition strategy, a preclinical cellular 

model by using human MSCs, and an animal model by using surgery-induced OA in rabbit were included 

in this study. Cell proliferation, chondrogenic differentiation and immunogenicity of preconditioned 

human MSCs were tested. Meanwhile, safety and efficacy of preconditioned rabbit MSCs in prevention 

of OA development in a surgery-induced rabbit model were also measured. From the results of cellular 

study, we found that stepwise preconditioning approach significantly enhanced the proliferation and 

chondrogenic potential of human MSCs until subcultured for 5 times. Interestingly, we also observed a 

remarkably lower immunogenicity and senescence in early passage of human MSCs after stepwise 

preconditioning compared with those in normal culture condition. Data from animal study showed that 

there was no significant change in one-month temperature profile after intra-articular injection of different 

number of preconditioned MSCs. However, articular cartilage was almost kept intact in the high dose 

treatment group. And the preventive effect on OA development was negatively correlated with the 

quantity of cells applied in the animal. Hence, the results of animal study verified the safety and efficacy 

of the preconditioned MSCs for OA therapy.  

   Taken together, our study demonstrated a reliable and practical preconditioning strategy to improve 

safety and efficacy of MSCs for cartilage repair, which may shed light on a further clinical research of 

stem cell-based OA therapy. 
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Coating materials applied for intraosseous implants must be optimized to stimulate osseointegration [1]. 

Osseointegration is a temporal and spatial physiological process that not only requires interactions 

between osteogenesis and angiogenesis but also necessitates a favorable immune microenvironment. It is 

now well-documented that hierarchical nano-micro surface structures promote the long-term stability of 

implants, the interactions between nano-micro structure and the immune response are largely unknown. 

Here, we report the effects of microporous titanium (Ti) surfaces coated with nano-hydroxyapatite (HA) 

produced by micro-arc oxidation and steam-hydrothermal treatment (SHT) on multiple cell behavior and 

osseointegration. By altering the processing time of SHT it was possible to shift HA structures from nano-

particles to nano-rods on the microporous Ti surfaces. Ti surfaces coated with HA nano-particles were 

found to modulate the inflammatory response resulting in an osteoimmune microenvironment more 

favorable for osteo-/angio-genesis, most likely via the activation of certain key signaling pathways (TGF-

β, OPG/RANKL, and VEGF). By contrast, Ti surfaces coated with nano-rod shaped HA particles had a 

negative impact on osteo-/angio-genesis and osteoimmunomodulation. In vivo results further 

demonstrated that Ti implant surfaces decorated with HA nano-particles can stimulate new bone 

formation and osseointegration with enhanced interaction between osteocytes and implant surfaces. This 

study demonstrated that Ti implants with micro-surfaces coated with nano-particle shaped HA have a 

positive impact on osseointegration [2-3]. 

 
Figure 1. In vivo behavior of the modified implants. (A) μ-CT outcomes of the implants. (a) 3D rebuild 

images of the implants and the peri-implant bone tissue; (b) BIC results calculated from the 3D scanning 

images. (B) Representative histological images of peri-implant bone tissue (a) and the quantitative results 

of BIC (b). *p < 0.05 compared to MAO, ##p < 0.01 compared to MAO-H0.5, &&p<0.05 compared to 

MAO-H3. 
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This study aimed to verify the association between osteoprotegerin (OPG) gene and osteoporosis (OP) by 

performing integrative analysis. The integrative analyses were performed to verify the importance of 

OPG and its variants on OP. Gene-based association analysis combined all publicly available SNP-based 

P values and obtained an overall gene-unit P value for the gene with the KGG software. Expression 

quantitative trait locus (eQTL) database screened significant SNP. Meta-analysis combined the 

association results between the variants and OP from the published literatures. Functional verification was 

performed using the dual-luciferase reporter gene systems. In the gene-based association analysis, the 

gene-based P value of OPG was 6.24×10-13 for bone mineral density (BMD) at femoral neck (FN) and 

7.37×10-17 at lumbar spine (LS), which confirmed the importance of OPG for OP. The publicly available 

eQTL results identified 5 SNPs with eQTL effects, exerting cis-regulation effects on OPG at the two 

skeletal sites. Literature searching found that rs2073617 (as known as T950C) was the hot SNP, and 

finally 13 relevant studies for rs2073617 have been investigated in Medline besides the study offered by 

GEFOS-2. Meta-analyses for the associations between T950C polymorphism and BMD showed there 

were significant differences among TT, TC and CC genotypes at FN (P= 0.047) and LS (P= 0.025). 

Further luciferase gene expression was significantly higher in the presence of allele C than allele T in the 

293T cells (P<0.01). This study adopted a strategy of integrative analysis and provided additional 

evidence for the association between T950C, OPG and OP. The methodology of the current research 

could provide a reference for analogous functional interpretations of other disease associated genes. 
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Obesity (OB) and osteoporosis (OP) are two closely correlated complex diseases, but the detected 

relations are still inconsistent or controversial. How to correctly use the covariates when detecting their 

correlation is an important issue to be addressed. A total of 3,749 Chinese aged ≥ 65 years were enrolled 

in our ongoing cohort study (Osteoporosis Preventive Project, OPP). Each subject was measured for bone 

mineral density (BMD) using dual-energy X-ray absorptiometry and for body composition using the 

bioelectrical impedance analyzer. Linear regression analyses were performed under three conditions 

(unadjusted with weight and FFM, adjusted with weight and adjusted with FFM). Under no adjustment of 

weight and FFM, three general obesity parameters (body mass index: BMI, fat mass: FM, and percentage 

FM: PFM) were significantly (P< 0.001) and positively associated with BMD at three skeletal sites. 

However, after the adjustment with weight, these associations were mostly significant but reverse i.e., 

negatively in direction. After adjustment with FFM, the three parameters were still positively and 

significantly (P< 0.001) associated with BMD but regression coefficients were smaller compared to the 

unadjusted associations. Similar associations were observed for central adiposity and lower limb adiposity 

indices. These findings suggested that the adjustment of body weight or the components (e.g., FM and 

FFM) is an important issue that should be carefully considered when investigating the correlation 

between OB and OP. Our study showed that after FFM was adjusted, their overall correlation between 

OB and OP is positive in direction. 
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Obesity and osteoporosis are two closely correlated complex diseases. Our study performed systemic 

analyses for evaluating complex relationship between fat distribution parameters and two fracture risk 

factors (endogenous important risk factors for fracture, osteoporosis and body balance). A total of 6,861 

Chinese aged≥65 years (3,865 females, aged at 71.97±0.06; 2,996 males, aged at 72.54±0.06) were 

enrolled in our ongoing cohort study (Osteoporosis Preventive Project, OPP). Body mass index (BMI), 

waist-to-hip ratio (WHR) were measured and calculated. Bone mineral density (BMD) was measured 

using dual-energy X-ray absorptiometry. The body balance was measured by using the method proposed 

by the National Health Commission of the People's Republic of China. The t test, χ2 test, and logistic 

regression were conducted with SPSS. Males tend to have higher WHR (P<0.0001) and heaver weight 

(P<0.0001) than females. The BMD and osteoporosis also have sex differences. BMI was positively 

associated with BMDs and helps to reduce the incidence of osteoporosis in elders especially in females. 

For example, in females, OR value was 0.225 (95%CI: 0.151, 0.335) in overweight group, in obesity 

group when compared to the normal weight group. However, WHR and WL have risk effects on OP, e.g., 

in males the OR values were 2.160, 3.784, and 3.261 at spine, hip and femur neck, respectively. The 

WHR and WL were significantly associated with some dynamic body balance parameters (OR< 1) either 

in males or females. Our results suggest that BMI is a protective factor on osteoporosis, but WHR and 

WL have risk effects on osteoporosis. On the other hand, WHR and WL have protective effects on the 

body dynamic balance. 
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The relationship of blood lipid and bone mineral density (BMD) was controversial, and the role of obesity 

indices (OB-indices) in mediating their relationship is still unknown. A total of 4,558 Chinese elders aged 

over 65 years were selected from our ongoing cohort study (Osteoporosis Preventive Project, OPP). 

Blood lipid parameters (total cholesterol, TC; triglyceride, TG; and low density lipoprotein, LDL), OB-

indices (body mass index, BMI; waist circumference, WC; and waist-hip-ratio, WHR; and BMD at total 

hip (TH), femur neck (FN) and spine were measured. The t test and multiple linear regression analysis 

were used to compare the difference of characteristics and to estimate the associations, respectively. The 

casual inference test (CIT) was used to test potential mediators underlying the associations between blood 

lipid and BMD. In total and sex-stratified subject, blood lipids were positively associated with BMD 

(p<0.05) with adjustment of age and sex (Model 1). The CIT results showed that OB-indices had 

significant mediation effects on the associations between blood lipids (TG and LDL) and BMD in total 

subjects and males. Comparably, the correlations of TG and BMD are most likely mediated by BMI and 

WC. This study first reported that OB-indices, especially BMI and WC, severed as significant mediators 

between blood lipid (TG and LDL) and BMD in Chinese elderly. These findings improved our 

understanding of the triangle relationship between blood lipid, OB-index and BMD, and provide some 

clues in adjusting the confounding effects of OB-index when studying the relationship of blood lipids and 

osteoporosis. 
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The geometric parameters are independent risk factors of fractures. The conventional geometry 

parameters at the femoral neck and the newly developed parameters at the three sub-regions of the total 

hip have formed a large hip geometry profile. So far, no study was performed to evaluate the relationship 

of the profile and risk of hip fracture in Chinese.  The hip geometry profile contains seven conventional 

geometry parameters at femoral neck (FN) and thirty newly developed parameters at three sub-regions 

(Narrow Neck, NN; Intertrochanter, IT; Femoral shaft, FS) of the total hip. Based on 6,294 recruited 

Chinese (≥65 years) who were selected from our ongoing cohort study (Osteoporosis Preventive Project, 

OPP), 97 subjects with OF history and 388 matched controls were selected. The t test and chi-square 

statistics were used to compare the differences of characteristics. Conditional logistic regression model 

was used to estimate odds ratios (OR) of parameters on hip OF.  Three geometric parameters 

(endocortical diameter, ED; cortical thickness, CT; buckling ratio, BR) have consistent differences at all 

the sites between the cases and controls (p< 0.01). Conventional geometry parameters (e.g., cross-

sectional area, CSA; BR) and the newly developed parameters (e.g., NN_ED, NN_Outer Diameter , 

IT_ED) were identified as the risk factors of hip fracture independent of BMD. The additional predictive 

ability of the Hip Geometric Parameters, over BMD alone, (receiver operating characteristic curve (ROC) 

analysis) was improved. Especially at NN, the area of ROC (AUC) used single NN_BMD is only 0.596, 

but increased rapidly at 0.705 when combined with the hip geometric parameters. This study systemically 

evaluated complex associations between risk of hip fracture and a large hip geometry profile in China, 

and found three newly developed hip geometry parameters are associated with hip fracture. The results 

will increase our understanding of the determinants of fracture and provide potential clue for future 

prevention of fracture for the Chinese Population. 
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Loss of muscle mass has been noted as a risk factor for osteoporosis. Serum creatinine is a stable 

indication of skeletal muscle mass and an easily measured byproduct of muscle metabolism. In this study, 

we investigate the associations between creatinine and bone mineral density (BMD) in healthy elderly 

Chinese. 3,538 subjects over 65 years of age were selected from our ongoing cohort study (Osteoporosis 

Preventive Project, OPP). The relationship of serum creatinine and BMD were assessed by correlation 

analysis. The independent contribution of serum creatinine to BMD at each site was analyzed in men and 

women respectively using multiple linear regressions. Subjects with higher creatinine level had higher 

BMD at total hip, femoral neck and lumbar spine, and the aged with osteoporosis had a lower serum 

creatinine than the elderly of osteopenia, and both were lower than subjects with normal bone mass. 

Pearson's correlation analysis showed that creatinine was associated with BMD of different site (All 

P<0.001). After adjusting for age and BMI, serum creatinine was positively associated with BMD. The 

independent contribution of serum creatinine to BMD at total hip (P=0.01), femoral neck (P=0.04) and 

lumbar spine (P<0.001) was significant in male, and the independent contribution of serum creatinine to 

femoral neck BMD (P=0.03) and lumbar spine BMD (P<0.001) was significant in female by multiple 

linear regression after successively adjusting age, BMI, and other related variables. In conclusion, serum 

creatinine was directly proportional to BMD in community-dwelling elderly with no obvious kidney 

disease in China, and this association was more prominent among men. When the contributions of other 

factors are controlled, creatinine still made an independent contribution to BMD, especially the BMD of 

the lumbar vertebrae. 

https://en.wikipedia.org/wiki/Serum_(blood)
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To evaluate erythrocyte parameters contributing to osteoporosis, this study conducted comprehensive 

association analyses between these indexes and bone mineral density (BMD) in a large population-based 

study in 5,993 subjects (>65yrs) who were selected from our ongoing cohort study (Osteoporosis 

Preventive Project, OPP).  The relationship of erythrocyte parameters and BMD was assessed by Pearson 

correlation analysis. Linear regression analysis was conducted to evaluate the effect of erythrocyte 

parameters on BMD. Compared to female subjects, male subjects have higher hip, femoral neck and 

lumber BMD and T scores (P < 0.01). The erythrocyte parameters including red blood cell (RBC), 

hemoglobin (Hb),  hematocrit (HCT), erythrocyte mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH),  and mean corpuscular hemoglobin concentration (MCHC) were measured using 

BC-5800 auto hematology analyzer (Mindray Inc., Shenzhen, China). Bone mineral density (BMD) at 

lumber spine (LS) and hip were measured by dual energy X-ray absorptiometry (DXA) with Hologic 

densitometers (Hologic Inc., Waltham, MA, USA). Hb, RBC, HCT and MCHC were positively correlated 

with hip BMD while MCV was negatively correlated with hip BMD. Hb, RBC, and HCT were positively 

correlated with LS BMD and MCH was negatively correlated with LS BMD (P < 0.05). However, there 

was no correlation between MCHC and LS BMD. In addition, Hb, RBC, HCT and MCHC were 

associated with male hip BMD while Hb, RBC and MCHC were associated with female hip BMD. RBC, 

HCT and MCHC were associated with male LS BMD but only MCHC was associated with female LS 

BMD (P < 0.05). Our findings suggested that Hb, RBC and MCHC were associated with hip BMD and 

MCHC was associated with LS BMD. MCHC was a novel and better index associated with BMD when 

compared with commonly used Hb index in Chinese elderly population.  
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Inflammatory factors mainly refer to various cytokines involved in inflammation. Previous studies have 

shown that inflammatory factors may have a significant effect on bone metabolism, leading to increased 

bone resorption and decreased bone mass. This study aims to screen the OP-related potential 

inflammatory biomarkers in Chinese postmenopausal women. Based on two study populations containing 

6,308 old Chinese, we adopted extreme sampling scheme and selected 3 independent samples (Subgroups 

1-3) for discovery, validation and replication. We tested the levels of inflammatory factors between 

subjects with extremely low vs. high hip BMD by high-throughput protein chip technology and ELISA 

assays. Moreover, we performed in vitro experiments to observe the effect of BLC proteins on biological 

characteristics of osteoblasts and osteoclasts. The study identified a total of 8 OP-related differentially 

expressed inflammatory factors. Among them, IGFBP4 and CD97 were upregulated in extremely high 

BMD, and BLC, M-CSF, IL-11, IL-17, 6ckine and OPN were downregulated in extremely high BMD in 

Chinese postmenopausal women. Then BLC, OPN and IGFBP4 were validated and replicated in two 

independent populations and plasma BLC, OPN and IGFBP4 levels were correlated with hip BMD. In 

vitro experiments revealed BLC protein may inhibit bone formation by inhibiting the proliferation and 

differentiation of osteoblasts and promoting apoptosis of osteoblasts. Meanwhile, the protein may 

promote bone resorption by promoting the proliferation of pre-osteoclasts and the generation of 

osteoclasts. Taken together, out study have demonstrated that there were 8 inflammatory factors that were 

related with osteoporosis, and we concluded that BLC protein might be a potential biomarker closely 

related to the pathogenesis of OP. 
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MicroRNAs (miRNAs) from various cells or tissues are critical post-transcriptional regulators in the 

pathogenesis of rheumatoid arthritis (RA), but the roles of miRNA from plasma extracellular vesicles 

(EVs) remain little known. Here, we found that 14 RA associated miRNAs are abnormally expressed in 

plasma EVs and their target genes are enriched in pathways related with inflammation, bone resorption 

and joint destruction. Especially, the miR-204-5p was highlighted due to: a) the validations of its 

differential expression in EVs in another two independent samples (RA cases vs. controls); b) high 

performance in RA diagnosis; c) correlations with RA disease activity. Both in vivo and in vitro assay 

showed that miR-204-5p expression is decreased under inflammatory conditions and involved in 

activation of T lymphocytes and synoviocytes. Furthermore, the immune cells and synoviocytes are 

inferred origins of miR-204-5p in plasma EVs. Finally, integrative analyses identified potential epigenetic 

factors (e.g. histone modification and DNA methylation) may contribute to the altered expression of miR-

204-5p. This multi-stage and multi-level study systemically demonstrated the essential roles of miR-204-

5p in the pathogenesis of RA, and the EV miR-204-5p may serve as a novel non-invasive biomarker for 

clinical application.   
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Introduction: Sarcopenia is an age-related geriatric syndrome which is associated with subsequent 

disability and morbidity1. Low-magnitude high-frequency vibration (LMHFV) is noninvasive biophysical 

modality providing cyclic loading to whole body transferring mechanical energy to the subjects 

physically. As the second most abundant intracellular cation in our body, Magnesium (Mg) was 

associated with better indices of skeletal muscle mass, strength, and power in elder adults2. The study 

aims to investigate the effects of LMHFV, Mg and their combination on sarcopenia skeletal muscles and 

explore the related mechanisms in vivo. 

Methods: Senescence-accelerated mouse P8 (SAMP8) mice at month 6 were randomized into control 

(Con), vibration (VIB) groups, Mg group and Mg+VIB group. The mice in the VIB group were given 

LMHFV (0.3g, 35Hz, 20min/day, 5days/week) treatment. Mg was administered to animals through oral 

gavage of 0.2ml Mg solution in water at the dosage of 200 mg/kg/day, 5 days/week. Both LMHFV and 

Mg supplement were given in the Mg+VIB group. Ex-vivo functional assessment, immunohistochemical 

staining of myofibers (myosin heavy chain expression) and Dual Energy X-ray Absorptiometry (DXA) 

measurements were evaluated at month 1,2,3,4 post-treatment for all groups. Data analysis was done with 

one-way ANOVA, and the significant level was set at p≤0.05.  

Results: At late stage on month 4 post-treatment, partial lean mass in Mg group and VIB group were 

higher than control group, yet not significant. The mice in the Mg group showed significantly higher 

muscle strength (month 4, p=0.0045). Generally, contractibility was significantly improved by Mg and 

VIB groups (tetanic force, p < 0.0001 and p=0.04; max rate of contraction, p=0.03 and p=0.006, 

respectively).  

Discussion: In this study, the results showed that Mg and LMHFV individually could increase muscle 

strength and muscle function in vivo, which are substantiated by some previous studies. There was 

significant positive association of dietary Mg with indices of skeletal muscle mass and leg explosive 

power3. Similarly, LMHFV was also reported to have positive effects on muscle contractibility and 

endurance. Effect of co-application of Mg and HMHFV is still in progress. Further studies are needed to 

investigate the regulatory mechanism, thus providing more evidences for clinical applications.  

Significance/clinical relevance: Mg or LMHFV could be potential approaches to resist sarcopenic 

muscular changes. 
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Key words: Mechanical property; Caveolin-1; Annulus fibrosus cell 

Introduction: Annulus fibrous is a heterogeneous tissue with typical gradient changes in cell types, 

matrix composition, microstructure and biomechanics along the radial direction from the inner to the 

outer regions. Previous studies have found that the mechanical property can regulate metabolism of 

annulus fibrous cells (AFCs). Caveolin-1 is an important factor in response to external mechanical signals 

on cell membranes. Our previous studies found that the expression of Caveolin-1 increased with PDMS 

elasticity (Fig. 1). In this study, we will use polycaprolactone/ polylactic acid-co-caprolactone 

(PCL/PLCL) to construct the fibrous scaffolds with different modulus, and observe the effect of 

mechanical signals of the engineered scaffolds on AFCs metabolism and possible molecular mechanisms. 

 
Fig 1. The expression of Caveolin-1 in AFC increased with PDMS elasticity. 

Methods: Four kinds of PCL/PLCL scaffolds with different elastic modulus were constructed. AFCs 

were cultured on these substrates for 6 days. The morphology of AFCs was observed by cytoskeleton 

staining and scanning electron microscopy. The gene expression of Collagen-I, Collagen-II, Aggrecan 

and Caveolin-1 was detected by Western Blot and RT-PCR. The location of Caveolin-1 in AFC was 

confirmed by immunofluorescence. 

Results: Cytoskeleton staining and SEM show that PCL/PLCL elasticity has a significant effect on AFC 

metabolism. Western Blot and RT-PCR results show that the expression of Collagen-I and Caveolin-1 

increases while Collagen-II and Aggrecan decreases with PCL/PLCL elasticity. Immunofluorescence 

shows that Caveolin-1 was always located on AFCs membrane. 

Conclusions: This study confirms that the mechanical signals produced by the elastic modulus of 

PCL/PLCL scaffolds may be transmitted into the cells through Caveolin-1, and ultimately affect the 

metabolism of AFCs.  
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Introduction: The interface between titanium and bone tissue would be prone to loosening and shedding 

after implantation, which is, seriously affecting its clinical application. Therefore, we propose to 

synthesize the molecular imprinting layer of bone morphogenetic protein (BMP-2) on the surface of 

titanium sheet to recruit endogenous BMP-2 to promote bone formation. In this study, we will use 

lysozyme as model protein to optimize condition. 

Methods: The template lysozyme was immobilized on the surface of TiO2 nanoparticles by self-

polymerization of dopamine. After elution, the lysozyme surface imprinted TiO2 nanoparticles were 

obtained. The morphology, adsorption and selectivity of the materials were characterized. 

Results: The molecularly imprinted polymer layers were successfully coated on the surface of TiO2 

nanoparticles by the self-polymerization of dopamine. The material has good selectivity and adsorption 

capacity for the template protein. The results of selective adsorption of lysozyme from egg white 

biological samples show that the material has good specificity to the template protein in complex samples. 

Conclusion: Dopamine-assisted molecularly imprinted polymers based on TiO2 nanoparticles have good 

selectivity, stability and adsorption capacity for template protein lysozyme, even in a complex biological 

sample. The material has potential for protein separation. 

 
Figure 1. Preparation and characterization of lysozyme surface imprinted TiO2 nanoparticles. 
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Introduction: Mechanical stimulation can regulate cell morphology, structure and function, affect cell 

self-renewal, differentiation, aging and apoptosis, and play an important role in tissue growth, functional 

integration and other physiological processes. The degeneration of annulus fibrosus is an important cause 

of intervertebral disc degeneration. As an important load-bearing tissue, annulus fibrosus degeneration 

may be caused by the imbalance of apoptosis induced by excessive biomechanics. Piezo 1 ion channel is 

an ion channel that can sense the mechanical stimulation of cell membrane and respond quickly, and 

transform the mechanical signals into electrical or chemical signals, which plays an important role in 

mechanical transduction. However, it is unknown whether Piezo 1 is expressed in the annulus and what 

role it plays in the mechanical regulation of apoptosis in the annulus. 

Methods: In this study, the expression of Piezo1 in annulus fibrosus and cells was detected by 

immunofluorescence staining and immunohistochemistry. Then, Piezo1 specific siRNA and expression 

vector were constructed to inhibit and overexpress Piezo1 in annulus fibrosus. After transfection of 

annulus fibrosus, 12% of the cyclic stretch stress stimulation was applied to investigate the role of Piezo1 

in the mechanical regulation of annulus fibrosus apoptosis.  

Results: The results showed that Piezo1 was highly expressed in the annulus fibrosus of rat, suggesting 

that Piezo1 may play an important role in the mechanical transduction of the annulus fibrosus. Excessive 

mechanical stimulation can significantly promote the apoptosis of annulus fibrosus cells. Piezo1-specific 

siRNA inhibited the expression of Piezo1 and enhanced the cell apoptosis induced by excessive 

mechanical stimulus, whereas overexpression of Piezo1 could effectively alleviate the cell apoptosis. 

Conclusions: It was suggested that mechanical signals may be transmitted to the cell via Piezo1 and 

converted into biological signals, ultimately affecting the apoptosis of annulus fibrosus cells, but the 

mechanism is still unclear. In-depth discussion of this regulatory mechanism will provide theoretical 

support for the construction of tissue-engineered intervertebral disc. 
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Introduction: In recent years, the preparation of hydrogel microfibers by microfluidic technology has 

become a research hotspot, and cell-laden microfibers have also shown great value in tissue engineering 

and organ chips[1-3]. In addition, helical structures such as DNA, spirulina and spiral blood vessels play 

an important role in nature. Herein, we fabricated cell-laden helical microfibers and explored its 

application in vessel-on-a-chip. 

Methods: Cells were dispersed in a medium containing 1.0% CaCl2 as an internal phase fluid, and an 

alginate-collagen (Alg-Col) composite hydrogel as an external phase fluid, both of which were injected 

into a microfluidic device. The microfluidic device outlet was immersed in a 1.5 % aqueous solution of 

CaCl2 to complete the solidification of the external phase fluid. The prepared cell-laden microfibers were 

collected in a culture dish containing the medium and then transferred to an incubator for cultivation. 

Results: We have successfully prepared cell- laden hollow microfibers with straight channels, wavy 

channels and spiral channels. As shown in the figure below, cells can adhere and proliferate well within 

the microfibers and form a lumen structure. This provides technical support for exploring its application 

in vessel-on-a-chip. 

 

Fig 1. Proliferation and tubular structure formation of HUVECs in hollow alginate-collagen microfibers 

during the course of culture. 

Conclusions: These hollow microfibers with different structures have good perfusion properties and can 

mimic certain functions of blood vessels. In addition, the cell-laden microfibers with helical channels can 

mimic the helical structure of the helical vessels and the helical blood flow, which shows potential 

application in vessel-on-a-chip. 
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Introduction: Semipermeable membranes containing nano- or micropores provide a physical barrier to 

cell migration, allowing different layers of cells to undergo solution exchange and signaling molecules 

through the pores. The micropatterned collagen membrane can regulate cell proliferation, alignment and 

elongation, and can also promote osteogenesis. The collagen sheets laminated by angle have mechanical 

properties anisotropy and can also mimic the angular microstructure of the organism. Mechanical 

stimulation can make the adhesion between cells and materials stronger, and enhance the osteogenic 

potential of cells. 

Methods: A porous collagen membrane is obtained by a drying method, and micropattern is obtained 

by combining a photolithography technique and a secondary template method. Three layers of cell -

laden collagen sheets were obtained by layer-by-layer stacking and layer-to-layer cell cross-

orientation. The mechanical stimulus was applied on the three-layer cell-laden collagen sheets 

(Figure 1). The osteogenic potential of MC3T3-E1 cell was evaluated by PCR and Western Blot. 

 

Figure 1. Preparation of three-layer cell-laden collagen sheets. 

Results: The mechanical properties test results showed that the tensile strength of the three -layer 

collagen membrane was improved. The results of live-dead staining culturing three-layered cell-

loaded collagen sheets at 1, 4 and 7 days, showed that the three-layered cell-loaded collagen sheets 

still maintained good cell activity after 7 days. The results of PCR and Western Blot demonstrated 

that both orientation and mechanical stimulation enhanced the osteogenic potential of MC3T3-E1 

cells. 

Conclusions: Three layers of micropatterned cell-loaded collagen sheets assembled by oblique 

lamination were successfully prepared. The mechanical stimulus could enhance the osteogenic 

potential.  
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Introduction: With the development of tissue engineering technology, the construction of bionic 

intervertebral discs for tissue replacement has become a research hotspot. Cell sheet technology, as a 

scaffold-free tissue engineering method, could overcome the problems in traditional tissue engineering, 

including inflammation caused by material, cytotoxicity and mismatch between cell proliferation and 

scaffold degradation rate, shows potential application in tissue engineering and regenerative medicine. In 

this study, we will attempt to acquire multilayered cell sheets through laminating. We also try to roll the 

cells sheet around a cylinder to prepare a bionic intervertebral disc. 

 
Figure 1: Images of cross section and morphology of laminated cells sheets. 

Methods: The PDMS was firstly prepared and placed in the plasma cleaner for surface modification. 

Then the modified PDMS was placed in a NIPAAm monomer solution, subjected to UV-initiated graft 

polymerization under an inert gas atmosphere, and grafted a layer of PNIPAAm onto PDMS. After that, 

temperature-sensitive PDMS could be obtained. The temperature-sensitive PDMS was used to prepare 

cell sheet by reducing the temperature. The cell sheets were transferred and laminated by stamp method. 

The prepared cell sheets were also rolled to fabricate a bionic intervertebral disc. 

Results: The PNIPAAm layer was successfully modified on PDMS by UV graft polymerization. The 

intact cell sheets could be obtained using this temperature-sensitive PDMS. The cell sheets can be 

transferred and laminated by the stamp method. The double-layer cell sheet still has good activity after 

being re-cultured. The cell sheets are also successfully rolled to prepare a bionic intervertebral disc 

(Figure 1). 

Conclusions: The prepared cell sheets can be transferred and laminated by a stamp method and rolled to 

prepare a bionic intervertebral disc. 
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Introduction: The ultimate goal of tissue engineering is tissue and organ regeneration. A large number of 

literatures have reported that angiogenesis plays a crucial role in tissue engineering. At present, the blood 

vessels prepared by traditional methods lack the multi-layer vessel wall structure as that of natural vessels. 

The development of microfluidics technology provides a new means for the preparation of multi-layer 

vessel structure. In this study, we will construct a multi-layer biomimetic blood vessel having the 

physiological vascular structure. By using biocompatible GelMA or other materials, the prepared multi-

layer biomimetic blood vessels can be favorable for cell adhesion and proliferation. 

Methods: In this study, microfluidic technology was used to prepare a variety of microfibers with 

different structures to meet different clinical needs. By changing the device, the concentrations of sodium 

alginate and calcium chloride solution, internal and external composition and flow rate during the 

preparation process, the microfibers with different structures could be obtained. The addition of GelMA 

or collagen into sodium alginate could improve the cell adhesion and proliferation on the microfibers.  

Results: We have successfully prepared several microfibers with different structures. These 

microfibers showed good perfusion performance. After a few days of culture, the cells were found to 

be able to attach to microfibers. The adhered cells could proliferate and form tubular structures, 

similar to those of natural blood vessels.  

Conclusions: The cells can proliferate in the prepared fiber tubes to form vascular structures, which can 

well simulate the natural blood vessels. 
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Technology, China.  

 

Mechanical cues from the extracellular microenvironment play important roles in regulating the structure 

and function of living cells. Osteoclasts are in vivo exposed to mechanical deformation of bone matrix 

caused by daily movement. Some researchers have investigated the response of osteoclasts under the 

mechanical simulations including fluid flow, hydrostatic pressure and mechanical stretching. For example, 

one early research with isotropic stretching of the frequency 0.167-10 Hz for 4 days showed the 

differentiation of osteoclasts was suppressed compared with static group. The present study was focused 

on the effect of uniaxial stretching on the fusion of RAW264.7 osteoclast precursors. We seeded the cells 

on a PDMS substrate and mounted it with a stretching machine, through which the magnitude and 

frequency of cyclic stretching were controllable and adjustable. Then the cells on the substrate were 

stained with Hoechst and the assay kit of tartrate resistant acid phosphatase (TRAP). Finite element 

analysis method was adopted to analyze the mechanical status in the substrate. The cells on the substrate 

region with uniform strain were selected to be analyzed and the TRAP-positive cells with more than two 

nuclei were regarded as osteoclasts. The results showed that when the cells were mechanically stimulated 

with the induction medium of receptor activator of nuclear factor kappa-B ligand at a low frequency 0.2 

Hz or 0.5 Hz for 12 h, the osteoclastogenesis was improved compared with static control. When the 

frequency was higher than 2 Hz, the osteoclastogenesis was significantly reduced. Therefore, it indicates 

that uniaxial stretching might lead to the frequency-dependent differentiation of osteoclast precursors, 

however, which is different with the previous study using isotropic stretching.  
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Objective: Knee arthroplasty can not achieve personalized surgery, so there is still much room for 

improvement of surgical effect, such as inaccurate position of full-length photographs of limbs, inaccurate 

measurement of femoral external rotation angle, inaccurate location of femoral entry point, inaccurate 

measurement of tibial plateau retroversion angle, inaccurate osteotomy and so on. The purpose of this 

study is to explore the effect of 3D digital template measurement on knee arthroplasty, and to determine 

whether 3D digital technology can optimize surgical procedures and achieve the goal of precise surgery. 

Methods: From Nov. 2015 to Jun. 2016, 417 patients with knee arthroplasty were treated in our 

department. The age ranged from 46 to 83 years. All patients had a history of recurrent knee pain. The 

history ranged from 2 months to more than 20 years. Before operation, full-length CT of the affected limb 

was routinely performed, requiring a thickness of 1 mm from the femoral head to the distal part of the 

ankle joint. CT data of patients were imported into MINICS software for three-dimensional 

reconstruction, and ST1 format file was generated and exported. UG software was used to simulate and 

accurately calculate the important data needed during the operation, such as femoral physiological valgus 

angle, femoral external rotation angle, distal condyle and tibial plateau osteotomy thickness, tibial plateau 

obliquity, femur and tibial medullary entry point, etc. According to the morphology of the lower segment 

of the medullary cavity, an anatomical axis was placed, and then the distance between the entry point and 

the top of the intercondylar fossa was obtained. The valgus angle is measured by connecting the entry 

point to the spherical center of the femoral head to form a force line axis, projecting the anatomical axis 

and the force line axis on the XY plane, projecting the anatomical axis and the force line axis on the YZ 

plane, and measuring the valgus angle of the coronal position for intraoperative use. For the measurement 

of the angle between the force line and the condyle line and the thickness of the osteotomy, first connect 

the inner and outer condyles to form a condyle line, establish a plane perpendicular to the force line 

through the lowest point of the inner condyle, and move up 9.0 mm, establish a parallel plane through the 

lowest point of the outer condyle, and then measure the shape and size of the bilateral condyle osteotomy 

blocks. The tibial coordinate system was established. According to the shape of the tibial bone marrow 

cavity, the mechanical axis had a mechanical axis, the end of the mechanical axis was the origin and the 

quadrant was the X-axis point. The center of the lower end of the mechanical axis was taken as the Y-axis 

point. The tibial coordinate system was established. The tibial positioning device was introduced into UG 

to determine the entry point and the level of osteotomy. In order to avoid errors, accurate osteotomy was 

performed with reference to the relevant data during the operation. Simulated operation was performed 

before operation for complex defect cases to evaluate the possible situation during the operation and make 

corresponding plans. Postoperative X-ray examination and postoperative recovery were observed. 

Results: The follow-up period ranged from 2 months to 20 months (average 12.1 months). Postoperative 

X-ray conformed to preoperative plan, force line was corrected, prosthesis placement was good, no 

obvious error occurred. The average WOMAC score of all patients at the last follow-up was 8 + 11. 

Conclusion: 3D digital template measurement for common cases can be used to simulate the operation 

immediately before operation. During the operation, osteotomy can be guided according to the 

measurement results, so as to avoid errors, achieve precise osteotomy, ensure the accurate placement of 

prosthesis during operation, and ensure the curative effect after operation. It is a relatively reliable method 

for the beginners of knee replacement. 
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Objective: To investigate the effect of hip arthroscopy in the treatment of early synovial lesions of hip 

joint in ankylosing spondylitis. 

Methods: From April 2007 to July 2017, 37 patients with spondyloarthropathy, aged 17 to 27 years, had 

a history of recurrent hip pain. The history ranged from February to 6 years. Among them, there were 7 

cases of bilateral hip pain. The pain onset frequency of one side of the hip joint was 3.3 times per year, 

with an average pain period of 23 days. All patients were HLA B-27 positive before operation. No 

obvious narrowing of hip joint space (joint space greater than 2 mm) was found on X-ray. All patients had 

hydrocephalus on hip joint. Five patients had local high signal intensity of fat suppression sequence on 

femoral head, but the subchondral plate was intact. No obvious bone destruction on femoral head and 

acetabular side was found. ESR was high in all patients, CRP was elevated in 9 patients and WBC was 

elevated in 5 patients. All patients underwent unilateral hip arthroscopic debridement. Surgical methods: 

The patient was lying on the traction bed with general anesthesia for good anesthesia and muscle 

relaxation effect. The affected limbs were slightly abducted. The anterolateral, anterolateral and posterior 

trochanteric approaches were established by using the improved hip arthroscopic approach (under suitable 

traction intensity and C-arm fluoroscopy, a 2.0 gram needle was placed on the body surface to determine 

the ideal direction of the approach and marked on the body surface, and on the anterior and posterior 

margins of the greater trochanter. Microscopic biopsy of synovial tissue was performed carefully and the 

joint cavity was thoroughly cleared. Postoperative pain episodes, ESR and Harris score were observed. 

Results: The follow-up period ranged from 6 months to 3 years (average 15.1 months). In this group of 

cases, intra-articular pale blood joint fluid was seen, synovial congestion and proliferation were obvious, 

showing flocculent, and there were bleeding spots. Some of them showed acetabular and femoral head 

cartilage degeneration and partial exfoliation. Two patients had labial flocculence with tear. Postoperative 

pain relief was evident, and the average number of episodes of pain during follow-up period was 

significantly reduced. Only two patients had episodes of hip pain in October and 13 months after 

operation. One patient had persistent pain after episode of pain and limited progressive activity. Two 

years after operation, total hip arthroplasty was performed because of hip ankylosis. The average Harris 

score of all patients was 86 +8 at the last time. 

Conclusion: Ankylosing spondylitis often causes hip pain. For those patients who do not have obvious 

hip space stenosis in the early stage and have frequent onset of pain, hip arthroscopic debridement can 

significantly improve hip symptoms, reduce the frequency and degree of pain onset, increase hip motion, 

and improve the quality of life of patients. However, whether it can delay the time of joint replacement is 

uncertain, and rigorous comparative study is still needed. 
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Traditional Chinese medicine has a long history of treating various bone diseases including osteoporosis 

and osteonecrosis etc. In clinical treatment, Huo Xue Tong Luo capsule (HXTL capsule) containing 

Peach kernel, Safflower carthamus, Angelica sinensis, Ligusticum wallichii etc, is one of the mostly used 

prescriptions for treating osteonecrosis of the femoral head (ONFH) with promising effects. Objectives: 

This study aims to identify the underlying molecular mechanism of how HXTL capsule exerts its function 

to ameliorate ONFH.  

Objectives: This study aims to identify the underlying molecular mechanism of how HXTL capsule 

exerts its function to ameliorate ONFH. 

Methods: All femoral bone tissues were collected during surgeries. Rat bone marrow mesenchymal stem 

cells (rMSCs) were used. Quantitative real time PCR was used to check the relative expression levels of 

genes. ChIP assay was performed to evaluate the binding of H3K4me3 and H3K27me3 in Miat promoter. 

Results: We showed that HXTL capsule promoted osteogenesis in rMSCs as demonstrated by 

quantitative real time PCR and Alizarin Red S staining. Then we found silencing the endogenous 

lncRNA-Miat could promote osteogenesis of rMSCs. In addition, the ChIP assay showed that HXTL 

capsule significantly increased occupancy of H3K27me3 and decreased H3K4me3 in promoter regions of 

Miat, meaning HXTL capsule inhibited Miat expression through histone modifications. At last, by 

examining the femoral heads samples obtained from patients with ONFH during total hip arthroplasty 

surgery, we found the RNA level of hMiat in necrotic tissue was much higher than that of normal tissue. 

Conclusions: Taken together, our study shows that lncRNA-Miat might play an important role in 

pathogenesis of ONFH, and HXTL capsule can promote osteogenesis to ameliorate ONFH through 

inhibiting the transcriptional expression of Miat, at least partially. 

 

 

 

 

 

 

 

 

Left: HXTL capsule promoted osteogenesis of rMSCs. (A–C) rMSCs were treated with HXTL 

capsule (1 and 5 μg/ml) in osteogenic induction medium for 5 days, then osteogenic genes were 

detected by quantitative real time PCR. β-actin was used as internal control. The experiments were 

repeated at least three times. *p < 0.05 compared with osteogenic induction medium. #p < 0.05 

compared with 1 μg/ml (D) rMSCs were treated with HXTL capsule (1 and 5 μg/ml) in osteogenic  

induction medium for 14 days, then Alizarin Red S was used to stain the mineralized nodules. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the Web 

version of this article.) 
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Right: Relative levels of hMiat in normal tissues and necrotic tissues in patients with steroid-

associated ONFH. (A) The normal tis- sues (NT) and osteonecrotic tissues (ONT) were obtained. 

(B&B′) Hematoxylin and eosin staining of the tissues, typical sign of empty lacunae was 

observed in ONT (Magnification: × 200). (C) Relative levels of hMiat were measured by 

quantitative real time PCR in normal tissues and necrotic tissues. Data is presented as mean ± 

SD (n = 10, *p < 0.05). 
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PREPARATION AND CHARACTERIZATION OF MANGANESE DIOXIDE FIBER/ 

CALCIUM PHOSPHATE BONE CEMENT 

LG. Ding, JY. Li, FX. Han, B. Li*. 

Department of Orthopaedic Surgery, The First Affiliated Hospital, Soochow University, China. 
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Introduction: Calcium phosphate bone cement is composed of a solid phase containing one or more 

calcium phosphate powders and a liquid phase containing water or aqueous phosphate solution. Calcium 

phosphate cement has good bone conductivity, injectability, plasticity and biodegradability. Although 

calcium phosphate cement has good biocompatibility, the low mechanical strength and insufficient 

bioactivity makes its clinical application facing great challenge. Previously, we have found that 

manganese dioxide could promote bone formation. It is well known that fiber reinforcement is a common 

reinforcement method. Therefore, in this study we will attempt to incorporate hollow manganese dioxide 

fibers into calcium phosphate bone cement. 

Methods: Firstly, the spinning solution was prepared using TEOS, PVP, formic acid and ethanol. 

After electrospinning and subsequent high-temperature calcination, the silica electrospun fibers could 

be prepared. Manganese dioxide hollow fibers could be fabricated by further treating with potassium 

permanganate and washing. The morphology, drug release behaviour of theses hollow manganese 

dioxide fibers were evaluated. The mechanical property and bicompatibility of calcium phosphate bone 

cement incorporated hollow manganese dioxide fibers were also determined. 

Results: The silica electrospun fibers were successfully prepared in this study. According to the 

images of scanning electron microscope, hollow manganese dioxide fibers were also fabricated. The 

hollow manganese dioxide fibers showed good drug loading and release behaviour. The hollow 

manganese dioxide fibers could improve the mechanical strength of calcium phosphate bone cement. 

Conclusions: The prepared hollow manganese dioxide fibers/ calcium phosphate bone cement has 

potential in bone repair.  
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ANTI-INFLAMMATORY AND PAIN-RELIEVING EFFECTS OF INTRA-ARTICULAR 

DEXAMETHASONE-LOADED THERMOSENSITIVE HYDROGEL IN COLLAGEN-INDUCED 

ARTHRITIS 

QS.Wang1, BX Xu1, J Wu1, JK Fan1,TY.Wang1 

1Dept of Pharmacy, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of 

Medicine, Shanghai 200011, P. R. of China 

 

Pain, identified as a cardinal symptom of rheumatoid arthritis (RA), tends to persist even under optimal 

control of the disease. RA-induced pain is subjected to multiple mechanisms, but the focus of this article 

is to explore pivotal parts of inflammation and peripheral pain hypersensitivity. Glucocorticoids, 

implemented in clinical routine for more than fifty years, have the disadvantage of restricted efficacy and 

marked toxicity. Here, we employed a novel formulation- intra-articular dexamethasone-loaded 

thermosensitive hydrogel for the remission of pain and inflammation. To investigate the therapeutic 

effects of dexamethasone-loaded thermosensitive hydrogel against collagen-induced arthritis (CIA), CIA 

rats were randomized into two groups including the dexamethasone (Dex) group and the model group. 

Rats in the Dex group received bilateral intra-articular injection of dexamethasone thermosensitive gel 

since day 19 whereas those in the control group were administered equal amounts of normal saline twice 

a week. Clinical signs of body weight, paw swelling and arthritis scores, histologic analysis, hind paw 

plantar pressure pain threshold were taken into consideration as the acute inflammatory symptoms of this 

animal model. The results demonstrated that treatment with dexamethasone-loaded thermosensitive 

hydrogel displayed a strong and long-lasting therapeutic effect on reducing arthritic pain and paw 

swelling. To further understand regulatory mechanism of RA-related pain, real-time polymerase chain 

reaction analysis of interleukin-(IL-)1β, IL-6, IL-13, tumor necrosis factor-(TNF-α), and nerve growth 

factor (NGF) in dorsal root ganglia, and serum expression of prostaglandinE2 (PGE2) and prostacyclin 

(PGI2) were evaluated. The results confirmed that inflammation and peripheral pain hypersensitivity 

contributed importantly to the mechanism of RA-induced pain. Hence, intra-articular dexamethasone-

loaded thermosensitive hydrogel, with a powerful and long-term effect, may aid in the regulation of RA 

pain through the reduction of inflammation and peripheral sensitization. 

 
Figure. Pain related cytokines 
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DEVELOPMENT OF NOVEL APPROACHES TO ASSESS BIOMINERALIZATION 

X.M. Yao, Y. Wang.  

Department of Oral and Craniofacial Sciences, University of Missouri Kansas City School of Dentistry, 

Missouri, USA.  

 

Bone mineral density is the standard for predicting bone fragility; however, in many cases, individuals 

with similar densities have dramatic differences in susceptibility to fracture. However, current bone 

assessment methods are unable to identify all of the variables contributing to bone quality, suggesting that 

other undefined properties of the skeleton contribute to bone quality[1,2]. In addition, the mechanisms or 

processes by which bone acquires and regulates its mineral component are not clear [3,4]. Elucidating the 

mechanisms of mineralization has been difficult because the process is a combination of a biological 

process and a physico-chemical one.  

In this proof of concept study, we proposed to study both the biological and physico-chemical processes 

of biomineralization using in vitro approaches through the use of cell lines, and the associated in vitro 

results would be validated using ex vivo murine models. Besides the traditional methods, data generated 

from state of the art methods such as Fourier Transform Infrared, and Raman micro-spectroscopy, atomic 

force microscopy, and scanning acoustic microscopy in addition to STEM, SEM, and EDX were used. 

These hyperspectral imaging techniques allowed direct, in situ detection of multi-scale morphological, 

structure and property characterization of heterogeneous biological tissues and systems [4-7].  

The results from this study showed that we could dynamically image the biomineralization process in 

culture, extracting useful information on composition and properties of matrix.  For example, the results 

showed the usefulness of using the two cell lines, UMR106 and MLO-A5 to study different mechanisms 

of mineralization, one through BMFs and the other through calcospherulite formation.  Additionally, we 

have shown how hyperspectral images can be analyzed using multivariate principal component analysis 

and cluster analysis to provide differences and similarities within and between specimens. Finally it was 

demonstrated how we would begin to perform bone tissue profiling to accomplish the aim of this study. 

References： 

1. Oestreich AK, Carleton SM, Yao XM, Gentry BA, Raw CE, Brown M, Pfeiffer FM, Wang Y, Phillips CL. 

Osteoporosis International, 2016, 27(1), 161-170 

2. Jeong Y, Carleton SM, Gentry BA, Yao XM, Ferreira JA, Salamango DJ, Weis M, Oestreich AK, Williams AM, 

McCray MG, Eyre DR, Brown M, Wang Y, Phillips CL. Journal of Bone and Mineral Research, 2015, 30(10), 

1874-1886 

3. Wang C, Wang Y, Huffman NT, Cui C, Yao XM, Midura S, Midura RJ, Gorski JP, Journal of Biological 

Chemistry, 2009, 284(11), 7100-7113 

4. Yao XM, Eick JD, Bonewald LF, Wang Y, Mater. Res. Soc. Symp. Proc. 2009, Volume 1187, 1187-KK10-05 

5. Parthasarathy R, Thiagarajan G, Yao XM, Wang YP, Spencer P, Wang Y. Journal of biomedical optics, 2008, 

13(1), 014020 

6. Stubbs JR, Liu S, Tang W, Zhou J, Wang Y, Yao XM, Quarles LD. Journal of the American Society of 

Nephrology, 2007, 18(7) 2116-2124 

7. Wang YP, Wang Y, Spencer P. Applied spectroscopy, 2006, 60(7) 826-832  

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

249 
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Bone fracture is a public health issue and affects over 25% population over the age of 50. Although 

tremendous efforts have been made to accelerate fracture healing and elucidate the cellular and molecular 

events of bone fracture, the mechanisms remain largely unknown. Amygdalin is an extract from Chinese 

herb (Persicae Semen and Carthami Flos), which can promote blood circulation. In this study, we aimed 

to investigated the effects and molecular mechanisms of Amygdalin on fracture healing. 

With imaging tests and angiographies, Amygdalin treatment contributed to earlier blurry fracture lines 

and promoted more vessels formation in bone callus. In histology, Amygdalin could accelerate the 

transformation from chondrocyes into woven bones in bone callus, which were regulated by the increased 

expressions of chondrogenic genes (Sox9, Col2a) at day7 and day 10 and osteogenic genes(Col10a, 

Runx2 and osteocalcin) at day10 and day14. Besides, biomechanical properties of fractured bone were 

also enhanced with Amygdalin treatment. These results indicated that Amygdalin promote bone fracture 

healing in Mice. During long-bones fracture healing, endochondral ossification is important and it is 

taken place by the MSCs chondrogenic differentiation and further hypertrophic chondrocytes formation, 

which were mainly regulated by transforming growth factor-β(TGF-β)/Smad signaling. We therefore 

generated Tgfbr2Gli1Cre (Tgfbr2 LOF) mice to specifically delete Tgfbr2 in bone mesenchymal stem cells. 

With Amygdalin treatments in both Cre-negative and Tgfbr2Gli1Cre mices, imaging tests and histological 

analyses revealed the delayed progression of bone fracture healing in Tgfbr2 LOF mice. With Amygdalin 

treatment, C3H10T1/2 murine mesenchymal progenitor cells were also stimulated towards chondrogenic 

differentiation by upregulating of TGF-β/Smad Signaling as evident by elevated expression of Col2, Sox9 

and p-Smad2/3 in vitro. Importantly, TGF-β/Smad inhibition by TGF-β1 blocker attenuated the 

chondrogenic differentiation induced by Amygdalin treatment in C3H10T1/2 cells. 

Collectively, our data elucidate Amygdalin could promote bone fracture healing through TGF-β/Smad 

signaling. And Amygdalin may be used as an alternative approach in orthopedic clinic for the treatment 

of fracture healing. 
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Osteoporosis is a kind of bone metabolism disease characterized by severe low bone mineral density. Our 

previous study showed that γ-aminobutanote (GABA) exhibits a potential protective effect on human 

bone mass[1]. However, the precise mechanism of GABA on BMD remains unclear. Here, our study 

showed that GABA treatment could promote osteogenic differentiation while had no effcect on 

osteoclastogenesis. CCK8 assay suggested that GABA treatment didn`t significantly affect the 

proliferation of human bone marrow mesenchymal stem cells (hMSCs) and RAW264.7 cells. In addition, 

significant increases were seen in expression of RUNX2, COL1A1, SP7 and other osteogenic mRNA 

markers in hMSCs after treatment with GABA (10μM). ALP activity and Ca2+ accumulation were 

promoted by GABA treatment as well. Interestingly, GABA treatment also increased the expression of 

A20 mRNA, which could suppress osteoclastogenesis[2]. In contrast, slight increases were seen in 

mRNA expression of Nfatc1 and Fos in osteoclasts and the number and size of multinucleated TRAP-

positive cells didn’t change obviously. Collectively, our results suggested that modulation of GABA is a 

potential therapy for the treatment of osteoporosis and low bone mineral density. 

 

Reference: 

1. Zhao, Q., et al., Metabolomic profiles associated with bone mineral density in US Caucasian 

women. Nutrition & Metabolism, 2018. 15(1): p. 57. 

2. Min, J.L., et al., Intravenous Immunoglobulin (IVIG) Attenuates TNF-induced Pathologic Bone 

Resorption and Suppresses Osteoclastogenesis by Inducing A20 Expression. Journal of Cellular 

Physiology, 2015. 231(2): p. 449-458. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. GABA treatment promotes osteogenic differention and increase A20 expression 
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Osteoporosis is a progressive age-related disease of bone. Aging damages the osteogenic capacity of 

mesenchymal stem cells (MSCs), with functional decline of osteogenesis together with excess 

adipogenesis, which is the main culprit for osteoporosis. It is PFKFB3, 6-Phosphofructo-2-

kinase/fructose-2,6-bisphosphatase 3 that plays an important role in cell proliferation, differentiation and 

apoptosis and is essential for oncogenesis and the proliferation and migration of cancer cells in particular. 

However, little is known about the critical role of PFKFB3 in the process of bone remolding and 

osteoporosis. Here, we report that PFKFB3 can regulate lineage commitment of BMSCs. We found that 

mRNA and the protein levels of PFKFB3 are upregulated gradually by osteogenic induction in BMSCs, 

in contrast to the declined levels of mRNA and protein during the course of adipocyte differentiation. To 

explore the role of PFKFB3 in BMSCs fate in vivo, we genetically deleted PFKFB3 in BMSCs by 

crossing Pfkfb3f/f mice with Prx1-cre mice, which express Cre recombinase in MSCs that form the limbs 

and some part of the skull instead of the spine or other organs. We found that Pfkfb3 deficient mice 

(Prx1-Cre, Pfkfb3f/f mice) exhibited significantly reduced bone formation and increased marrow fat 

accumulation. Furthermore, BMSCs from Prx1-Cre, Pfkfb3f/f mice and wild-type mice were endowed 

with enhanced adipogenic differentiation as well as impaired osteogenic differentiation. Thus, such 

findings suggest that PFKFB3 could regulate the cell fate of BMSCs both in vitro and in vivo, thus 

uncovering a new mechanism for BMSCs fate determination, and it may carry a potential implication for 

future understanding and treatment of osteoporosis.  
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ORAL MAGNESIUM AND VITAMIN C SUPPLEMENTATION ALLEVIATES 

STEROID-ASSOCIATED OSTEONECROSIS IN RATS 
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Introduction: Pulsed steroid treatment for infectious diseases and rheumatoid diseases often induces 

steroid associated osteonecrosis (SAON) in patients. Excess steroid treatment could directly increase 

apoptosis of osteoblasts and osteocytes, decrease the activity and differentiation of osteoblast, regulate fat 

metabolism and angiogenesis to induce SAON. Besides, oxidative stress is also a high risk in SAON. 

Magnesium (Mg) and vitamin C (VC) are commonly used nutrition supplements. They both could 

regulate oxidative stress and have bone-anabolic effect. 

 

Methods: 24-week-old male Sprague-Dawley rats were used to induce SAON with pulsed injections of 

lipopolysaccharide (LPS) and methylprednisolone (MPS) [1]. Mg (50 mg/kg/day) or VC (100 mg/kg/day) 

or their combination or water control was orally administrated daily for 2 or 6 weeks from the first day of 

MPS injection to sacrifice (n=8/group/time point). Additional sixteen rats were used as normal controls. 2 

and 6 weeks after induction, serum was collected, microfil perfusion was performed for angiography, 

bilateral femora and bilateral tibiae were collected for micro-CT and histological examination.  

 

Results: Histological evaluation showed different SAON incidences at different groups (p<0.05). Tunel 

staining showed that the apoptosis of osteocytes in Mg/VC/combine group was significantly lower than 

that in SAON group (p<0.05). TRAP staining showed lower osteoclast number in Mg/VC/combine group, 

and the lowest was in combine group (p<0.05 for all). Mg and VC could increase osteoblast surface when 

compared to SAON group (p<0.05 for Mg, p<0.01 for VC).  The bone formation marker serum PINP in 

VC/combine group was significantly higher than that of SAON group, and the bone resorption marker 

serum CTX in combine group was significantly lower than that of SAON group (p<0.05). IHC staining 

showed lower TNFαin bone marrow of Mg/VC/combine group. Angiography showed significant more 

blood vessels in proximal tibia and significant less leakage particles in distal tibia 2 weeks after SAON 

induction in Mg/combine group than SAON group. Micro-CT showed significant better trabecular 

architecture in VC/combine group than SAON group at week 6 (p<0.05).  

 

Conclusions: Oral Mg and VC supplementation could alleviate SAON in rats, and their combination 

showed the best effect.  

 

Acknowledgements: Research Grants Council of the Hong Kong Special Administrative Region, China 
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Objectives: To investigate the role of Rictor in the osteoblast function with age and the underlying 

mechanisms, and to define whether targeting Rictor could prevent osteoporosis. 

Methods: Bone samples from normal (3-month-old) and aged (16-month-old) mice were analyzed by 

scanning electonic microscope(SEM) and micro-computed comography(Micro-CT). The adhesive cells 

osteoblasts  were counted in bone surface of two gruops.We generated conditional knockout mice with 

Rictor deletion Osx-GFP-Cre mice. We isolated osteoblasts to check knoctout dfficiency and function for 

bone formation from WT and RictorKO mice. 

Results: Osteoblast adhesion and survival are markedly reduced and Rictor experssion is downregulated 

with aging in vitro and in vivo. Rictor/mTORC2 has been shown to control both actin cytoskeletal 

organization and cell survival.Deletion of Rictor in osteoblasts impairs bone formation and stimulates 

age-related bone loss. Rictor is essential for osteoblast adhesion,mineralization and survival. 

Conclusions: Downregulation of Rictor with aging in osteoblast has an important role in the pathology of 

age-related bone loss. Rictor is essential for bone formation by controlling osteoblast cytoskeletal 

organization, promoting adhesion to the bone surface and survival, and eventually maintaining a 

sufficient number of functional osteoblasts cells. 

        
                                                                               

              
Figure 1 Osteoblast adhesion survival are markedly reduced and Rictor 

expression is downregulated with aging in vitro and in vivo.(a) Representative 

immunohistochemical (IHC) staining for osteocalcin (OCN) from 3-month-old 

and 16-month-old mice.Scale bar,50μm. (b)SEM image of femora trabecular 

bones from 3- and 16-month-old mice.(c) Photomicrographs of fluorescent 

calcein staining of 3- and 16-month-old mice and quantification of mineralizing 

surface/bone surface(MS/BS), mineral apposition rate(MAR)and 

MAR/osteoblast. (d) Cell adhesion analyses of calvarial osteoblast cultures from 

3- and 16-month-old mice with or without matrigel in the plate.(e) Western 

blot analysis of cleaved-poly ADP-ribose poymerase(PARP), Rictor, 

Raptor,OCN,p-AKT(s473) in primary calvarial osteoblasts from3- and 16-month-

old mice. 

Figure 2 Deletion of Rictor osteoblast impairs bone formation 

and stumulates aged-related bone loss.(a) Western blot 

analysis of Rictor and p-AKT(S473) expression in primary 

cultured calvarial osteoblasts from OBRictorKO and wild-type 

mice. (b) Representative IHC staining for p-AKT(S473) of distal 

femora from OBRictorKO and wild-type mice. (d-g) Changes 

in vertebral trabecular BV/TV, BMD, Tb.Sp.(i) Representative 

calcein staining and quantification of MS/BS, MAR and 

MAR/osteoblast in distal femora from 6-month-old 

OBRictorKO and wild-type mice. 
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Hertwig’s epithelial root sheath (HERS) plays an important role in guiding tooth root formation and 

functions as an inducer of odontoblast differentiation through dental epithelial–mesenchymal (DE-DM) 

interaction during tooth root development [1]. HERS cells represent a promising tool for new concepts in 

supporting tooth root regeneration [2]. However, the exact roles of HERS cells in odontoblast 

differentiation have not yet been characterized, because the primary HERS cells are difficult to obtain and 

have limited lifespan. Here, we firstly established the immortalized HERS cell line. Then we investigated 

the effects of HERS cells-conditioned medium (CM) on the odontogenic differentiation of dental papilla 

cells (DPCs) and evaluate the activation of BMP/Smad signaling in vitro. HERS cells CM was effective 

in increasing the expression in DSPP, DMP1, ALP and RUNX2 of DPCs and activity of ALPase. 

Furthermore, Smad4 and pSmad158 in DPCs was significantly activated when treated CM of HERS cells, 

while the activation capacity of CM was neutralized by addition of BMP inhibitor noggin. In vitro sphere-

shaped recombinants expressed tooth marker patterns including Smad4 and pSmad158. In vivo, our 

implanted recombinants exhibited mineralized tissue formation of specified size and shape, and Smad4, 

pSmad158 and odontoblast differentiation marker expression. Our results indicated that HERS cells 

promoted odontoblastic differentiation of DPC via BMP/Smad Signaling and our HERS cell lines may 

serve as suitable cell models for basic research on HERS and the DE-DM interaction during tooth root 

development. 

 

[1] Santosh AB, Jones TJ. The epithelial-mesenchymal interactions: insights into physiological and 
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Cerium oxide nanoparticles (CeO2NPs) have been regarded as potent scavenger to cellular reactive 

oxygen species (ROS). Many studies showed CeO2NPs could act as SOD and CAT mimetic catalyzes, 

which protect cells from oxidative stress and alleviate inflammatory related syndromes. While oxidase-

like activity of CeO2NPs was proved in acidic environments and showed toxicity to acidic cancer cells. 

Bone metastasis is a common complication of breast cancer and activated osteoclasts have been proved to 

contribute to this process. This study demonstrated that CeO2NPs (d<25 nm) could accumulate in bone 

marrow-derived macrophages (BMMs), the precursor of osteoclasts. Instead of scavenging cellular ROS, 

CeO2NPs elevated ROS level in BMMs and facilitated RANKL-dependent osteoclasts formation in lower 

concentrations (1.0 μg/mL to 8.0 μg /mL), which coordinated with increased expression of Nfatc1 and C-

fos, larger F-actin ring formation and increased bone resorption. The activation of MAPK and NF-κB 

signaling ways was also enhanced by CeO2NPs treatment. However, CeO2NPs at concentrations over 

16.0 μg/mL could inhibit bone BMMs from differentiating into mature TRAP-positive osteoclasts. 

CeO2NPs elevated ROS level in BMMs during osteoclasts formation and increased apoptosis of BMMs at 

higher concentrations. A reduced expression of Bcl2 and increased expression of cleaved-caspase 3, Bad, 

Bax were also found in groups treated with higher CeO2NPs concentrations. Meanwhile CeO2NPs 

suppressed invasion and migration of breast cancer in vitro. In conclusion, this study demonstrates that 

CeO2NPs can facilitate osteoclasts formation at lower concentrations but induced the apoptosis of BMMs 

through modulating ROS level at higher concentrations. And CeO2NPs could be a potential therapy to 

bone metastasis of breast cancer. 

 

 

 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

256 
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Most tendons and ligaments have fibrocartilaginous entheses, where there are four distinct types of tissues 

including tendon, fibrocartilage, calcified fibrocartilage and bone [1]. The tidemark, as shown in Fig.1, 

separates the uncalcified and calcified fibrocartilage zones, it is described as the mechanical boundary 

between soft and hard tissues. It is known that mechanical loading is important for the development of 

enthesis, abrupt change of materials between tendon and bone can lead to stress concentrations and result 

in failures. Tendon-to-bone insertion is complex, it has been hypothesized as continuous, functionally 

graded material to improve stress transfer [2]. In this paper, the complexity of a tidemark shown in Fig. 1 

was analysed using fractal, it was found that the tidemark has a fractal dimension of 1.173. Based on the 

tidemark, a finite element model of the uncalcified and calcified fibrocartilages was created to simulate 

stress distributions in the two fibrocartilage zones. With an assumed stiffness difference between the two 

materials, it was found that tensile and compressive stresses were developed along the tidemark in the 

calcified fibrocartilages as shown in Fig. 2. The findings could help understand the development of 

entheses and design of biomaterials of fractal dimensions for repairing tendon fractures.  

 

Fig. 1 Fibrocartilaginous enthesis of the human Achilles tendon [1] 

    

Fig. 2 Compressive stress (left) and tensile stress(right) in calcified fibrocartilage (MPa) 
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There is no effective drug for Osteoarthritis (OA). TGF-β/Alk5 upregulating PRG4 expression 

maintains articular cartilage homeostasis through PKA-CREB signaling pathways. PRG4 is mainly 

secreted by articular cartilage superficial cells (ACSCs). However, the underlying mechanism of 

Alk5 signaling in ACSCs and preventing osteoarthritis initiation is still unclear.                  

Mice with inducible ACSCs-specific deletion of Alk5 were generated to assess the role of Alk5 in 

OA development. Alterations in cartilage structure were evaluated histologically. The chondrocyte 

apoptosis and cell cycle were detected by TUNEL and Edu staining, respectively. Isolation, culture 

and treatment of ACSCs, the expressions of genes associated with articular cartilage homeostasis 

and Alk5 signaling were analyzed by qRT-PCR. The effects of Alk5 signaling on proliferation and 

differentiation of ACSCs were explored by cells count and alcian blue staining. Senescence 

appearance were detected by Mito Tracker, Lyso Tracker and β-gal staining, respectively. In 

addition, ACSCs were harvested and mixed with matrigel gel were subcutaneously injected in 

athymic mice and subjected to histological inspection. Our results revealed that postnatal ACSCs-

specific deletion of Alk5 induced an OA-like phenotype with degradation of articular cartilage, 

synovial hyperplasia as well as enhanced chondrocyte apoptosis, overproduction of catabolic 

factors, and decreased expressions of anabolic factors in chondrocytes. Besides, Edu and TUNEL 

staining results revealed that slow-cell cycle cell number and increase the apoptosis positive cell in 

Alk5 cKO mice, respectively. qRT-PCR results showed that the mRNA expression of Prg4 was 

downregulated in ACSCs of Alk5 cKO mice. In addition, deletion of Alk5 signaling of ACSCs 

leaded to the mitochondrial mass accumulation, lysosome breakdown and β-gal-positive cells 

increased. Furthermore, deletion of Alk5 signaling of ACSCs contained more cavitation cells 

though it did stain with alcian blue. Taken together, these results demonstrate that Alk5 signaling is 

important for anti-senescence of ACSCs by maintaining chondrocyte number, chondrogenic 

differentiation, and lubrication function. Which is play a critical role in protecting cartilage from 

OA initiation.         
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Background: Bisphenol A(BPA), one of the most frequent endocrine-disrupting chemicals, is confirmed 

as potential causative agent of developmental defects of enamel (DDE). Although a number of 

transcription factors and pathways have been implicated in DDE, the role of epigenome in this process 

within dental epithelial compartment remains unclear.  

Objectives: The aim was to identify the epigenetic regulator involved in stem cell-based amelogenesis 

and to determine epigenetic mechanisms involved in BPA-induced DDE.  

Methods: Experimental animal model that replicates DDE was induced by maternal BPA exposure. 

Incisor labial cervical loop and dental epithelial stem cells(DESCs) were harvested. Genome-wide mRNA 

and histone modification(H3K27me3) profiles were established with high-throughput sequencing. The 

H3K27 methyltransferase EZH2 and DESCs fate choice regulator, Lrig1, were selected as research 

objects. Gain and loss of function analyses were conducted to explore their roles in regulating DESCs fate 

choice and differentiation. 

Results: BPA exposure significantly suppressed enamel formation but increase DESCs proliferation in 

offspring. Remarkably, a profound change being observed in the global H3K27me3 map of DESCs with 

BPA exposure, as 3649 genes were significantly enriched for H3K27me3 in BPA-treated group. 

Furthermore, a strong reverse relationship was apparent between H3K27me3 marking and the expression 

of specific genes, such as Bmi1, Gli1 and Lrig1, which indicates that the epigenome has an important role 

in directing cell-fate changes from DESCs to ameloblasts. We therefore examined the role of EZH2 in 

DDE. Its expression coincided with H3K27me3 modifications, driven in part by ERα. Depletion of EZH2 

attenuated BPA-induced decreases of Lrig1 and increases of H3K27me3. Besides, ChIP-qPCR 

demonstrated that EZH2 and H3K27me3 are enriched at the Lrig1 promoter in DESCs exposed to BPA,.  

Conclusions: Epigenetic silencing of Lrig1 via EZH2-mediated H3K27me3 is involved in increased 

proliferation and self-renewal of DESCs induced by BPA and thereby contributes to abnormal enamel 

formation in DDE. 

 

 

 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

259 
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Objective: To observe the secondary bone damage in mice with systemic lupus erythematosus(SLE) and 

explore the intervention effect of dihydroartemisinin.  

Methods: Twenty-four 15-week-old female B6.MRL-Faslpr/J mice were divided into three groups and 

were administered either a daily dose of saline (SLE group), prednisone 6 mg/kg (SLE+GC group), or 

dihydro- artemisinin 150 mg/kg (SLE+DHA group) daily for a duration of 12 weeks. Eight age-matched 

female C57BL/6J wild-type (WT) mice were used for control. Micro-computed tomography assessments 

and bone histomorphometric analysis of both sites of proximal tibia，femur biomechanics testing were 

performed to support our research endeavor.  

Results: The results showed that when compared with WT group, the bone mass, trabecular connectivity 

density, trabecular mineral density as well as the trabecular thickness were all decreased while the degree 

of trabecular separation along with structure model index(SMI) increased, that is more plate-like 

trabeculae transformed into rod-like trabeculae in SLE group. Moreover, bone formation rate (BFR /TV) 

declined while bone resorption escalated significantly in SLE group. Meanwhile, Elastic load, maximum 

load and fracture load of femur decreased in SLE group. The bone formation rate of SLE + GC group was 

further reduced. Compared with the SLE group, the bone mass, trabecular connectivity density as well as 

trabecular mineral density raised with trabecular microstructure improvement and bone resorption 

inhibition in SLE+ DHA group. Meantime，bone formation was higher in SLE+ DHA than that of 

SLE+GC group. The elastic load, maximum load and fracture load in SLE+Art group were higher than 

those in SLE group and SLE+GC group.  

Conclusions: Dihydroartemisinin not only significantly reduce high bone resorption without affecting 

bone formation, but also prevent bone loss and deteriorated bone microstructure and biomechanical 

properties induced by SLE.  
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Vasculature and nerve play a significant role in bone modeling and remodeling. Revealing their 3D 

expression patterns are necessary for understanding the process of bone repair for their network structures. 

However, we only have a limited view from 2D pictures using common sectioning methods. Recent 

tissue-clearing techniques have become important alternatives to standard histology approaches. Tissue 

clearing techniques make tissue transparent while preserving endogenous fluorescent signals. 3-

dimentional visualization of whole organs at single cell resolution is becoming possible. Previously, we 

have developed a novel tissue clearing method, called PEGASOS, which could make both hard and soft 

tissue extremely clear while preserving endogenous fluorescent signal. Here, we will investigate the 

application of PEGASOS method in 3-dimentional visualization of nerve and vasculature organization 

change in tooth extraction socket during healing.  

Method: The first molar was extracted from adult mouse. Mandible was collected at different time point 

after tooth extraction and was processed following sequential steps including decalcification, 

decolorization, delipidation, dehydration and final clearing. Syn1-cre;tdtomato transgenic mice was used 

to label nerve and GS-IB4 Alexa fluor 488 conjugate tail vein injection to label blood vessel. Samples 

were imaged with Leica sp8 two photon microscope. Images were then processed with the Imaris 9.3.1 

software.  

Results: The PEGASOS method efficiently clear mandible and provides superior florescence protection. 

Combining with transgenic mouse models and dye perfusion, we were able to observe 3-dimentional 

organization of vasculatures and innervation within the socket during healing period based on two photon 

microscope images. Interesting patterns were revealed from our analysis.  

Conclusion:  3-dimentional visualizing and analyzing nerve and vasculature network change during tooth 

socket healing were achieved by PEGASOS tissue clearing method. 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

261 
 

IS LBX1 PLAYING A ROLE IN THE DIFFERENTIATED PARASPINAL MUSCLE 
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Purpose: AIS is a three-dimensional spinal deformity with unclear etiopathogenesis. LBX1 is so far the 

only multi-centers validated AIS predisposing gene. The posterior paraspinal muscles provide dynamic 

stability to the spinal column and their imbalance has been speculated as an important factor in AIS 

etiopathogenesis. It is poorly understood how LBX1 contribute to the abnormal paraspinal muscle 

phenotypes and onset/progression of AIS. We hypothesized that there is differentiated expression of 

LBX1 between paraspinal muscles at the concave and convex side of the apex of major curve in AIS, and 

such discrepancy could lead to imbalance myoblasts activities resulting in differentiated muscle 

phenotypes, and potentially influence muscle-bone interaction via differentiated myokines expression. 

Method: Paraspinal muscles from AIS and age- and curvature-matched CS (congenital scoliosis) patients 

were collected for fiber types analysis and staining of satellite cell marker. Biopsies were also subjected 

to RT-qPCR and western blot to validate muscle related markers. Non-scoliosis control biopsies were 

included in this study as well to serve as normal reference. HSMM (human skeletal muscle myoblast) 

cells were used as cellular model for LBX1 gain- and loss-of-function study in vitro. 

Result: Muscle fiber types analysis showed cross-sectional area of type I and type IIX/IIAX fibers were 

significantly different between AIS concave and convex but not in the two sides of CS. mRNA expression 

levels of myogenic markers were significantly different between the convex and concave sides in AIS but 

not in CS (Fig 1). Gain- and loss-of-function study in HSMM showed that LBX1 could negatively 

regulate myoblast fusion (Fig 2) and impair myokines expression.  

Conclusion: Our results demonstrated for the first time, asymmetric muscle profiles and different 

expression levels of LBX1 between the concave and convex sides paraspinal muscles in AIS. In vitro 

study supported the hypothesis that abnormal LBX1 expression could modulate myoblast activities and 

myokines expression, which may contribute to the observed imbalance of paraspinal muscles as well as 

structural abnormalities of osteocyte lacuno-canalicular network in two sides of facet joints. Further 

investigation with appropriate animal models is warranted to explore if abnormal activity of LBX1 could 

result in distinct muscle phenotypes and asymmetric bone qualities thus affect the progression of spine 

curvature in AIS.  
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AFF4 PROMOTES ODONTOGENIC DIFFERENTIATION OF DENTAL PULP STEM 

CELLS 
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Objectives: AFF4 belongs to the AFF (AF4/FMR2) family of proteins, which functions as scaffolding 

protein linking two different transcription elongation factors, positive elongation factor b (P-TEFb) and 

ELL1/2, in super elongation complexes (SECs). AFF4 regulates gene transcription through elongation 

and chromatin remodeling. The objective of the present study is to delineate the effect of AFF4 on 

odontogenic differentiation of dental pulp stem cells (DSPCs). 

Methods: DPSCs were obtained from the third morlars of human with patients' consent. Small interfering 

RNA was used to deplete AFF4 expression, while lenti-virus particles was empolyed to overexpress 

AFF4.The depletion and overexpression efficiency was verified by quantitative reverse transcription PCR 

(RT-PCR) and western blot. DPSCs were incubated with odontogenic differentiation medium after 

reaching confluence. mRNA levels of odontogenic transcription markers were determined by RT-PCR at 

3 and 7 days after induction.Alkaline phosphatase (ALP) and Alizarin red S (ARS) staining were 

perfomed at 7 and 14 days, respectively.To further elucidate the underlying mechanism ,ChIP-PCR was 

perfomed. 

Results: First, we show that AFF4 is expressed in dental pulp tissue, especially in the mature 

odontoblasts. Depletion of AFF4 leads to decreased ALP activity and impaired mineralization as 

evidenced by ALP and ARS staining, respectively. In addition, the expression of odontogenic-related 

genes, such as RUNX2, SP7, BGLAP and SPP1, is significantly down-regulated. On the contrary, 

overexpression of AFF4 significantly improves the odontogenic potential of DPSCs. Mechanistically, we 

find both the mRNA and protein levels of NFIC, a critical regulator of tooth root development, are 

decreased upon AFF4 depletion. ChIP-PCR results also show that AFF4 is enriched in the promoter 

region of NFIC. Overexpression of NFIC in AFF4-depleted DPSCs partially rescues the impairment of 

odontogenic differentiation. 

Conclusions: Our data indicates that AFF4 promotes the odontogenic differentiation of human DPSCs 

through regulating the transcription of NFIC. 
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TGFβR2/IL36α AXIS: A NOVEL THERAPEUTIC TAGRGET FOR OSTEOARTHRITIS 
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Mechanisms that govern the shift from joint homeostasis to osteoarthritis (OA) remain unknown. Here, 

we identify one such mechanism - a pathway employed for joint development and homeostasis, and its 

role in OA. By combining laser captured microdissection and microarray assay we first identified 

upregulated IL36α and its receptor--IL36R in synovial joints of Tgfbr2 conditional knockout mice in 

which synovial joints are developed abnormally. Then using a combination of transgenic, 

pharmacological, and surgical conditions in mouse and human tissues, we found that TGFβ signaling 

promotes joint homeostasis through regulation of the IL36 family. We also identified IL36-receptor 

antagonist (IL36Ra in mice and IL36RN in humans) as a potential disease-modifying OA drug. 

Specifically, OA development was associated with IL36α upregulation and IL36Ra downregulation in 

mice with tissue-specific (TS) postnatally-induced ablation of Tgfbr2, mice treated with a TGF-β 

signaling inhibitor, mice with DMM (destabilization of the medial meniscus) surgery induced post-

traumatic OA, and aging mice with naturally occurring OA. In human cartilage, OA severity was 

associated with decreased TGFBR2 and IL36RN whereas IL36α increased. Functionally, intra-articular 

treatment with IL36α worsen OA development in mice, and IL36α treatment upregulated catabolic factors 

including MMP13 via NFKB and MAPK signaling pathways but downregulated anabolic factors  in 

human OA chondrocytes. Remarkably, intra-articular treatment with IL36Ra attenuated OA development 

in mice, and IL36RN reduced MMP13 in human OA chondrocytes. These findings highlight the 

relevance of TGFBR2-IL36 interplay in joint homeostasis and IL36RN as a potential therapeutic agent 

for OA. 

 

Note for reviewer: This work of this abstract was recently accepted by Science Translational Medicine. 

We appreciate if we could get opportunity to give an oral presentation to report our study.  
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Introduction: Giant cell tumor of bone (GCTB) is a locally aggressive bone destructive lesion that 

contributes to approximately 16.7% of all primary bone tumors in China. GCTB stromal cells are widely 

known as the primary neoplastic cells, which originate from bone marrow mesenchymal stem cells (MSC) 

and are recognized as incompletely differentiated Preosteoblasts. The possibility of differentiation therapy 

to treat GCTB by differentiating the stromal cells into mature osteoblasts is attractive as this may stop the 

tumor growth and also inhibit excessive RANKL expression by the stromal cells thus reduce bone 

resorption. In this study, we aimed to investigate the effects of Simvastatin on cell viability and 

osteogenic differentiation of GCTB stromal cells, and their underlying molecular pathways. 

Methods: GCTB specimens were collected from the patients underwent surgical excision of the tumor at 

Prince of Wales Hospital. Written consents were obtained from the patients and the study protocol was 

approved by the Joint CUHK–NTEC Clinical Research Ethics Committee. Primary culture of GCTB 

stromal cells were established from the tumor specimens. We studied the effects of Simvastatin on cell 

viability by with the water-soluble tetrazolium salt (WST-8) assay, cell proliferation using 

Bromodeoxyuridine (BrdU) incorporation assay, and cell apoptosis with the Annexin-V-FLUOS staining 

kit followed by flow cytometry. mRNA expression of the osteoblastic markers was detected by real-time 

PCR, and Protein expression of BMP2 and P-SMAD1/5 was detected by western blots. Terminal 

differentiation of the GCTB stromal cells were assessed by alizarin red at day 28.  

Results: In our study, we showed that Simvastatin significantly inhibited cell viability (Fig. 1) in the 

GCTB stromal cells, by decreasing cell proliferation and inducing cell apoptosis (Fig. 2). GGOH rescued 

Simvastatin-induced cell apoptosis which indicates that it exerts apoptotic effect by reducing the 

availability of GGPP, which is an important isoprenoid metabolite required for prenylation of guanosine 

triphosphate (GTP)-binding proteins. Prenylation of small G-proteins is mandatory for vital cellular 

processes such as cell proliferation and differentiation. On the other hand, Simvastatin induces osteogenic 

differentiation of the GCTB stromal cells by up-regulating BMP2 and Phospho-SMAD1/5 (Fig. 3). Our 

results are concurrent with other studies and provide a molecular rational that Simvastatin could be 

exploited as potential pharmacological adjuvants in GCTB. 

  

 

 

 

 

 

 

 

Fig 1. Simvastatin inhibited cell viability 

Fig 2 Simvastatin induced cell apoptosis. Fig. 3 Simvastatin induced osteogenic differentiation by up-regulating 

BMP2 & Phospho-SMAD1/5. 
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DIFFERENTIATION OF TENDON-DERIVED STEM CELLS IN THE 

DEGENERATIVE TENDON MICROENVIRONMENT 
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Tendinopathy is prevalent in athletic and many occupational populations. The pathogenesis of 

tendinopathy remains unclear (1). It was found that the pathological tendon tissues had degenerative 

changes including tendolipomatosis, proteoglycan accumulation, and calcifying tendinopathy (2), which 

implied the presence of adipocytes, chondrocytes, or even osteocytes in tendinopathy. Tendon-derived 

stem cells (TDSCs) were regarded as key culprit for the development of tendinopathy. However, it is 

uncertain how TDSCs differentiate into adipocytes, chondrocytes or osteocytes (3). This study 

investigated the regulating effects of the degenerative tendon microenvironment on differentiation of 

TDSCs. TDSCs were isolated from rat Achilles tendon, and grew on normal and degenerative 

decellularized tendon slices (DTSs). Immunofluorescence staining, H&E staining, real time PCR, and 

western blot were used to delineate the morphology, proliferation and differentiation of TDSCs in the 

degenerative microenvironment. It was found that TDSCs spread much more extent on the degenerative 

DTSs than those on normal DTSs. The tenocyte-related markers, COL1 and TNMD, were highly 

expressed on normal DTSs than the degenerative DTSs. The expression of chondrogenic and osteogenic 

markers, COL2, SOX9, Runx2 and ALP were higher on the degenerative DTSs compared with TDSCs on 

normal DTSs. Furthermore, phosphorylated FAK and ERK1/2 were reduced on degenerative DTSs. In 

conclusion, this study found that the degenerative tendon microenvironment induced TDSCs to 

differentiate into chondrogenic and osteogenic lineages. It could be attributed to the cell morphology 

changes, and reduced FAK and ERK1/2 activation in the degenerative microenvironment of tendinopathy. 
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The high-performance polyetheretherketone (PEEK) exhibits a bioinert nature, which limits its use in 

orthopedic implants. To improve the bioactivity of PEEK biomaterials, addition of hydroxyapatite (HA) 

into PEEK by compounding, injection molding and plasma sprays [1] has been recognized as an effective 

approach. However, the mechanical properties of the HA/PEEK [2] composites decreased to some extent 

due to a relative weak bonding between HA particles and PEEK matrix. In this work, we report a novel 

method based on 3D braiding and hot-pressing to yield a bioactive PEEK/nHA composite with a better 

combination. The surface morphology, elastic modulus at micro level, bending testing [3], and in vitro 

bioactivity of the composite, as well as the cellular responses of MC3T3-E1 cells (adhesion, proliferation, 

and differentiation) to the composites, were investigated. It was found that the nHA fillers were rather 

uniformly clustered in the gap between PEEK filaments in the braided matrix, and exhibit better 

mechanical properties, including elastic modulus, bending strength and fracture toughness than those of 

pure PEEK. Apatite-like crystal formation was observed on composites with higher nHA content after 

incubation for 14 days in simulated body fluid (SBF). The cell culture results displayed that the adhesion, 

proliferation and osteogenic differentiation of MC3T3-E1 cells were promoted for the PEEK/nHA 

composites compared with pure PEEK matrix. These results exhibited both good mechanical properties 

and bioactivity of the braided PEEK/nHA composites, suggesting that combining the 3D braiding with 

hot-pressing technique is promising approach for customized orthopedic implants. 

 

[1] G.M. Wu, W.D. Hsiao, S.F. Kung. Surface & Coatings Technology 23 (2009) 2755-2758. 

[2] L. Wang, L.Q. Weng, Q.J. Sun. Materials Letters 64 (2010) 2201-2204. 

[3] T.P. Oliveira, S.N. Silva, J.A. Sousa. Internation Journal of fatigue 108 (2018) 1-8. 
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TBK1 is a serine/threonine protein kinase that belongs to the IκB kinase (IKK) family. High level of 

active TBK1 has been found to be closely associated with the inflammatory diseases1. However, direct 

relevance of TBK1 in bone metabolism still lacks. Given the positively regulatory role of inflammatory 

responses during osteoclastogenesis, we hypothesized that TBK1 may have function in bone metabolism. 

In this study, we observed the effect of TBK1 knockdown on osteoclast differentiation in mouse bone 

marrow macrophages (BMMs) and RAW264.7 cells, both of which differentiate into osteoclasts upon 

induction by receptor activator of nuclear factor kappa B (NF-kB) ligand (RANKL). With Tartrate 

Resistant Acid Phosphatase (TRAP) staining, TBK1 knockdown greatly reduces osteoclast differentiation 

in both cell lines. The number of F-actin rings is also decreased after TBK1 silencing. Moreover, a set of 

gene expressions which are up-regulated during osteoclastogenesis are greatly decreased by knockdown 

of TBK1 in both cell lines, including Atp6v0d2, Cathepsin K, Mmp-9, NFATc1 and RANK. 

Mechanistically, TBK1 deficiency attenuates the transcriptional activity of NF-κB, as well as the 

activation of mitogen-activated protein kinase (MAPKs) and Akt signaling pathways upon RANKL 

induction. Thus, these results indicate that TBK1 may directly regulate osteoclastogenesis. The protein 

may serve as a potential therapeutic target for the treatment of metabolic bone diseases.  
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Introduction: It has been previously shown that Low-Magnitude High-Frequency Vibration (LMHFV) is 

able to enhance ovariectomy-induced osteoporotic fracture healing. These well-coordinated stages begin 

with the inflammatory stage, and all subsequent stages are regulated by the release of inflammatory 

cytokines. Therefore, it is hypothesized that the application of LMHFV would restore the inflammatory 

response leading to accelerated healing of osteoporotic fracture. 

Materials and Methods: Ovariectomy-induced osteoporotic closed-femoral fracture SD-rats were 

randomized into sham control (SHAM), ovariectomized control (OVX-C) or ovariectomized vibration 

(OVX-V) (n=36, n=6 per group per time point). Local expressions of TNF-α, IL-6 and IL-10 were 

detected by immunohistochemistry and quantified by colour threshold in ImageJ, assessed at weeks 1 and 

2 post-fracture. Callus morphometry was determined by callus width from weekly radiography. 

Results: Significantly higher TNF-α and IL-6 expressions but lower IL-10 expression were found at the 

bony callus in OVX-V and SHAM rats at week 1 compared with OVX-C, which indicates better 

inflammatory response after vibration treatment. Callus width was higher in OVX-V than that of OVX-C 

at weeks 1 and 2. Significantly higher callus width was also detected in SHAM than in OVX-C at week 2. 

Discussion: This study reconfirmed that ovariectomy impaired the inflammatory response in fracture 

healing. Inflammatory cytokines involved in fracture healing were shown to coordinate different 

processes in the early healing phase such as mesenchymal stem cell (MSC) recruitment1, 2 and 

angiogenesis3. Enhanced pro-inflammatory TNF-α and IL-6 expressions and suppressed anti-

inflammatory IL-10 expression in OVX-V group suggest that vibration treatment has significantly 

enhanced inflammatory response in OVX bones, thus leading to accelerated fracture healing as evidenced 

by promoted callus formation during the early healing phase. 

Acknowledgement: This project was supported by OTC(2015-SCNT) and NSFC(81472097). 
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Fig. 1 Temporal changes of callus width measured in lateral radiographs in SHAM, OVX-C and OVX-V groups (* 

p≤0.05, n=6, error bar ± SD) 

Fig. 3 (A) TNF-α and IL-10 expressions by immunohistochemistry (IHC) at bony callus at week 1 post-fracture; (B) 

TNF- α (C) IL-6 (D) IL-10 expressions in SHAM, OVX-C and OVX-V groups (* p≤0.05, n=6, error bar ± SD)             
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Objective: This study was to elaborate the mechanism of PDGF-BB on regulating VEGF signaling 

mediated destructive repair of SAON.  

Methods: SAON was induced by injection of LPS and MPS. At 2, 4, 6 weeks after induction, 2µg 

rhVEGF, 1µg rhPDGF-BB, or 25µg anti-PDGF-BB were intramedullary injected into the bone marrow of 

femur. At week 6 after induction, femora were dissected for bone and histological analysis. Meanwhile, 

the osteoclastic and osteoblastic differentiation and function, as well as the vascular formation were 

analyzed in vitro. 

Results: After 6 weeks, serum PDGF-BB level in SAON rabbits was decreased by 18% compared to that 

in the non-induction group, the ratio of PDGF/VEGF went down as well. Histological evaluation showed 

that rhVEGF exacerbate destructive repair and showed a lower PDGF/VEGF ratio. RhVEGF injection did 

not increase serum PDGF-BB level, while rhPDGF-BB injection significantly enhanced serum PDGF-BB 

level in SAON rabbits. Micro-CT demonstrated that rhPDGF-BB not only increased cancellous bone 

BMD, BV/TV, Tb.N, Conn.Dn and decreased Tb.Sp, but also inhibited VEGF-mediated vascular 

hyperpermeability. Furthermore, we found PDGF-BB could positively regulate bone turnover and 

metabolism markers. In vitro, VEGF stimulated osteoclasts differentiation, but rhPDGF-BB maintained 

cells in pre-osteoclasts situation to decrease mature osteoclasts formaiton. In addition, rhPDGF-BB could 

inhibit trap and cathepsin K mRNA level and showed a negative correlated dose-dependent manner. In the 

term of vessel tube formation, rhPDGF-BB could promote vessel tube formation and decrease VEGF-

mediated tube budding. As to osteogenesis, VEGF both increased osteogenesis and adipogenesis, while 

rhPDGF-BB significantly suppressed adipogenic differentiation. 

Conclusion: RhPDGF-BB improved VEGF-mediating destructive repair by promoting new bone 

formation and protecting vessel structure and function. 

Acknowledge: This work was supported by Natural Science Foundation of China (Project No.81501893, 

81773964), Shenzhen Fundamental Research Foundation (Project No. JCYJ20160229195715386, 

20170502171625936). 
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PLASMA MIR-145 IS A PROGNOSTIC BIOMARKER TO PREDICT CURVE 

SEVERITY IN ADOLESCENT IDIOPATHIC SCOLIOSIS (AIS) – A 6 YEARS 

LONGITUDINAL STUDY 
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Purpose: With unclear etiopathogenesis of AIS, the search for risk evaluation of curve progression at 

early stage for effective intervention is an important clinical question that has yet to be solved. We 

reported overexpression of miR-145-5p in AIS osteoblasts impairing osteocytogenic differentiation. We 

hypothesized that circulating miR-145 is a promising biomarker in predicting curve severity after 

reaching skeletal maturity in AIS with a 6 years longitudinal cohort. 

Method: AIS girls (N=120) were recruited from our Scoliosis Research Clinic at their first clinical visit. 

Age-/gender- matched healthy control subjects (N=50) were recruited from local primary school. The AIS 

subjects were followed up clinically every 6 months for 6 years. Severe AIS was defined as Cobb 

angle>40o at the end of 6 year follow-up. Plasma miR-145 level was determined by Taqman assay. 

Student’s T test, Spearman’s rank correlation test, area under ROC curve (AUC) and logistic regression 

were used for statistical analysis by SPSS. 

Results: Plasma miR-145 could significantly distinguish AIS from control(Fig A). Plasma miR-145 level 

showed negative correlation with Cobb angle of AIS significantly. A composite prognostic model showed 

outstanding prognostic power to predict curve severity. (Fig B)  

Conclusion: This study show the clinical implication of plasma miR-145 in predicting curve severity of 

AIS. The prognostic models constructed in the study provide new clinical regime to guide decision-

making at early stage of AIS to prevent progression of spinal deformity.  

Acknowledgement: HMRF (Project no: 04152176), RGC (Project no: 463113),NSFC/RGC (Project no: 

N_CUHK416/16; Project no: 81661168013) RGC (Project no:14163517) 
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DIFFERENTIATION: POTENTIAL DIAGNOSTIC AND THERAPEUTIC TARGETS 

FOR POSTMENOPAUSAL OSTEOPOROSIS 

Huan Liu1,2, Chujiao Lin1, Runze Jin1, Zhi Chen1.  

1State Key Laboratory Breeding Base of Basic Science of Stomatology (Hubei-MOST) and Key 

Laboratory for Oral Biomedicine of Ministry of Education (KLOBM), School and Hospital of 

Stomatology, Wuhan University, Wuhan 430079, China., 2Department of Periodontology, School and 

Hospital of Stomatology, Wuhan University, Wuhan 430079, China 

 

Introduction: MicroRNAs (miRNAs) are the most abundant RNA species found in serum, and recently, 

several miRNAs have been found to be associated with osteoporosis. However, the development of such 

associated miRNAs into diagnostic and therapeutic targets remains unaddressed, mostly because of a lack 

of functional validation. Here, we identified circulating miR-338 associated with postmenopausal 

osteoporosis, and performed functional validation in vivo and in vitro. 

Methods:  We collected the serum from postmenopausal osteoporosis patients (N=15) and female 

volunteers of the same age but with normal bone density (N=15) and examined the enrichment of miR-

338 cluster. We also confirmed such enrichment using mice subjected to ovariectomy at different stages. 

We employed primary bone marrow stromal cells from mice and the pre-osteoblast cell line along with 

CRISPR, RNA-seq and ChIP-qPCR to validate the biological function of secreted miR-338 cluster on 

osteoblastic differentiation and their upstream regulators. In addition, we generated miR-338 knockout 

mice and OVX mice injected with an inhibitor against miR-338 to confirm its biological function in vivo.  

Results: We observed a significant enrichment of miR-338 cluster in postmenopausal osteoporosis 

patients. Such enrichment was also prominent in serum from mice subjected to ovariectomy and was 

detected much earlier than bone density defect revealed by micro-CT. We also confirmed the presence of 

an estrogen-dependent Runx2/Sox4/miR-338 positive feedback loop that modulated osteoblast 

differentiation, providing a possible explanation for our clinical findings. Moreover, deletion of the miR-

338 cluster or direct intravenous injection of an miR-338 cluster inhibitor significantly prevented 

osteoporosis after ovariectomy.  

Conclusion: Circulating miR-338 cluster in the serum could serve as a promising diagnostic and 

therapeutic target for postmenopausal osteoporosis patients. 

Conflict of interest statement: Huan Liu, Chujiao Lin, and Zhi Chen have submitted a patent for using 

the inhibitors of miR-338 and miR-3065 treating osteoporosis. Patent number: 201710708188.9 (China), 
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Postmenopausal osteoporosis (OP) is one of the most common bone diseases affecting millions of women. 

Reduced osteogenesis and increased oxidative stress have been implicated in bone marrow mesenchymal 

stem cells (BMMSCs) derived from OP patients. The objective of this study was to investigate whether 

melatonin could prevent OP-induced bone loss by rescuing the impaired osteogenic potential and 

antioxidant functions. Ovariectomy was performed in female rats and, after 3 months, BMMSCs were 

isolated from osteoporotic rats. In vitro we found osteogenic potential and antioxidant functions of OP 

BMMSCs were impaired. Treatment with melatonin successfully improved the osteogenic differentiation 

of OP BMMSCs, evidenced by increased levels of matrix mineralization and osteoblast-specific genes. In 

melatonin-treated cells, intracellular oxidative stress was significantly attenuated, while the levels of 

intracellular antioxidant enzymes, in particular superoxide dismutase 2 (SOD2) and glutathione 

peroxidase 1 (GPX1), were noticeably up-regulated. Silent information regulator type 1 (SIRT1) was 

involved in the melatonin-mediated recovery effects on osteogenesis and antioxidation. In addition, two 

SIRT1 inhibitors, sirtinol and nicotinamide (NAM) were used to inhibit SIRT1 activity. Inhibition of 

SIRT1 was verified to counteract the effect of melatonin on osteogenesis and antioxidant functions. 

Meanwhile, in vivo injection of melatonin via tail vein successfully reversed the deterioration of 

trabecular bone micro-architecture in OVX rat femurs. Further experiments confirmed that BMMSCs 

derived from melatonin-treated rats exerted a well-preserved antioxidant and differentiation capacities. 

Our findings demonstrate that intravenous administration of melatonin is a promising strategy for treating 

patients with postmenopausal OP. 
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Disc degeneration disease is a common chronic degenerative joint disease which has been one of the 

important causes of physical disability. In recent years, abnormal lipid metabolism has been demonstrated 

closely related to the degenerative disc disease. Apolipoprotein E plays a role in lipid transport and 

metabolism through mediates the interaction of apoE-containing lipoproteins to lipoprotein-related 

receptors. ApoE knockout mice were often used to study lipid metabolism disorders. Our study show that 

deletion of apoE accelerates the degeneration of the lumbar spine. Compared with WT mice, apoE KO 

mice show reduced intervertebral disc height and increased vertebral bone mass which may promote the 

degeneration of cartilage endplate. Cartilage endplate is avascular tissue which plays an important role in 

degenerative disc disease. We show that degenerative lesions occur in cartilage endplate of apoE KO 

mice: the disordered chondrocyte arrangement combined with cartilage matrix destruction and ectopic 

bone formation in cartilage endplate. Abnormally activated TGF-β pathway could cause cartilage 

degeneration, we found TGF-β pathway were aberrant activated in cartilage endplate due to apoE gene 

knockout which causes endplate cartilage degeneration. Thus, knock out the apoE led to TGF-β pathway 

abnormally activated induced degeneration of articular cartilage, further hindering the transmission of 

nutrients to the disc, leading to disc degenerative disease. 
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Mesenchymal stem cells (MSCs) are multipotent stem cells and are able to differentiate into osteoblasts, 

chondrocytes, adipose cells or myocytes. The properties of extracellular matrix such as stiffness and 

topography play important roles in the differentiation of MSCs. But the relation between the viability and 

differentiation of individual MSCs on a confined adhesive region is still unclear. In the present study, the 

effect of spreading area or shape of individual MSCs on the differentiation of MSCs was investigated. By 

using a micropatterning technology, the adhesive patterns with the circularity of 0.2 or 1 and the areas of 

314, 628, 1256 or 2512 μm2 were constructed, respectively. The expression of osteogenic differentiation 

marker alkaline phosphatase (ALP) and the level of apoptosis of individual MSCs were measured using a 

double fluorescent staining technique. The results indicated that individual MSCs confined in the smaller 

area tended to be in apoptosis, while those with larger area might enter into osteogenesis. The branched 

shape increased the viability of MSCs but reduced their pluripotency compared with the circular shape. 

The transcriptional coactivators YAP and TAZ are responsible of mediating the control of physical 

stimuli on the growth and differentiation of mesenchymal stem cells [4]. Our measurement indicated that 

YAP was predominantly located in the cytoplasm of the cells with the lager area and branched shape. It 

was further demonstrated that cytoskeleton tension regulated this size- or shape-dependent phenomenon. 

The present study suggested that spreading area and shape of individual MSCs regulate their viability and 

osteogenesis through YAP/TAZ pathway and cytoskeleton organization. 

 

Figure. Apoptosis and osteogenesis of individual MSCs with confined spreading area and shape after 3 

days culture. (a) Relative fluorescent intensity of apoptosis. (b) Fluorescence intensity of ALP. &, p<0.05. 

*, p<0.01. 
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Tissue homeostasis and injury repair depend on the correct regulation of stem cell self-renewal and 

differentiation. The mouse incisor is an ideal system to study these processes as it maintains a group of 

dental epithelial stem cells that continuously give rise to enamel-secreting ameloblasts. The key factors of 

Hippo pathway, Yes associated protein (YAP) and Transcriptional co-activator with PDZ-binding motif 

(TAZ) (YAP/TAZ) has been shown recently to be involved in the regulation of cellular self-renewal, 

proliferation and differentiation during organgenesis. However, what mechanism of YAP/TAZ control 

dental epithelial stem cells remains incompletely understood. Here we show that nuclear YAP is 

associated with proliferating transit-amplifying cells prior to their differentiation. Conditional deletion of 

YAP and its homolog TAZ shows that they have overlapping functions in promoting cell proliferation 

and survival, and inhibiting differentiation. Meanwhile, the defect was observed in labial cervical loop of 

Yap/Taz deficient mice, some of which may not be able to form the labial cervical loop. Thus the 

presence of YAP/TAZ is essential for maintenance of homeostasis in mouse incisor stem cell niche. 

Transcriptionally, YAP/TAZ regulate the expression of Profilin2, which is tightly connected with actin 

skeleton tension. In the absence of YAP/TAZ, Profilin2 activity is diminished. Surprisingly, actomyosin 

tension negatively regulates nuclear YAP accumulation in the dental epithelial stem cells. Other 

experiments are currently underway to further investigate how tissue tension and actin dynamics signaling 

may influence dental epithelial stem cells through YAP/TAZ activity, as well as how nuclear YAP/TAZ 

medicate actin dynamics of dental epithelial stem cells. 

 

 

 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

276 
 

FABRICATION OF STRONTIUM EUCOMMIA ULMOIDES POLYSACCHARIDES 
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Bone defects due to accidences or osteoporosis due to aging has been the most common cases needed to 

be handled in the clinical treatment of orthopedics. The bone tissue engineering was proven to be a 

promising strategy for bone regeneration. The inflammation, osteogenesis factors are known to play an 

essential role in bone formation. The studies in the past decade suggested that, macrophage, which 

responses for the osteoimmune also play a rather critical role in regulating the bone metabolism and 

formation. However, due to the lack of suitable chemicals for adjusting the osteoimmunity, its 

implementation in bone tissue engineering was limited.  

Eucommia ulmoides polysaccharide (EUP) is extracted from Eucommia ulmoides, a traditional Chinese 

herb that proven to have beneficial effects on bone. Recent studies revealed that EUP is an antioxidant 

and can regulate the immune function of macrophage. Strontium (Sr) is known to have anti-inflammation 

effects and can adjust the bone metabolism effectively. We, therefore, combine EUP and Sr to chemically 

synthesize a new metal- polysaccharide, EUG-Sr, which should be not only able to regulate the 

osteoimmunity but also have other beneficial effects on bone. 

The as-fabricated EUP-Sr was characterized by SEM, FTIR, UV-Vis to get a better understanding of its 

material characteristics. The macrophages (RAW264.7 cells) treated with different concentration of EUP-

Sr were analyzed using CCK8 assay and RT-QPCR. The experimental results suggested that EUP-Sr can 

lead to the increase of cell proliferation significantly at specific concentrations, as compared with the 

blank control. Moreover, the EUP-Sr can significantly inhibit osteoclast related gene expression and 

inflammation gene expression, furthermore, it up-regulates the expression of osteogenic factors of 

RAW264.7 cells. Therefore, the EUP-Sr we fabricated in this study should be a promising new chemical 

to be employed in bone tissue engineering, to create a positive pro-regenerative environment for new 

bone formation. 
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Postmenopausal osteoporosis (OP) is a worldwide disease disturbing millions of women. As the most 

common complication of OP, osteoporotic fracture (OPF) frequently occurs after a minor hurt. Oxidative 

stress injury brought by OPF could induce premature senescence and reduce osteogenic capability of 

bone marrow mesenchymal stem cells (BMMSCs) derived from patients, which causes the hard healing 

of OPF. The objective of this study was to investigate whether melatonin could reverse oxidative stress-

induced premature senescence and rescue the impaired osteogenic potential of BMMSCs. Sham operation 

and ovariectomy were performed in 8-weeks old female rats, after 3 months, BMMSCs were isolated 

from normal and osteoporotic rats. In vitro we found 100uM hydrogen peroxide (H2O2) exposure induced 

premature senescence of OP BMMSCs, while it only had little effect on normal BMMSCs. Treatment 

with melatonin subsequent to H2O2 exposure successfully reversed the senescent phenotypes of OP 

BMMSCs in a dose-dependent manner. This result was evidenced by improved cell proliferation, 

decreased senescence-associated β-galactosidase activity, reduced cells of G0/G1 phase and improved 

entry of proliferating cells into the S phase. Moreover, treatment with 100uM melatonin restored the 

osteogenic potential of OP-BMMSCs which was inhibited by H2O2-induced premature senescence. We 

also found that melatonin decreased expression of the senescence-associated protein p21, p53, and 

increased silent information regulator type 1 (SIRT1). Further molecular experiment revealed that sirtinol, 

a SIRT1 inhibitor, counteracted the protective effects of melatonin, suggesting that melatonin reversed the 

premature senescence of BMMSCs through the SIRT1-dependent pathway. In vivo injection of melatonin 

via tail vein successfully prevented OP-impaired bone microarchitecture in rat femurs. In addition, 

BMMSCs derived from melatonin-treated rats exerted a well preserved antisenescence and osteogenic 

differentiation capacities. Our findings demonstrate that administration of melatonin is a promising 

strategy for reversing oxidative stress-induced premature senescence in BMMSCs of OPF patients and 

accelerating their bone healing. 
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THE CLINIC OBSERVATION OF XIANLINGGUBAO CAPSULE AND CALCIUM 

CARBONATE D3 JOINT SALMON CALCITONION ON TREATING THE 

OSTEOPOROTIC FRACTURES 
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Purpose: To observe the effect of medicine osteooporotic fractures1 To evaluate the curative effect of 

Xianlinggubao capsule and calcium carbonate D3 joint salmon calcitonion on treating the osteoporotic 

fractures.  

Methods 60 patients with intertrochanteric osteoporotic fractures，who have taken treatment in our 

hospital from 2015 to 2018，were randomly divided into observation group and the control group with 

written the bone mineral density (BMD) and the pain score before and after treatment ,and 30 cases in 

each group．The control group only used the locked plate fixation．while the observation group joint 

Xianlinggubao capsule, calcium carbonate D3 and salmon calcitonion on the basis of that Observe and 

compare the X—ray performance of 1，2，3 months after treatment of two groups, and the lateral 

femoral BMD of the diseased side after six month and the clinieal curative effect.  

Result The callus formation number of the observation group was more than that of the control group,and 

its callus formation time was shorter than that of the control group After treatment 2, 3 months.; 6 months 

after treatment, the lateral femoral BMD value of the diseased side after six months was higher than that 

of pre-treatment（P<0.05）and the control group after treatment.their pain score before treatment by the 

reduced to after treatment.Curative effect was better in observation group than in control group. 

（P<0.05） 

Conclusion Xianlinggubao capsule calcium carbonate D3 joint salmon calcitonion be used to treat the 

osteoporosis fracture postoperative patients, which can improve BMD reduce the loss of bone density, 

relieve pain and decrease the fracture healing time. 
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SHP2AggCTR/ER;
Rosa26ZsG

SHP2AggKO/ER;
Rosa26ZsG Fig. SHP2 deficiency promotes articular 

cartilage regeneration and anti-degeneration. A. 
Immunostaining and RNAscope in situ 
hybridization images showed increased 
abundance of SOX9, Col2a1 and Acan in 
articular cartilage chondrocytes of 6 weeks old 
SHP2AggKO/ER mice, compared to controls. B. 
HE and SO staining of knee joints showed 
mitigated DMM-evoked articular cartilage 
degeneration in SHP2AggKO/ER mice, 
compared to SHP2AggCTR/ER controls. C. 
Pharmacological inhibition of SHP2 on Acan+ 
chondrocytes was observed promoting 
chondrogenic genes expression by qRT-PCR.  

PTPN11 DELETION DELAYS ARTICULAR CARTILAGE DEGENERATION AS 

REVEALED BY A MURINE MODEL OF OSTEOARTHRITIS  

Lijun Wang1,2, Jiahui Huang1, Huiliang Yang2,1, Jiayu Wei1, Douglas C. Moore1, Wentian Yang1 

1. Dept. of Orthopaedics, Brown University, USA; 2. Dept. of Orthopaedics, West China Hospital, PRC. 

2.  

Introduction: Osteoarthritis (OA) is a devastating joint disease to which no effective treatment is 

currently available. Understanding the mechanism(s) by which the development and homeostasis of 

articular cartilage are regulated will be instrumental to the invention of novel medication to mitigate OA. 

SHP2, encoded by Ptpn11, is a ubiquitously expressed protein tyrosine phosphatase. Previous studies 

showed that SHP2 negatively regulates the chondrogenic differentiation of osteochondroprogenitors 

(OCP)1’2; we therefore reasoned whether SHP2 genetic deletion and pharmacological inhibition 

prevented articular cartilage from osteoarthritic degeneration. By using a genetic loss-of-function 

approach in combination with the surgical destabilization of the medial meniscus (DMM) in mice, we 

report here that SHP2 deficiency in chondrocytes prevent the early onset of OA and pharmacological 

inhibition of SHP2 promotes and sustains chondrocytic gene expression.  

Methods and Material: Control and cartilage-specific SHP2 deficient mice were generated by crossing 

mice bearing Ptpn11 floxed allele to Tg(Agg-CreER) mice. In some experiments, Tg(Rosa26ZsG) allele 

served as a reporter (green) for in vivo cell lineage tracing. DMM surgery was conducted on the right 

knee joints to induce OA; the left knee joints served as sham controls. Abundance of normal and 

osteoarthritic marker gene expression was visualized by immunostaining and RNAscope-based in situ 

hybridization. Acan+ chondrocyte cell lines were established by SV40 TAg immortalization. qRT-PCR 

was used to determine the transcript abundance of chondrogenic genes in vitro. 

Results and Discussion: We first examined the effect of SHP2 deletion on the overall development of 

growth plate and articular cartilage. Control and SHP2 mutant mice were administered 3 doses of 

tamoxifen during the postnatal week 2 and sacrificed 4 weeks later. Histological studies of the knee joints 

revealed an increase in cellularity of both articular and growth plate cartilage in AggCreER;Ptpn11fl/fl 

mice, compared to AggCreER;Ptpn11fll+controls, which were associated with an increase of SOX9, 

Col2α1 and Acan abundance(Fig.A). To investigate the role of SHP2 in OA initiation and progression, 

AggCreER;Ptpn11fll+ and AggCreER;Ptpn11fl/fl mice were administered 3 doses of TM during week 8 and 

subjected to DMM (right) and sham (left) surgery at week 10. All mice were sacrificed at 20 weeks old to 

collect knee joints for analysis.  HE and SO staining of tibia revealed a severe articular cartilage 

degeneration in AggCreER;Ptpn11fll+ mice, which was observed mitigated and appeared mild in 

AggCreER;Ptpn11fl/fl mice(Fig. B). These findings were further supported by the increase of articular 

cartilage thickness and the abundance of Col2 1 and Acan transcripts in AggCreER;Ptpn11fl/fl mice, 

compared to AggCreER;Ptpn11fll+ controls. Furthermore, our in vitro study showed that the 

pharmacological inhibition of SHP2 on Acan+ chondrocytes promote the chondrogenic genes expression 

(Sox9, Col2a1, Acan)(Fig.C). Collectively, our data support that SHP2 deficiency in articular cartilage 

increased its cellularity and 

chondrocytic gene expression and 

reduced the DMM-evoked articular 

cartilage degeneration. 

1. Zuo, C. et al. Bone Res 6, 12.             

2. Wang, L. et al. Sci Rep 7, 12699.  
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PFKL REGULATES CHONDROCYTE GLUCOSE METABOLISM DURING 

ENGINEERED CHONDROGENESIS UNDER HYPOXIA 

 

K Zhao1,2, F Zhang1,2, WP Tsang1,2, WY Chan1,2, C Wan1,2 

1 Key Laboratory of Regenerative Medicine, Ministry of Education, School of Biomedical Sciences, 

Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong SAR, China; 2 School of 

Biomedical Sciences Core Laboratory, Institute of Stem Cell, Genomics and Translational Research, 

Shenzhen Research Institute, The Chinese University of Hong Kong, Shenzhen 518057, China. 

Correspondence email: cwan@cuhk.edu.hk 

 

Being a highly organized avascular connective tissue, articular cartilage has very limited capacity for self-

repair following injury or degeneration. Cartilage tissue engineering is considered as a promising 

approach for promoting articular cartilage repair. Chondrocytes are readily located in a hypoxic 

microenvironment during cartilage development or repair. Hypoxia inducible factor-1α (HIF-1α) is 

identified as a key mediator for cellular adaptation to hypoxia during chondrogenesis. However, the 

molecular mechanisms of hypoxia regulation on the coordination of chondrocyte differentiation and 

energy metabolism during cartilage tissue engineering remain unclear. Here, we examined the effects of 

hypoxia (2% O2) on chondrogenesis in an engineered three dimensional (3D) culture system. Hypoxia 

was shown to increase cartilaginous matrix synthesis and upregulate the expression of chondrogenic 

marker genes and proteins in the micromass and 3D complex cultures. This was accompanied by 

increased glucose uptake and intracellular lactate production by chondrocytes. Supper array analysis 

revealed the alterations of gene profiles associated with glucose metabolism. Phosphofructokinase, liver 

(PFKL) was shown to be significantly up-regulated under hypoxia than that under normoxia. Chromatin 

immunoprecipitation assay identified the putative binding site of HIF-1α on the promoter region of PFKL. 

Deletion of HIF-1α in chondrocytes downregulated PFKL expression. Interestingly, siRNA-mediated 

PFKL knockdown inhibited chondrocyte maturation and decreased glucose uptake of chondrocytes under 

hypoxia, suggesting the pivotal role of PFKL in chondrocyte differentiation and glucose metabolism. In a 

mouse osteochondral defect model, transplantation of engineered cartilage tissue under hypoxia enhanced 

articular cartilage repair indicated by increased chondrogenic differentiation, cartilaginous matrix 

synthesis and inhibited cartilage hypertrophy compared with that under normoxia. Our data suggest that 

hypoxia enhances engineered chondrogenesis through coordinating chondrogenic differentiation and 

glucose metabolism at least partially mediated by the HIF-1α/PFKL pathway. 
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C-JUN MEDIATES IL-1β REGULATION OF TIMP-4/MMP-2 EXPRESSION IN 

ARTICULAR CHONDROCYTES OF OA JOINT 
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The tissue inhibitor of metalloproteinase-4 (TIMP-4) is a member of TIMP family and a potent inhibitor 

of several matrix metalloproteinases (MMPs) including MMP-2 expressed in normal and/or osteoarthritis 

(OA) articular cartilage. The roles of TIMP-4 in the pathogenesis of OA remain unknown. This study 

aims to determine the mechanisms of regulation of TIMP-4 expression in OA articular chondrocytes. 

Protein expression of TIMP-4, MMP-2 and c-Jun in OA and non-OA articular cartilage was compared by 

immunohistochemistry. The transcriptional control of TIMP-4 by c-Jun was identified by chromatin 

immunoprecipitation (ChIP) assay and confirmed using the TIMP-4-promoter luciferase reporter system. 

The responses of TIMP-4 and MMP-2 expression to IL-1β treatment were examined in the non-OA 

articular chondrocytes with or without siRNA-mediated knockdown of c-Jun. We found that the protein 

expression of TIMP-4, MMP-2 and c-Jun was simultaneously upregulated in OA articular cartilage. The 

mRNA and protein levels of the above genes in articular chondrocytes of none-OA patients were elevated 

following treatment with IL-1β. We demonstrated that c-Jun transcriptionally controlled the expression of 

TIMP-4 through its putative binding site in its promoter region. siRNA mediated knockdown of c-Jun in 

chondrocytes eliminated the effect of IL-1β on TIMP-4 expression. c-Jun knockdown significantly 

decreased the ratio of TIMP4 to MMP2 mRNA expression in chondrocytes, which was accompanied by 

downregulation of aggrecan expression and upregulation of hypertrophic chondrocyte markers MMP-13 

and Col10α1. Our results suggest that c-Jun functions as an important mediator of IL-1β regulation on 

TIMP-4 and MMP-2 expression in articular chondrocytes. The c-Jun/TIMP-4 axis may serve as a 

potential target for prevention or treatment of articular cartilage degeneration. 
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THE PARATHYROID HORMONE AMELIORATES AGE-RELATED TMJOA BY 

DELAYING CELLULAR SENESCENCE 

C Cui1, Y Fan1, L Zheng1, X Zhou1  

1State Key Laboratory of Oral Diseases & National Clinical Research Center for Oral Diseases, West 

China Hospital of Stomatology, Sichuan University, China  

 

Objective: Temporomandibular joint osteoarthrosis (TMJOA) is a degenerative disease characterized by a 

losing of articular cartilage and changes subchondral bone. Ageing could be a contributing factor to the 

progression of TMJOA, whereas the effects of ageing on TMJOA pathogenesis and potential therapeutic 

strategy for age-related TMJOA has not been comprehensively investigated. 

Method: We generated ageing mouse models (45-week, 60-week, n=10, 12-week-old mice were used as 

control) and intermittently injected parathyroid hormone (PTH(1-34)) or saline for 4-week. Cartilage and 

subchondral bone of TMJ was analyzed by μCT, histological and immunohistochemical staining. qRT-

PCR, Western blot and immunofluorescent staining were utilized to exam the mechanism of PTH’s 

function on orofacial bone marrow mesenchymal stem cells (OMSCs) in vitro. 

Result: The fibrocartilage layer became thinner in 45-week and 60-week mice, and osteoarthritis scores 

(OARSI and Mankin score) increased with ageing. An abnormally enhancement of type X collagen and 

matrix metalloproteinase 13 expression were detected in cartilage. Whilst, changes of Osterix-positive 

cells and TRAP-positive cells number indicated ageing caused decreased osteoblast number and increased 

osteoclast number in subchondral bone region of TMJ. Interestingly, PTH administration significantly 

increased osteoblast number in subchondral bone, where showed upregulated trabecular bone volume and 

number. The expression of p16ink4a, a senescence biomarker, also decreased in PTH group. In vitro, PTH 

treatment induced osteogenic differentiation of OMSCs both in young and ageing mice, with a decline in 

ageing OMSCs. In addition, the expression of p16ink4a was decreased after PTH treatment. 

Conclusion: Ageing is a critical factor in the progression of TMJOA. Changes of the osteoblasts and 

osteoclasts number in the subchondral bone layer effect bone remodeling in age-related TMJOA. Notably, 

intermittent PTH injection may active bone remodeling process in subchondral bone and decrease 

expression of p16ink4a, suggesting PTH administration could be a potential preventative and therapeutic 

treatment for age-related TMJOA. 
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SARA REGULATES BONE REMODELING IN APICAL PERIODONTITIS 
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Key words：SARA；Apical periodontitis；Bone remodeling；TGF-β signaling pathway 

Apical periodontitis is an acute or chronic inflammatory disease of the periradicular tissue which can 

destroy the alveolar bone surrounding the tooth root apex. To date, bone marrow stem cells have been 

isolated and characterized from periapical area. Meanwhile, they have multilineage differentiation 

potential and can migrate and differentiate into osteoblast-like cells under specific condition which could 

contribute to the bone healing of periapical lesion. Aim of this study is to investigate the clinical 

significance of SARA expression in periapical periodontitis. 

In former study, we tried to investigate the miRNAs expression profile in periradicular lesions. Found out 

that the miR-17~92 clusters may play an important role in causing bone leision of periapical disease. 

Futhermore, we find SARA which is a protein of TGF-β signaling pathway may participate in bone 

remodeling of apical periodontitis. 

In present study the bone loss was observed in periapical area by HE staining and Masson’s trichrome 

staining in the apical periodontitis model of rat first molar. The expression levels of SARA and 

pSMAD2/3 were increased evaluated by immunohistochemical staining. Pathway analysis was performed 

to predict genes related to the bone remodeling under the influence of miR-17~92 clusters. Dual-

luciferase reporter assay confirmed that miR-17-5p, the presentative miRNA of miR-17~92 clusters, 

bound to the 3’UTRs of SARA. Then miR-17-5p mimic, inhibitor, and their negative control were added 

in cultured rat BMSCs with addition of recombinant TNF-α. Western blot analyses results showed SARA 

and the phosphorylation level of the SMAD2/3 were down-regulated by miR-17-5p. Also, we found miR-

17-5p promoted osteogenesis differentiation of BMSCs by ALP staining, alizarin red staining and qRT-

PCR. Replaced the miRNA mimic with lentivirus SARA-shRNA and conducted the same procedures as 

above. The results implied that down-regulating SARA could also promote osteogenesis differentiation of 

BMSCs similarly. 

Conclusion: These results demonstrate that SARA is the direct targets of miR-17~92 clusters in TGF-β 

signaling pathway. The expression level of SARA is increased in bone leision of periapical disease. And 

SARA can regulate the process of osteogenesis differentiation of BMSCs by modulating TGF-β signaling 

pathway. 
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THE PROTECTIVE EFFECTS OF HYPEROSIDE IN OSTEOARTHRITIS: AN IN 

VITRO AND IN VIVO STUDY. 
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Guo1, Tao Xu3 
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and Technology, Wuhan 430030, China. 

 

Key words: osteoarthritis, chondrocyte, Hyperoside, inflammation 

Osteoarthritis (OA) is a degenerate joint disease and its development is associated with inflammatory 

responses and apoptosis of chondrocytes. Hyperoside (Hyp), a naturally occuring flavonoid compound, 

exerts multiple bioactivities in various diseases. In the present study, we investigated the protective 

effects of Hyp in the progression of OA and delineated the potential mechanism in cellular level. 

Compared with controls, Hyperoside inhibited the expression of inducible nitric oxide synthase (iNOS) 

and cyclooxygenase-2 (COX-2). Additionally, Hyp attenuated IL-1β-induced destruction of extracellular 

matrix (ECM) by reducing catabolic enzymes including ADAMTS5 and MMPs and increasing the 

anabolic factors such as SOX-9, Collagen II and Aggrecan. Mechanistically, Hyp exerted anti-

inflammatory effects by partly suppressing PI3K/AKT/ NF-κB signaling pathway and MAPK pathway, 

enhancing Nrf2/HO-1 pathway to inhibit activation of NF-κB. The protective effects of Hyp were also 

observed in vivo which delayed the progression of mice OA models. In conclusion, our study 

demonstrated that Hyp protected mice chondrocytes against IL-1β-induced inflammation and delayed 

articular cartilage degeneration, indicating that Hyp might serve as a promising therapeutic drug for the 

treatment of OA.  

Osteoarthritis (OA) is a degenerate joint disease and its development is associated with inflammatory 

responses and apoptosis of chondrocytes. Hyperoside (Hyp), a natural flavonoid compound, exerts 

multiple bioactivities in various diseases. In the present study, we investigated the protective effects of 

Hyp in the progression of OA and delineated the potential mechanism in cellular level. Compared with 

controls, Hyperoside inhibited the expression of iNOS and COX2. Additionally, Hyp attenuated IL-1β-

induced destruction of extracellular matrix (ECM) by reducing catabolic enzymes including ADAMTS5 

and MMPs and increasing the anabolic factors such as SOX-9, Collagen II and Aggrecan. 

Mechanistically, Hyp exerted anti-inflammatory effects by partly suppressing PI3K/AKT/ NF-κB 

signaling pathway and MAPK pathway, enhancing Nrf2/HO-1 pathway to inhibit activation of NF-κB. 

The protective effects of Hyp were also observed in vivo which delayed the progression of mice OA 

models. that Hyp might serve as a promising therapeutic drug for the treatment of OA 

In conclusion, our study demonstrated that Hyp protected mice chondrocytes against IL-1β-induced 

inflammation and delayed articular cartilage degeneration, indicating that Hyp might serve as a promising 

therapeutic drug for the treatment of OA.  
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SANDWICH ISOLATION SURGERY PREVENTS LOCAL RECURRENCE IN 

PROGRESSIVE DESMOID TUMORS: A OBSERVATIONAL STUDY 

Junqiang Yin1, Yiwei Fu1, Changye Zou1, Gang Huang1, Jingnan Shen1 

1 the First Affiliated Hospital of Sun Yat-Sen University, Guangzhou  

 

Introduction: Desmoid tumors are highly recurrent especially when involving nerves and blood vessels. 

Isolating desmoid tumors from normal tissues with artificial barriers may deprive desmoid tumors of 

nutrients. The aim of this observational study was to assess the efficacy of a new surgery technique, 

named as sandwich isolation surgery, on preventing the local recurrence of progressive desmoid tumors. 

Methods: Patients with progressive desmoid tumor involving adjacent nerves and blood vessels and 

received sandwich isolation surgery were eligible for enrolment. Sandwich isolation surgery refers to 

using a biomaterial un-absorbable patch to envelop involved neurovascular bundles after marginal or 

intralesional excision of desmoid tumors, isolating residual tumor or tumor bed from normal tissue, and 

forming a “normal tissue- biomaterial patch -tumor/tumor bed- neurovascular sheath” sandwich structure. 

Results: Nine patients were included in the study. Among them, six had recurrent tumors and received at 

least once resection surgery before sandwich isolation surgery. These patients were followed up for 16.7-

56.7 months (median: 31.6 months). After the sandwich isolation surgeries, no local recurrence was 

observed in eight of them. As for the rest one with local recurrence 11.5 month after excision, magnetic 

resonance images demonstrated that recurrent tumor was located only in the region where neurovascular 

bundles were not isolated. No adverse event associated with the enclosed neurovascular bundles was 

observed in all patients. 

Conclusions: Sandwich isolation surgery was a new and low-cost technique to prevent the local 

recurrence of desmoid tumors, even if residual tumors remain around neurovascular bundles, which 

avoided functional impairment caused by repeated operations. 
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THE WHOLE MAP OF GENE EXPRESSION IN THE ARTICULAR DEVELOPMENT 

AND OSTEOARTHRITIS PROGRESSION 

Zhiyu Zhou1  Jinyi Gan2  Manman Gao3  Guangqian Zhou2 

1 the Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, China 
2 medical school, Shenzhen University, Shenzhen, China 
3The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China 

 

Osteoarthritis is the most common form of arthritis. The predicted prevalence of knee OA by 2020 is 

about 6% of the general population. Plenty of factors have been reported to be related with the occurrence 

and development of osteoarthritis. However, the overall spatiotemporal change of the cells and genes is 

still mysterious. With development of the single cell sequence combining the progressing of the 

mathematical statistics, it is possible to uncover the full view. To achieve this goal, a total number of more 

than 40000 cartilage cells were collected from 8 and 32-week-old of C57BL6/J, MRL/ Ipr, STR/ort mice 

and the transcriptome genes were tested based on the single cell sequence technique. After comprehensive 

analyzing, we found distinct cell lines at different ages. With the help of GO analyzing and KEGG 

analyzing, specific genes such as Serpina3, Serpina3n, Sparcl1, Col10a1, C4b and Pcolce2 were verified, 

which might play vital roles in the articular development or osteoarthritis progression. And based on gene 

expression pattern, the subtype cell clusters were also defined. Our study provided a whole map of cells 

and genes of articular cartilage development and osteoarthritis progression. And the future study will 

further verify the roles of the subtype cell clusters and specific genes in articular cartilage development 

and osteoarthritis progression. 
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SURGICAL CLASSIFICATION FOR ROBOT-ASSISTED SACRAL TUMOR 

RESECTION 

Junqiang Yin1, Hui Wu1, Gang Huang1, Yulong He1, Jingnan Shen1 

1 the First Affiliated Hospital of Sun Yat-Sen University, Guangzhou  

 

Introduction: We put forward a new surgical classification system for robot-assisted sacral tumor 

resection, aiming to examine the relationship between the classification system and the outcomes of ten 

patients with benign sacral tumors treated with a robotic surgical system at a single center. 

Methods: All patients with benign sacral tumors who underwent transperitoneal resection using the da 

Vinci Si HD robotic surgical system (Intuitive Surgical Inc.) between June 2015 and October 2018 were 

included in this retrospective study. The anatomical relationship between tumors and the sacrum can be 

classified into four types. Type I: Presacral neoplasms. Type II: Presacral neoplasms involving the sacrum 

(narrow basal). Type III: Presacral neoplasms involving the sacrum (broad basal). Type IV: Multi-

segmental/massive neoplasms. 

Results: Eight female and two male patients were included in this study. Seven type I patients underwent 

complete tumor resection by the da Vinci robotic surgical system. One type II patient underwent complete 

excision assisted by orthopedic tools. One type III and one type IV patients underwent excision of the 

presacral tumor via posterior approach by the da Vinci robotic surgical system. The histological diagnosis 

comprised schwannoma of the sacral nerve (8 cases) and chordoma of the sacrum (1 case) and solitary 

fibroma (1 case). No intraoperative or postoperative complications were encountered. 

Conclusion: This new surgical classification system based on minimally invasive system was beneficial 

to guiding treatment. Robot-assisted minimally invasive sacral surgery was suitable for type 1, type 2 and 

part of type 3 patients. Some patients of type 3 and 4 can use da Vinci Si HD robotic surgical system as 

adjuvant therapy. 
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PLGA/Β-TCP COMPOSITE SCAFFOLD INCORPORATING CUCURBITACIN B 

PROMOTES BONE REGENERATION BY ANGIOGENESIS IN A RAT CRANIAL 

DEFECT MODEL 
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Huang1, Limin Zhou2, Qingqiang Zeng1, Peng Zhang1*, Xinluan Wang1* 
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2 Guangdong Key laboratory for Research and Development of Natural Drugs, Department of 
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* corresponding author；# These authors contributed equally to this work 

 

Composite bone fillers have emerged as an alternative to conventional single component filler for 

repairing skeletal defects. Angiogenesis and osteogenesis are the most important components in bone 

regeneration. In this study, a porous scaffold based on PLGA/β-TCP incorporated with cucurbitacin B 

(CuB, an phytomolecule that could stimulate angiogenesis at low concentration) was fabricated by low-

temperature 3D printing technology for bone regeneration. A rat cranial bone defect model was used to 

evaluate whether the scaffold filler could accelerate bone regeneration in bone defects. Osteoinductive 

property of CuB/ PLGA/β-TCP and PLGA/β-TCP scaffolds were tested by alizarin red staining of mouse 

mesenchymal stem cell line (C3H10) co-culture with the scaffolds for 15 days. Animal study: Two 

cranial bone defects with a diameter of 5 mm were surgically created on the cranium of rats. PLGA/β-

TCP scaffolds in the presence and absence of CuB were placed into the defects for 8 weeks’ treatment. 

Contrast-enhanced MRI imaging was used to evaluate angiogenesis in vivo in the cranial bone defect at 

the 2th 3th, 5th and 7th week post surgery. Micro-computed tomography (CT) analysis, CT-based 

angiography, immunohistochemistry and histology were performed 8 weeks post surgery. Alizarin red 

staining image data demonstrated CuB/PLGA/β-TCP composite scaffold significantly increased mineral 

apposition in the scaffold. MRI imaging revealed that blood flow signal significantly increased in 

CuB/PLGA/β-TCP composite scaffold from the 2th week to the 7th week post surgery compared to control 

and PLGA/β-TCP scaffold in rat cranial defect. CT-based angiography also confirmed that CuB/PLGA/β-

TCP composite scaffold promoted angiogenesis with significantly increased vessel volume and density in 

cranial bone defect. Bone mineral density significantly increased in CuB/PLGA/β-TCP composite treated 

cranial defect compared to blank control and PLGA/β-TCP scaffold. However, Micro CT data 

demonstrated that CuB/PLGA/β-TCP composite scaffold significantly increased bone volume/tissue 

volume rate in cranial defect compared to blank control but with slightly increased compared to PLGA/β-

TCP scaffold. VEGFR, FGFR and endomucin expression further confirmed that CuB/PLGA/β-TCP 

scaffold significantly promoted angiogenesis in cranial defect by immunohistochemistry analysis. 

In summary, our results suggested that CuB/PLGA/β-TCP composite scaffold could enhance bone 

regeneration through the promotion of angiogenesis. 
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ROLE OF IL36Α IN OSTEOARTHRITIS AND PAIN 

T. Li1,2, F. Fang1,2, X. Jin1,3, A. Esposito1,2, M. Cruz1,2, S. Chubinskaya1, A. Hakimiyan1, A. Spagnoli1,2* 

1Department of Pediatrics, Rush University Medical Center, Chicago, IL 60612, USA; 2Department of 

Pediatrics, University of Nebraska Medical Center, Children’s Hospital & Medical Center, Omaha, NE 

68198-5945, USA; 3Department of Orthopaedics, Union Hospital, Tongji Medical College, Huazhong 

University of Science and Technology, Wuhan, 430022, China 

Mechanisms that govern the shift from joint homeostasis to osteoarthritis (OA) remain unknown. TGFβ 

signaling and proinflammatory cytokines play essential roles in the pathophysiology of OA. In a mouse 

animal model, we have reported that IL36α is involved in postnatal ablation of the TGF-ß-type-2 receptor 

induced OA progression. This study aimed to determine the role of IL36α in joint homeostasis and OA 

progression. 

 

We first used primary murine and human chondrocyte to investigate the role of IL36α in chondrocyte 

differentiation/maturation and homeostasis. Then we tested if hyperactivation of IL36α signaling via 

Intra-articular (IA) injection of IL36α can induces OA-like phenotype and pain in wild type C57BLK6 

mice. Lastly we used a murine model of post-traumatic OA induced by transecting the medial 

meniscotibial ligament (DMM) to check if IL36α is also involved in PTOA progression and associated 

pain.  

 

We found that IL36α treatment enhances mice chondrocyte (isolated from E15.5 long bone) proliferation, 

hypotrophy and maturation via up-regulating Cyclin D1, Collagen 10, Runx2 and Mmp13. While IL36α 

regulate human primary healthy chondrocyte homeostasis via upregulating catabolicfactor such as 

Mmp13, Mmp3 and Adamts4 but down-regulating anabolic factors like Sox9, Collagen 2 and Aggrecan. 

IA injection of IL36α caused an increase of Collagen 10 and Mmp13 expression in articular cartilage at 1 

month and OA-like phenotype at 3 months and 6 months evidenced by the loss of Safranin O staining in 

articular cartilage. In addition, upregulated expression of TrkA, CRGP and NAV1.7 in both mRNA and 

protein level was found in the DRG. These results correlated with a weight-bearing asymmetry in mice 

knees that was increased at 3 weeks and remained at 1, 3 and 6 months; as well as reduced paw 

withdrawal thresholds in IL36α-injected mice compared to PBS-injected animals at different time points. 

In the experiments of PTOA model, IA injection of IL36Ra halts OA progression indicated with 

decreased articular cartilage destruction and subchondral bone sclerosis, whereas, injection of IL36α 

exacerbates DMM surgery induced PTOA progression. IA injection of IL36Ra also reduce halts PTOA 

induced pain indicated with increased paw withdrawal thresholds.  

 

This study suggests a potential role for IL36α/R signaling in OA progression and OA-associated pain. 

 

Note for reviewer: This foundation work of this abstract was recently accepted by Science Translational 

Medicine. This abstract reports the newest findings of this project. We appreciate if we could get 

opportunity to give an oral presentation to report our study.  
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POLYGONUM MULTIFLORUM ALLEVIATES GLUCOCORTICOID-INDUCED 

OSTEOPOROSIS THROUGH REGULATION OF AUTOPHAGY 
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It has been known that long-term excessive administration of glucocorticoid (GC) results in osteoporosis. 

This study aimed to evaluate the protective effects of Polygonum Multiflorum (PM) on the bone tissue of 

rats with glucocorticoid-induced osteoporosis (GIO).6-month-old male SD rats (200g-220g, n=90) were 

randomly divided into nine groups: control (normal saline) group, prednisone (GC, 6 mg·kg−1·d−1, Model) 

group, GC plus PMR30 (the 30% ethanol eluent fraction of PM) (H) (400 mg·kg−1·d−1) group, GC plus 

PMR30 (M) (200 mg·kg−1·d−1) group, GC plus PMR30 (L) (100 mg·kg−1·d−1) group, GC plus PMRF (fat-

soluble fraction of PM) (H) (400 mg·kg−1·d−1) group, GC plus PMRF (M) (200 mg·kg−1·d−1) group, GC 

plus PMRF (L) (100 mg·kg−1·d−1) group, GC plus calcitriol (CAL) (0.045 μg·kg−1·d−1) (positive group). 

Rats were administered intragastrically with prednisone and/or the extracts mentioned for 120 days, and 

weighed once per week. The serum was collected for testing biochemical markers. The left tibia was used 

for bone histomorphometry analysis. The right tibia was prepared for H&E staining. The left femur was 

used to analyse protein expression of Agt5, Beclinl and LC3 by using western blotting assay. long-term 

excessive treatment of prednisone strongly inhibited bone formation rate accompanied with a decrease of 

bone mass, body weight, and the level of OCN and OPG/sRANKL in serum, and simultaneously with an 

increase in the level of TRACP-5b and CTX-1 in serum and decrease protein expression of Agt5, Beclinl 

and LC3 (p<0.05); PMRF (H, M) decreased the TRACP-5b and CTX-1 compare to the prednisone group; 

Oc.N and%Oc.PM of proximal tibial cancellous bonein PMR30 middle dose group had reduced 85% and 

82.9% (P<0.01), BFR/TV increased 132.6% (P<0.05); Oc.N and %Oc.PM of proximal tibial cancellous 

bone in PMR30 low dose group had reduced 80% and 80% (P<0.01), %L.PM, BFR/BS and BFR/TV 

increased 92.4%, 147.1% and 175.1% (P<0.05); Oc.N and%Oc.PM of proximal tibial cancellous bone in 

PMRF high dose group had reduced 50% and 60% (P<0.01), %L.PM and BFR/TV increased 91.8% and 

146% (P<0.05); Compared with model group, the Ct.Ar in the group of PMR30 low dosage and PMRF in 

high dosage (P<0.05); PMR30 (M, L) and PMRF (H, M) groups can decrease the number of adipocytes 

in GIO rats; Compared with prednisone group, the expression of Atg5 and Beclinl were increased slightly, 

and the expression of LC3 protein was decreased significantly in PMRF high dose group.PMR30 (M, L) 

and PMRF (H) dose showed a protective effect of PM on bone tissue in GIO rats. The mechanism 

underlying the preventive effect of PM for the treatment of GIO may associate with direct up-regulation 

of autophagy. 
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OSTEOCHONDRAL DEFECT MODEL WITH OSTEOARTHRITIS IN RABBIT 
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Osteoarthritis (OA) is one of the most common chronic diseases in adults, especially in elderly patients, 

characterized by cartilage degradation. Cartilage damage usually results in loss of cartilage surface and 

subchondral bone exposure, which can result in severe osteochondral defects. However, there are few 

studies on the regeneration of osteochondral defects caused by OA. The aim of this experimental study 

was to evaluate the effect of intra-articular injection of papain-induced osteoarthritis (OA) on rabbit 

osteochondral defect regeneration. Papain-induced OA was established in rabbits, which were 

subsequently divided into a non-OA group and OA group. Then, a cylindrical osteochondral defect of 3.2 

mm in diameter and 3 mm deep was made using an electrical trephine in the femoral patellar groove. 

After 16 weeks, cartilage degradation was evaluated by macroscopic International Cartilage Repair 

Society (ICRS) scores, modified O’Driscoll histologic score, and Safranin-O (Saf-O) stain. The tissue 

regenerated including osteogenic and cartilage tissue in the osteochondral defect were evaluated by 

micro-CT. The X-ray mean attenuation of cartilage was calculated. The results showed the macro ICRS 

score and modified O’Driscoll histologic score of the OA group were 8.2 and 6.4, respectively, which 

was significantly lower than that of the Non-OA group. The X-ray attenuation mean of the OA group 

increased about 27.06 %, compared with the non-OA group (from 367.11±78.96 HU to 466.45±87.08 

HU). Moreover, the sulfated glycosaminoglycan (sGAG) content of OA group was decreased about 

24.9%, compared with the non-OA group. In addition, the bone volume fraction (BV/TV) and bone 

formation rate (BFR) of non-OA group (24.6%) had a higher than that of the OA group (19.19%). 

However, the bone mineral density (BMD) of the OA group was 0.61 g/cm3, respectively, which was 

significantly higher than that of the Non-OA group. In conclusion, papain-induced OA impaired 

osteochondral regeneration with decreased sGAG levels and reduced bone formation rate (BFR) and new 

bone formation.  

Acknowledgements: This work was supported by Sino-Swiss collaborative project from Ministry of 

Science and Technology (2015DFG32200) and the Swiss National Science Foundation under the SSSTC 

program (156362). 
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SCREENING AND VALIDATION OF SERUM PROTEIN BIOMARKERS FOR EARLY 

POSTMENOPAUSAL OSTEOPOROSIS DIAGNOSIS 

Hu Ya-qian, Wang Long, Zhao Zhuo-jie, Yang Liu * 

Air force Medical University, Xi Jing Hospital, Xi’an, Shaanxi  

Objective. Postmenopausal osteoporosis is one of the most prominent worldwide public health problems 

and the morbidity is increasing with the aging population. It has been demonstrated that early diagnosis 

and intervention delay the disease progression and improve the outcome. Therefore, searching for 

biomarkers that are able to identify postmenopausal women at high risk for developing osteoporosis is an 

effective way to improve the quality of life of patients, and alleviate social and economic burdens.  

Methods. In the present study, a protein array was used to identify potential biomarkers. The bone 

mineral densities of 10 rats were dynamically measured in an ovariectomized model by micro-computed 

tomography assessment, and the early stage of osteoporosis was defined. Through the protein array-based 

screening, the expression levels of several serum protein biomarkers in ovariectomized rats were 

observed to alter at the initiation stage of the postmenopausal osteoporosis. We performed a linear 

regression analysis of these biomarkers’ concentrations and bone mineral density (BMD), and screened 

for biomarkers that significantly indicated a decrease in bone density. Furthermore, we recruited 

postmenopausal osteoporosis patients to perform linear regression analysis of these biomarkers’ 

concentrations and BMD to identify biomarkers that suggest a decrease in bone density. 

Results. CXCL1 (C-X-C motif chemokine ligand 1) and CCL2 (C-C motif chemokine ligand 2) were 

finally demonstrated to be increased in the serum of enrolled postmenopausal osteoporosis patients and 

were correlated with the severity of progressive bone loss.  

Conclusion. The serum proteins CXCL1 and CCL2 may be explored as potential early biomarkers to 

readily evaluate and diagnose postmenopausal osteoporosis in the clinic. 
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INTRAOSSEOUS ENDOTHELIUM SECRETS MFG-E8 TO REGULATE SKELETAL 

DEVELOPMENT 

B Huang1, X Y Zhou1, X C Bai1,2, Q C Li1  

1Academy of Orthopedics, Guangdong Province, Department of Orthopedics, The Third Affiliated 
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Science, Southern Medical University, Guangzhou, China. 

 

During endochondral bone formation, cartilage composed by chondrocytes is replaced by bone trabeculae 

made by osteoblasts after blood vessels invasion. Although the coupling of cartilage destruction and bone 

formation with angiogenesis is an important regulatory step for endochondral ossification, the cellular and 

molecular mechanisms are poorly understood. Here we find that endothelial cells (ECs) lining in blood 

vessels phagocytose hypertrophic chondrocytes that are dying. MFG-E8 secreted by ECs facilitates this 

phagocytosis by linking apoptotic chondrocytes to ECs. Moreover, endothelium MFG-E8 promotes 

osteoblastic bone formation and inhibits bone resorption by osteoclast in vitro and in mouse bone. Type H 

(CD31hiEMCNhi) vascular endothelium express higher level of MFG-E8, which helps explain its close 

physical proximity to the growth plate and positive role in bone formation. Mechanistically, the 

mechanistic target of rapamycin complex 1 activates MFG-E8 expression by transcriptional upregulation 

of p63 and increases binding of p63 to the MFG-E8 promoter in ECs. These findings establish 

mTORC1/p63/MFG-E8 as molecular framework coupling angiogenesis, cartilage destruction and 

osteogenesis during endochondral ossification, which may prove  
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DYNASORE SUPPRESSES CELL PROLIFERATION, MIGRATION AND INVASION 
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Osteosarcoma (OS) is the most common malignant bone tumor. The prognosis of metastatic and recurrent 

OS patients still remains unsatisfactory. Cisplatin reveals undeniable anti-tumor effect while induces 

severe side effects that threatening patients’ health. Dynasore, a cell-permeable small molecule that 

inhibits dynamin activity, has been widely studied in endocytosis and phagocytosis. However, the anti-

tumor effect of dynasore on OS has not yet been ascertained. In the present study, we suggested that 

dynasore inhibited cell proliferation, migration, invasion, and induced G0/G1 arrest of OS cells. Besides, 

dynasore repressed tumorigenesis of OS in xenograft mouse model. In addition, we demonstrated that 

dynasore improved the anti-tumor effect of cisplatin in vitro and in vivo without induced nephrotoxicity 

and hepatotoxicity. Mechanistically, dynasore repressed the expression of CCND1, CDK4, p-Rb, and 

MMP-2. Furthermore, we found that dynasore exerts anti-tumor effects in OS was partially via inhibiting 

STAT3 signaling pathway but not ERK-MAPK and PI3K-Akt pathways. P38 MAPK pathway served as a 

negative regulatory mechanism in dynasore induced anti-OS effects. Taken together, our study indicated 

that dynasore does suppress cell proliferation, migration and invasion via STAT3 signaling pathway, and 

enhances the antitumor capacity of cisplatin in OS. Our results suggest that dynasore is a novel candidate 

drug to inhibit the tumor growth of OS and enhance the anti-tumor effects of cisplatin. 
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THE BIPHASIC BIOABSORBALE SCAFFOLD PROMOTES OSTEOCHONDRAL 

REGENERATION 
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Laboratory, Department of Orthopaedics & Traumatology, The Chinese University of Hong Kong, Hong 

Kong SAR, China 

Introduction：Osteoarthritis (OA) is a degenerative joint disease that causes articular cartilage to 

degenerate and further develop osteochondral defects. However, the repair of osteochondral defects 

caused by OA remains a major challenge in orthopedic surgery. In order to repair osteochondral defects, 

it is necessary to develop a biphasic bioactive bioresorbable scaffold. 

Methods：Biphasic scaffold that consisted of poly lactic-co-glycolic acid (PLGA) with kartogenin (a 

molecule for promoting chondrogenesis, KGN) for cartilage repair and poly lactic-co-glycolic acid and 

tricalcium phosphate (P-T) with cinnamaldehyde (CIN) for subchondral bone repair, was fabricated via 

low temperature 3D printing technology. The morphology, porosity and mechanical properties of the 

biphasic scaffolds were tested respectively. BMSCs cells were used to evaluate the cell adhesion of the 

biphasic scaffold in vitro. The ability for osteochondral regeneration of the scaffolds was evaluated in a 

rabbit osteochondral defect model (3.2mm in diameter and 3 mm in depth). 

 Results：Biphasic scaffolds of PLGA/P-T were fabricated using 3D printing. Three-dimensional image 

of scaffold reconstructed by micro CT clearly showed two phases due to the different densities, and the 

clear boundary between two layers was also demonstrated in the SEM images. Micro-CT data showed 

that the porosities of PLGA and PT layer were 75 ± 3.6% and 68.9 ± 4.0%, respectively. The pore sizes of 

the macro-pores in PLGA and PT layer were 563 ± 47 µm and 485 ± 20 µm, respectively. The 

mechanical test results show that the compressive modulus and compressive strength of the PLGA layer 

are 0.85 ± 0.08 MPa and 18.22 ± 2.62 MPa, and its of the PT layer are 1.39 ± 0.15 MPa and 28.08 ± 3.73 

MPa. The cells attached and grew well in both layers. The sulfated glycosaminoglycan (sGAG) content of 

PK/PTC scaffolds group (with TCM in the scaffolds) was increased, compared with than PTP scaffolds 

(without TCM in the scaffolds) and the control group (without scaffolds). In addition, the bone volume 

fraction (BV/TV) and bone formation rate (BFR) of PK/PTC scaffolds group had a higher than that of the 

PTP scaffolds and the control group. The bone mineral density (BMD) of the PK/PTC scaffolds group 

was 0.435 g/cm3, which was significantly lower than that of the PTP scaffolds and the control group.  

Discussion and conclusion：A biomimetic osteochondral scaffold with bi-layer architecture including 

articular cartilage layer to subchondral bone layer was fabricated using a low-temperature 3D printing 

technology. Our results demonstrated that the bi-layer scaffold featured porosity and mechanical 

properties which can be used as a delivery system carrying bioactive factors to promote bone and 

cartilage regeneration. In addition, the scaffold with TCM (PK/PTC scaffold) was able to induce cartilage 

formation and subchondral bone regeneration, and the newly formed tissues could well integrate with 

native tissues. 
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PREVASCULARIZED MICROENVIRONMENT ACCELERATES ANGIOGENESIS 

AND BONE REGENERATION IN TISSUE ENGINEERED BONE 

Pengzhen Cheng1, Donglin Li1, Liu Yang*，Guoxian Pei* 

Xijing Hospital, Air Force Medical University, Xi’an 710032 

 

Aims: To explore the effect and mechanism of prevascularization on angiogenesis and bone regeneration 

of tissue engineered bone. 

Methods: 1)WT-BMSCs and β-TCP composite scaffolds were constructed and implanted into the 

femoral defect site of GFP transgenic rats. Samples were harvested at 1 week, 4 weeks and 8 weeks post 

operation. Cell source and behavior in the materials were investigated by GFP fluorescence tracing.2) 

Based on the above-mentioned visualized animal model, a pre-vascularized tissue-engineered bone was 

constructed using microsurgical techniques to observe its effects on the microenvironment of the defect 

site.3) A transwell co-culture system of RAOECs and BMSCs was established to investigate the cell 

interaction and mechanism via morphology, histological, immunofluorescence, ELISA, qRT-PCR and 

western blot both in vivo and in vitro. 

Results:1)Prevascularization increased the content of Fibriongen, which is forming a fibrin reticulate 

structure within the pores of β-TCP material, further providing a scaffold for cell attachment and 

migration.2) Prevascularization increased the contents of CTGF and Collagen III, improved the 

microenvironment of grafts by accelerating angiogenesis. 3) Prevascularization significantly increased the 

survival rate of exogenous BMSCs, and synergistically participated in the process of angiogenesis and 

bone regeneration with endogenous cells.4)Prevascularization converted lineage fate of BMSCs in tissue-

engineered bone graft to endothelial cells by modulating FGF2-RhoA/ROCK signaling. 

Conclusion: Artificial constructed a pre-vascularized microenvironment significantly promotes the 

survival interaction of endogenous/exogenous cells and bio-integration, which is of great significance for 

bone defect repair. This study further improved the theory of angiogenesis-osteogenetic coupling and 

provided new ideas for clinical transformation. 
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BONE TURNOVER MARKERS MAY PREDICT THE PROGRESSION OF 

OSTEONECROSIS OF THE FEMORAL HEAD IN AGED MALES 
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China 

 

Summary: The study aimed to find out the characteristics of bone turnover marker levels for 

nontraumatic osteonecrosis of the femoral head (ONFH) compared with the health control and the 

parameter that may be specific for early diagnosis and medication guidance. 

Introduction: Recent studies suggest that the imbalance of bone metabolism has been considered to be 

one of the major causes of ONFH[1,2]. Limited data exist on the bone turnover markers in these patients 

compared with the healthy control comprehensively. 

Methods: This cross-sectional study included a total of 196 participants aged 29-83 [51 patients were 

excluded, 70 nontraumatic ONFH (mean age 57.75+12.61; mean BMI 24.10+3.04) and 73 Healthy 

Control (mean age 54.04+11.12; mean BMI 23.67+3.64)] recruited from Health Examination Center and 

Department of Orthopedic & Traumatology, the First Affiliated Hospital of Zhejiang Chinese Medical 

University in Hangzhou. Osteocalcin(OC), t-P1NP (N-terminal procollagen type 1 extension pro-peptide), 

β-CTx (beta-isomerized type I collagen C-telopeptide breakdown products), 25-Hydroxy-cholecalciferol, 

and Parathormone (PTH) were measured using automated analyser. 

Results: We found that lower 25(OH)D levels, higher t-P1NP levels, higher β-CTx levels, higher OC 

levels in the nontraumatic ONFH patients than in the Healthy Control (P < 0.01). There were no 

significant differences in PTH levels between this two groups. Logistic regression analysis revealed low 

25(OH)D and high t-P1NP were significantly associated with nontraumatic ONFH.  

Logistic regression analysis odds ratio of low 25(OH)D and high t-P1NP 

 B S.E. Wals P value OR 95%CI 

intercept -0.784 0.241 10.558 0.01 0.458  

25(OH)D 1.525 0.372 16.766 0.00 4.595 2.214-9.534 

t-P1NP 2.238 1.105 4.101 0.043 9.372 1.074-81.741 

OR: odds ratio, CI: confidence interval. 

ROC curve analysis showed the highest AUC for t-P1NP+25(OH)D model (t-P1NP+25(OH)D: 0.702, 

95 % CI 0.620–0.776; t-P1NP: 0.621, 95 % CI 0.536–0.701; 25(OH)D: 0.678, 95 % CI 0.594–0.753). 

With regard to the cutoff values calculated from the ROC curves, t-P1NP+25(OH)D model showed 

64.29 % sensitivity and 73.97 % specificity. The deficiency of 25(OH)D occurred at all phases, and other 

BTMs were in a high rate during different phases according to the ARCO classification. 
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Conclusion: Both 25(OH)D deficiency and high t-P1NP were independent risk factors for nontraumatic 

osteonecrosis of the femoral head. Our results suggest that bone turnover markers, t-P1NP+25(OH)D 

model (t-P1NP≥54.82 ng/ml and 25(OH)D≤21.86 ng/ml ), may help to diagnose nontraumatic ONFH in 

aged male patients. 
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KNEE LOADING REPAIRS OSTEOPOROTIC OSTEOARTHRITIS THROUGH 

RELIEVING SUBCHONDRAL BONE ABNORMAL REMODELING 

WW Zheng1, BB Ding1, XL Li1, DQ Liu1, P Zhang1  

 1School of  Basic Medical Sciences, Tianjin Medical University, Tianjin 300070.  

Background: Osteoporotic osteoarthritis (OPOA) is a common bone disease in older women after 

menopause. Previous study has confirmed that knee loading can mitigate osteoarthritis symptoms, but the 

effects on OPOA remain unclear. 

 Method: In this study, eighty C57BL/6 mice were randomly divided into five groups: Sham, 

osteoarthritis (OA), loaded group(OAL), osteoporotic osteoarthritis(OPOA) and loaded OPOA 

group(OPOAL). We performed OA operation on bilateral knee joint after bilateral ovariectomy 4 weeks 

to establish an OPOA mice model. Then loaded groups (both OAL and OPOAL) were treated on both 

knee joint with 1N, 5Hz for 6 min/day for 4 weeks. Specific histological staining was performed to 

observe the morphology of the knee joint, and the differentiation ability of MSCs was observed by 

cytology.  

Result: Results showed that in OA and OPOA groups articular cartilage was degenerated and OARSI 

score was significantly increased. Meantime, subchondral bone had also undergone remodeling, and the 

differentiation ability of BMSCs to osteoblasts and chondrocytes was declined. Osteoclasts formation, 

migration and adhesion were enhanced. Compared with OA group, the pathological changes of 

osteoarthritis in OPOA group were considerably aggravated. After knee loading, cartilage degradation 

was effectively restored, and the abnormal remodeling of subchondral bone was significantly inhibited. 

The differentiation ability of BMSCs was effectively improved.  

Conclusion: This study demonstrates that osteoporosis aggravates osteoarthritis symptoms. Knee loading 

effectively restores OPOA by regulating subchondral bone remodeling, and may provide an effective 

method for repairing OPOA. 
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SYNTHETIC PRESENTATION OF NONCANONICAL WNT MOTIF PROMOTES 

MECHANOSENSING-DEPENDENT DIFFERENTIATION OF STEM CELLS AND 

REGENERATION 

Rui Li1, Liming Bian1 

1The Chinese University of Hong Kong, Hong Kong SAR, China. 

 

Noncanonical Wnt signaling in stem cells is essential to numerous developmental events. However, no 

prior studies have capitalized on the osteoinductive potential of noncanonical Wnt ligands to functionalize 

biomaterials in enhancing the osteogenesis and associated skeleton formation. Herein, we investigated the 

efficacy of the functionalization of biomaterials with a synthetic Wnt5a mimetic ligand (Foxy5 peptide) 

to promote the mechanosensing and osteogenesis of human mesenchymal stem cells by activating 

noncanonical Wnt signaling. Our findings showed that the immobilized Wnt5a mimetic ligand activated 

noncanonical Wnt signaling via the upregulation of Disheveled 2 and downstream RhoA/ROCK signaling, 

leading to enhanced intracellular calcium level, F-actin stability, actomyosin contractility, and cell 

adhesion structure development (Figure 1). Such enhanced mechanotransduction in stem cells promoted 

the in vitro osteogenic lineage commitment and the in vivo healing of rat calvarial defects. Our work 

provides valuable guidance for the developmentally inspired design of biomaterials for a wide array of 

therapeutic applications. 

 
Figure 1. Schematic illustration of the Wnt5a mimetic peptide-conjugated, porous HA hydrogels 

promoting the osteogenesis of seeded hMSCs by activating RhoA signaling and elevating the intracellular 

calcium level. 
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Background: Circular RNA (circRNA) is one new kind of endogenous non-coding RNA, which has 

spurred considerable interest in numerous tumors. Whereas, the expression and role of circRNAs in 

osteosarcoma remain largely unknown. In spite of great improvements in diagnosis and treatment, the 

survival of osteosarcoma is still worrying. Therefore, novel biomarkers are warranted for early detection 

of resectable and potentially curable disease, which may improve the overall survival rate of 

osteosarcoma. This study aimed to investigate the clinical, prognostic and diagnostic roles of circRNAs in 

osteosarcoma patients.  

Methods: We systematically searched PubMed, Web of Science, EMBASE, Scopus, CBM and the 

Cochrane Library databases up to March 20, 2019. Eligible studies about the relationship between 

circRNAs expression and clinical, prognostic, diagnostic outcomes in osteosarcoma patients were in our 

study. Pooled odds ratios (ORs) and 95% confidence intervals (CIs) were to investigate clinical 

parameters, sensitivity and specificity, and hazard ratios (HRs) and 95% CIs to estimate overall survival 

(OS).  

Results: Ten relevant studies including 6 on clinical features, 8 on prognosis and 5 on diagnosis were 

eligible in our study. Elevated expression of circRNAs was remarkably related with poor clinical 

parameters. In terms of prognostic roles, oncogenic circRNAs had an unfavorable impact on overall 

survival (OS: HR=2.81, 95%Cl: 2.11-3.50), and elevated expression of tumor-suppressor circRNAs was 

correlated with longer survival (OS: HR=0.42, 95%Cl: 0.21-0.64). For the diagnostic roles, the pooled 

result showed an area under the curve (AUC) of 0.85, with 80% sensitivity and 77% specificity in 

distinguishing osteosarcoma patients from healthy controls.  

Conclusions: The above results suggested that circRNAs have the potential to be novel promising 

indicators for prognostic and diagnostic evaluation of patients with osteosarcoma. 

Keywords: circular RNA; osteosarcoma; prognosis; diagnosis. 
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Objective: To observe the effect of different concentrations of MIC-1 on proliferation of old 

chondrocytes.  

Methods: 1. The Serum and the cartilage specimens of the young and the old were collected respectively, 

and the content of MIC-1 in serum and cartilage was detected. 2. Human chondrocytes were cultured 

routinely, and recombinant human MIC-1 protein of different concentrations was added into the culture 

medium. After 48 hours cultivating, the proliferation of chondrocytes was detected by EdU, and the 

expressions of MMP13 Smad2 and pSmad2 in chondrocytes were detected by Western blot and qRT-

PCR.  

Results: The content of MIC-1 in the serum and the cartilage of young people was higher than that of old 

people (P<0.05) (Figure 1). The number of EdU positive cells in the experimental group was higher than 

that in the blank control group (P<0.05) (Figure 1). Compared with the blank control group, chondrocytes 

in the experimental group showed increased pSmad2 and type Ⅱ collagen content (P<0.05), decreased 

MMP13 content (P<0.05), and no significant difference in Smad2 content (P>0.05).The gene expression 

level of each index was consistent with the protein expression level.  

Conclusion: The MIC-1 content of the serum and the cartilage in young people is higher than that in old 

people, and MIC-1 can promote the proliferation of chondrocytes in old. 

                              
Figure1 The contents of MIC-1 in serum and cartilage. Figure2 Detection of EdU markers in 

chondrocytes. 
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THE ER STRESS AUTOPHAGY AXIS IS INVOLVED IN OVX MICE 
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Bone loss in postmenopausal osteoporosis is caused by an imbalance in activities of bone-forming 

osteoblasts and bone-resorbing osteoclasts. Salubrinal, a synthetic chemical agent that promotes bone 

remodeling, inhibits de-phosphorylation of eukaryotic translation initiation factor 2 alpha (eIF2α). 

Phosphorylation of eIF2α alleviates endoplasmic reticulum (ER) stress, which activates an autophagy 

pathway. We hypothesized that salubrinal improved postmenopausal osteoporosis by regulating an ER 

stress autophagy axis. C57BL/6 female mice were randomly divided into 3 groups such as the sham 

control group, ovariectomized group, salubrinal-treated ovariectomized group. For the sham control mice, 

the same procedure was conducted without removing the ovaries. At 4 weeks after surgery, the salubrinal-

treated group received subcutaneous injection of salubrinal in 49.5% PEG400 and 0.5% Tween 80 daily 

at a dose of 1 mg/kg body weight for 4 weeks, while the OVX group received an equal volume of vehicle 

as control. Two months later, bone samples were collected for bone mineral density (BMD), micro-

computed tomography, histological and transmission electron microscope analyses to evaluate bone mass, 

osteogenic, ER stress and autophagy. Bone marrow cells were isolated to examine osteoclast development 

and osteoblast differentiation. Fluorescence resonance energy transfer (FRET) imaging were used to 

evaluate the effects of salubrinal on Rac1 activity. Protein samples were isolated from femur and cells for 

Western blotting to examine eIF2α signaling. Using a mouse model of postmenopausal osteoporosis, we 

revealed that salubrinal significantly improved ovariectomized (OVX)-induced symptoms such as 

reduction of BMD and bone volume fraction. Electron microscopy further showed that the abnormal 

rough ER expansion and a decreased number of acidic vesiculars were observed in osteoblasts of OVX 

mice, and salubrinal improved those symptoms. In cultures of primary bone marrow-derived cells, 

salubrinal increased the colony-forming unit-fibroblasts and osteoblasts. It also reduced the formation of 

mature osteoclasts and suppressed their migration and adhesion. Salubrinal increased the expression of 

ER stress-associated signaling molecules, including Bip, p-eIF2α and ATF4. It also altered the expression 

of autophagy markers, which were induced by ER stress, LC3 and p62. Salubrinal increased expression of 

p-eIF2α and ATF4 in MC3T3 cells, and reduced expression of nuclear factor of activated T-cells 

cytoplasmic 1 (NFATc1) in vitro. Live cell imaging and a partial silencing by RNA interference 

demonstrated that suppression of osteoclastogenesis is in part mediated by Rac1 GTPase. Collectively, 

our study demonstrates that salubrinal attenuates the bone loss by regulating the ER stress-autophagy axis 

of osteoblasts and altering the proliferation and differentiation of osteoclasts by regulating eIF2α, Rac1 

and NFATc1. 
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Objective: Bioinformation-based methods predicted that naringin could reduce bone marrow steatosis 

and play an anti-osteoporosis role by regulating the FoxO-β-catenin -PPARγ signal Crosstalk, which was 

verified by animal and cell experiments.  

Methods: The literature suggests that the bone marrow steatosis associated with menopause or senile 

osteoporosis is mainly due to the imbalance of BMSCs differentiation. The FoxO-β-catenin-PPARγ 

signal Crosstalk may play an important role in bone marrow adipocysis. Bioinformatics predictions 

suggest that naringin may act by binding to PPARγ and FoxO1 proteins,and naringin is administered to 

ovariectomized SD rats for 3 months to observe the reduction degree of femoral bone marrow adiposis, 

bone density and serum bone metabolism indexes, as well as the changes of signal Crosstalk pathway or 

key target. The osteoblast/lipoblast and BMSCs/ lipoblast co-culture systems were then treated with 

naringin to observe changes in cell phenotype and detect changes in related pathways or key targets. 

Results: According to bioinformatics, naringin may regulate the dynamic balance of FoxO-β-catenin-

PPARγ signal crosstalk by combined with PPARγ and FOXO proteins, thus exert anti-osteoporosis effect. 

Further experiments confirmed that naringin may maintain the anti-oxidative stress of FoxO and increase 

the content of β-catenin reserve pool by decreasing the expression of PPARγ, thereby promoting 

osteogenic differentiation and proliferation of BMSCs, decreasing adipogenesis and maintaining 

osteoblast function. So as to reduce bone marrow steatosis and exert anti-osteoporosis effect. 

Conclusions: Bioinformatics prediction combined with animal and cell experiments confirmed that 

Rhizoma drynariae may play an anti-osteoporosis role by regulating the dynamic balance of FoxO-β-

catenin-PPARγ signal Crosstalk to reduce the bone marrow steatosis. 

mailto:peng.zhang@siat.ac.cn
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Fracture nonunion is a major challenge complication of bone fracture regeneration and repair. The 

molecular mechanisms that result in fracture nonunion appearance are not fully understood. Nonunion is 

associated with the endochondral ossification failure. Histone deacetylase 3 (HDAC3) plays an important 

role in the endochondral ossification process.Our previous study had found that salvianic acid A (SAA, an 

osteogenic phytomolecule) liposome formulation accelarated delayed fracture healing by stimulating 

endochondral ossification1. In this study, we suspected that SAA may improve long bone healing of 

nonunion through regulating HDAC3-mediated endochondral ossification and intended to unravel 

functional mechanisms behind its action. Bone samples were collected from six nonunion patients for 

transcriptome analysis and six bone samples from healthy traumatic patients were used as control. A 

radius nonunion rabbit model were used to evaluate the therapeutic effects of SAA. Two bone nonunion 

defect with a 15-mm length were surgically created on the two radius of rabbits.Absorbable gelatin 

sponges were soaked with SAA, bone targeting SAA liposome, RFGP966 (a HDAC3 inhibitor) or saline 

(control group) and implanted into the gap. Micro-computed tomography (CT) analysis, X-ray imaging, 

and histology analyses were performed 4 weeks post surgery. A short interfering RNA sequences (siRNA) 

was used to induce HDAC3-deficient cell model in chondrogenic cell (ATDC5) for investigating the role 

of HDAC3 and SAA  intervention mechanism in the endochondral ossification process. Transcriptome 

analysis revealed that 3550 up-regulated gene and 3322 down-regulated gene found in nonunion patients 

compared to healthy patients. Collagen catabolic and metabolic gene significant changed in nonunion 

patients. HDAC3-deficient ATDC5 cells demonstrated significant decreased col10a1 expression and SAA 

treatment could increase col10a1, col2a1 and HDAC 3 gene expression in HDAC3-deficient cell model. 

Micro CT data and X-ray image demonstrated that SAA, and its liposome formulation significantly 

increased bone regeneration in radius nonunion rabbit model. Histology analyses further confirmed that 

SAA and its formulation significantly promoted long bone healing of nonunion. 

In summary, our results suggested that SAA improve long bone healing of nonunion through 

regulating HDAC3-mediated endochondral ossification. 
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Sulfated polysaccharides are attractive semi-synthesized materials that can be used as a mimic of heparan 

sulfate to modulate the protein activity and other physiological processes[1, 2]. In this study, we 

employed sulfated chitosan to enhance the angiogenic capacity of bone morphogenic protein-2 (BMP-2). 

Bone marrow stromal cells (BMSCs) cultured in a combination of BMP-2 and 2-N,6-O-sulfated chitosan 

(SCS) group secreted more VEGF and NO. The expression patterns of angiogenic and osteogenic genes 

were analyzed, and VEGFR2 signaling was found to play a role in the enhancing effect of SCS. The chick 

embryo chorioallantoic membrane (CAM) assay revealed an enhanced angiogenic effect of BMP-2 when 

SCS was involved. Moreover, evidence indicates that the growth of blood vessels in bone and 

osteogenesis are highly coupled and successful healing of bone substitutes depends on the osteogenesis-

angiogenesis interplay[3]. In the co-culture system of BMSCs and human umbilical vein endothelial cells 

(HUVECs), SCS significantly enhanced sprouting ability and osteogenic differentiation of BMP-2. In 

addition, we investigated angiogenesis and osteogenesis in mouse using a BMP-2-induced ectopic bone 

model. The pro-angiogenic potential of composited BMP-2 was confirmed in vivo using 3D μCT 

reconstructions with an extensive perfusable vascular network. Histological and immune-staining analysis 

further revealed that both bone and vascular tissue were enhanced when SCS was added. These data 

prove that SCS can improve the angiogenic potential of BMP-2 and thus lead to better bone regeneration. 

We believe this new idea may provide insights toward designing bioactive materials with higher 

regenerative efficiency and give promising application in tissue regeneration. 

 
(A) Secretion kinetics of VEGF from BMSCs after culturing with BMP-2 and BMP-2/SCS. (B) 

Intracellular NO secretion of BMSCs in the culture medium (control), BMP-2, and BMP-2/SCS group. 

Scale bar equals 50 μm. (C) Osteogenic differentiation of BMSCs in the co-culture system of BMSCs and 

HUVECs. ALP staining for 7 days and ARS staining for 14 days. (D) Anti-VEGF immunofluorescence 

staining of ectopic bone sections. Each selected area was magnified to 200×. Double-

immunofluorescence staining for VEGF (red) and for the nucleus (blue). Scale bar equals 50 μm. (E) 

Vessel formation (scale bare quals1 mm) and quantitative analysis at week 2 and week 4 post-

implantation for different implants. 3D reconstructed vascular network of ectopic bone. (BVV/TV: blood 

vessel volume/total volume.) 
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Objectives: Lycorine, a natural alkaloid, has been proved to possess various physiological effects, 

including the potential effect against cancer. However, the anticancer effect of Lycorine on osteosarcoma 

and detailed molecular mechanisms involved remained unclear. In this study, we examined the effect of 

Lycorine on human osteosarcoma and elucidated the underlying mechanisms.  

Methods: In vitro assays, osteosarcoma cells were treated with Lycorine at various concentrations. Then 

the cell proliferation, colony formation, cell cycle distribution, apoptosis, migration and invasion were 

assayed to detect the anticancer effect of Lycorine on osteosarcoma cell lines. Western blotting analysis 

was used to verify the expression of related proteins. In addition, the mouse xenograft model was 

performed to evaluate Lycorine’s therapeutic potential on osteosarcoma in vivo. 

Results: The results in vitro demonstrated that Lycorin could significantly inhibit the proliferation, 

colony formation, migration and invasion of osteosarcoma cells, and induce cycle arrest and apoptosis. 

Western Blot results showed that Lycorin may suppress the expression of Janus kinase 2 (JAK2) and 

signal transducers and activators of transcription 3 (STAT3) through enhancing the expression of SH2 

domain-containing phosphatase 1 (SHP-1), thereby regulating the expression of target genes and related 

proteins downstream of STAT3. The results in vivo reaveled that Lycorin could significantly inhibit the 

growth of osteosarcoma in nude mice and had no obvious toxic and side effects on the important organs. 

Conclusions: The results demonstrated that anti-osteosarcoma effects of Lycorine due at least in part to 

the suppression of JAK2/STAT3 pathway. Besides, our study revealed that Lycorine exerted potent 

antitumor activity with low levels of toxicity in vivo. Taken together, Lycorine possesses the potential to 

be a promising candidate in clinical therapy for human osteosarcoma in the future. 
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Objective: Glucocorticoid induced osteoporosis (GIO) is a clinically common secondary osteoporosis 

whose pathogenesis is related to mitochondrial oxidative stress induced by reactive oxygen species (ROS), 

while thioredoxin interacting protein (TXNIP), as an important protein that is regulating ROS through 

mitochondrial oxidative phosphorylation (MOP) signaling pathway, and leading to bone loss.  

Methods: We established a GIO model in rat to evaluate the effects of glucocorticoids on bone 

biomechanics and morphology while the expression of TXNIP in serum was detected by ELISA and 

western blot method was used to detected the expression of TXNIP in bone tissue. Simple western blot 

was used to detect the expression of MOP signaling pathway-related protein in bone tissue. The 

morphological changes of mitochondria in bone cells were observed by transmission electron microscopy. 

At the same time, we also established a TXNIP knockout mouse and gave glucocorticoid intervention. 

The iTRAQ method was used to detect the proteomics of mouse bone tissue and analyze the differential 

proteins between different groups, and then verified the expression of MOP signaling pathway-associated 

proteins by simple western blot method.  

Results: Compared with the control group, the expression of serum TXNIP in GIO rats was significantly 

increased. Simple western blot also showed that the expression of TXNIP was significantly increased 

while the expression of MOP signaling pathway-related proteins （Ndufs3、SDHD、 Cyt B、COX 

IV、ATPB）showed an upward trend. Transmission electron microscopy indicated the number of 

mitochondria in cortical bone cells significantly reduced accompany with vacuoles and edema. In 

addition, compared with wild-type mice (WT), TXNIP knockout mice (TX-KO) showed that the related 

proteins of Ndufs3、SDHD、 Cyt B、COX IV、ATPB in the MOP signaling pathway were down-

regulated, and the results of simple western blot also indicated that the associated protein on the MOP 

signaling pathway is low expressed. Treated with glucocorticoids in TX-KO mice showed no significant 

differences in the expression levels of related proteins on the MOP signaling pathway compared to TX-

KO mice.  

Conclusion: TXNIP is involved in the pathogenesis of GIO and leads to bone loss through the 

mitochondrial MOP signaling pathway.  



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

311 
 

MITOCHONDRIAL PATHWAY IS INVOLVED IN ADVANCED GLYCATION END 

PRODUCTS-INDUCED APOPTOSIS OF RABBIT ANNULUS FIBROSUS CELLS 

Yiqiang Hu, Zengwu Shao, Xianyi Cai, Wentian Wang, Fan Ding, Guohui Liu, Liming Xiong△ 

Department of Orthopedics, Union Hospital, Tongji Medical College, Huazhong University of Science 

and Technology, Wuhan 430022, China. 

 

Objective: The purposes of this study were to evaluate whether AGEs induce annulus fibrosus (AF) cell 

apoptosis and further to explore the mechanism by which this process occurs.  

Summary of Background Data: Recent studies revealed that advanced glycation end-products (AGEs) 

accumulation is considered an important factor in diabetic intervertebral disc (IVD) degeneration. 

However, the effect of AGEs on intervertebral disc remains unclear.   

Methods: AF cells were treated with various concentrations of AGEs for 3 days. Cell viability and cell 

proliferation was measured by Cell Counting Kit-8 (CCK-8) and EdU incorporation assays respectively. 

Cell apoptosis was examined by Annexin V/PI apoptosis detection kit and Hoechst 33342. The expression 

of apoptosis-related proteins, including Bax, Bcl-2, cytochrome c, caspase-3 and caspase-9, was detected 

by western blotting. In addition, Bax and Bcl-2 mRNA expression levels were detected by RT-PCR. 

Mitochondrial membrane potential (MMP) and intracellular reactive oxygen species (ROS) production of 

AF cell were examined by JC-1 staining and DCFH-DA fluorescent probes, respectively.  

Results: Our results indicated that AGEs had inhibitory effects on AF cell proliferation and induced AF 

cell apoptosis. The molecular data showed that AGEs significantly up-regulated Bax expression and 

inhibited Bcl-2 expression. In addition, AGEs increased the release of cytochrome c into the cytosol and 

enhanced caspase-9 and caspase-3 activation. Moreover, treatment with AGEs resulted in a decrease in 

MMP and the accumulation of intracellular ROS in AF cells. The antioxidant N-acetyl-L-cysteine 

significantly reversed AGE-induced MMP decrease and AF cell apoptosis.  

Conclusions: These results suggested that AGEs induce rabbit AF cell apoptosis and mitochondrial 

pathway may be involved in AGE-mediated cell apoptosis, which may provide a theoretical basis for 

diabetic IVD degeneration. 

http://cn.bing.com/dict/search?q=consideration&FORM=BDVSP6&mkt=zh-cn
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The prognosis for those with unresectable or metastatic osteosarcoma remains unsatisfactory. 

And osteosarcoma stem cells (OSCs) are proposed to be responsible for tumor chemoresistance, 

relapse and metastasis. Thus, it is an urgent task to develop new potentially useful therapeutic 

agents, which could also target OSCs. This study aims to investigate the in vitro and in vivo anti-

osteosarcoma effects of Bruceine D (BD), a major bioactive component isolated from the 

traditional Chinese medicinal plant Brucea javanica, and its underlying mechanisms. Our data 

demonstrated that BD inhibited proliferation, migration and induced cell cycle arrest as well as 

apoptotic cell death in osteosarcoma cells. In addition, BD could also suppress the sphere-

forming and self-renewal ability of osteosarcoma stem cells. Mechanistically, the inhibitory role 

of BD on osteosarcoma stem cell like properties and tumor growth was partly through the 

repression of STAT3 signaling pathway. More importantly, BD significantly inhibited 

osteosarcoma growth without obvious side effects in vivo. Taken together, the present study 

provide evidence that BD has strong inhibitory effects on osteosarcoma stem cell like properties 

and tumor growth through repression of STAT3 signaling pathway, which suggests BD as a 

promising therapeutic agent for osteosarcoma. 
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Objectives: The present study aimed to investigate the protective effect of pioglitazone on compression-

induced nucleus pulposus mesenchymel stem cells (NP-MSCs) apoptosis and further to explore the 

mechanism by which this process occurs.  

Methods: Human NP-MSCs were isolated and cultured from patients undergoing lumbar discectomy and 

were identified by detecting immunophenotypes and multilineage differentiation. Cell viability and cell 

proliferation was analyzed with Cell Counting kit-8 (CCK-8) and EdU incorporation assays respectively. 

The cytotoxicity of NP-MSCs were detected by LDH assays and live/dead staining. The actin cytoskeletal 

organization of NP-MSCs were observed by using phalloidin staining. Human NP-MSCs apoptosis was 

determined by Annexin V/PI double staining and TUNEL assays. Intracellular reactive oxygen species 

(ROS) was detected by fluorescent probes DCFH-DA, while mitochondrial membrane potential (MMP) 

was determined by JC-1. The cellular ultrastructure was analyzed by transmission electron microscopy 

(TEM). Besides, mitochondrial apoptosis-related proteins (cyto.cytochrome c, Bax, Bcl-2, cleaved 

caspase-9 and cleaved caspase-3) were analyzed by western blot.  

Results: Our results indicated that NP-MSCs highly expressed surface markers, including CD105, CD73 

and CD90, and expressed less CD34 and HLA-DR, having the ability of osteogenesis, adipogenesis and 

chondrogenic differentiation. These results revealed that the isolated cells satisfied the criteria of MSC 

stated by the International Society for Cellular Therapy (ISCT). The results of CCK-8 and EdU staining 

showed that pioglitazone protected the loss of cell viability and cell proliferation induced by compression. 

The LDH assays and live/dead staining revealed that pioglitazone alleviated the toxic effects in 

compression-induced NP-MSCs. The results of phalloidin demonstrated that the tubular network 

structures and stress fibers of NP-MSCs were damaged obviously under compression and pioglitazone 

can reverse the adverse outcomes. The compression-induced apoptosis of human NP-MSCs was reduced 

when pretreated with pioglitazone according to AnnexinV/PI double staining and TUNEL assays. 

Pioglitazone decreased compression-induced overproduction of ROS and MDA and reversed 

compression-induced MMP decrease. Ultrastructure collapse of the mitochondria exhibited a nobale 

improvement by pioglitazone in compression -induced human NP-MSCs according to transmission 

electron microscopy (TEM). Furthermore, the molecular data showed that pioglitazone significantly 

decreased the expression of apoptosis-associated proteins, including cyto.cytochrome c, Bax, cleaved 

caspase-9, cleaved caspase-3 and promoted Bcl-2 expression. 

Conclusions: These results indicated that pioglitazone protected compression -induced NP-MSCs 

apoptosis. The molecular mechanism of pioglitazone on compression- induced cell apoptosis in NP-

MSCs may be related to mitochondrial pathway. 

file:///C:/Users/lenovo/AppData/Local/youdao/dict/Application/7.5.2.0/resultui/dict/?keyword=demonstrate
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Effective methods with elucidated mechanism to treat age-related osteoporosis are still lacking. Cystic 

fibrosis transmembrane conductance regulator (CFTR), a human gene encoding an anion channel protein, 

is known to be expressed in bone cells, deficiency in which is associated with bone problems in both 

humans and mice. Given that CFTR was recently reported to be age-dependently downregulated in the 

prostate and sperm in humans, we hypothesized that CFTR expression might be decreased in aged bone 

cells as well, contributing to age-related bone problems. Our results showed that the mRNA levels of 

CFTR in human bone tissues and protein levels of CFTR in human blood samples were in negative 

correlation with the advancing age. Significant reduction in CFTR mRNA levels was also found in bone 

tissues of patients with osteoporosis as compared with normal ones.  In mice, CFTR deficiency (DF508) 

resulted in low bone mineral density (by micro-CT), morphological abnormality of osteocytes (by 

scanning electron microscope), and upregulation of genes associated with cellular senescence in bone 

tissues (by PCR array), as compared with age-matched wild-types. Moreover, measurement of bone 

mineral density (by Dual-energy X-ray absorptiometry) at different ages in mice showed significant age-

related bone density decrease in the wild-type but not DF508 mice, suggesting possible premature bone 

loss/deficiency in DF508 mice. Consistently, in an osteocyte-like cell line MLO-Y4, knockdown of 

CFTR by siRNAs retarded mineralization in vitro. Taken together, these results have suggested that 

downregulation of CFTR in aged bone cells may underline the pathogenies of age-related bone loss, 

suggesting CFTR as a potential therapeutic target for related diseases.  

This work was supported in part by Theme-based Research Scheme of Hong Kong (T13-402/17N) and 

Health and Medical Research Fund of Hong Kong (15161441). 
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Background: Osteoporosis is a growing worldwide problem, with the greatest burden resulting from 

fractures. Nevertheless, the majority of fractures in adults occur in those with low bone mineral density 

(osteopenia). Long-term drug therapy is an expensive option with uncertain consequences and side effects. 

Thus, natural herbal therapy offers an attractive alternative. The objective of this study is to evaluate the 

safety and effect of natural herb, Zi-Kidney-Yin Granule (ZKYG), on bone mineral density (BMD).  

Methods：This study was a randomized, double-blind, parallel and placebo-controlled trial. One 

hundreds subjects were included and randomly allocated into two groups: treatment group and control 

group. All subjects were diagnosed with low bone mineral density (T-score between -1 and -2.5) and 

kidney-yin deficiency in Traditional Chinese Medicine. Subjects in the treatment group were treated with 

ZKYG for 6 months, while the control group received placebo for 6 months. Primary outcome measure 

was BMD of the lumbar spine using dual-energy X-ray absorptiometry. Secondary outcomes included 

serum markers of bone metabolism, and safety. Follow-up was at regular intervals during a one-year 

period.  

Results After 6 month treatment, ZKYG significantly improved lumbar spine BMD in comparison with 

placebo (P<0.05). Specifically, in ZKYG treatment group, the lumbar spine BMD increased 4.1% after 6 

month treatment, and increased 4.7% after another 6 month follow-up. The serum level of bone anabolic 

marker PINP was significantly reduced after ZKYG treatment (P<0.05). No server side effects were 

observed in both two groups.  

Conclusion：Zi-Kidney-Yin Granule is an effective and safe therapeutic drug in osteoporosis. It can 

improve the lumbar spine BMD and repress bone resorption. 
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Background: Tendon-bone interface (TBI) injuries are common in sports activities. Owing to the limited 

regenerative ability of TBI, its functional healing remains a difficulty in clinic. Icariin (ICA) has a strong 

stimulation for osteogenesis. Platelet-rich plasma (PRP) can be used as carrier for bioactive molecules, 

while its sustained-release ability for molecules still needs improvement. 

Hypothesis: Freeze-dried PRP (FD-PRP) as a carrier for ICA can sustainably release ICA into the 

tendon-bone (T-B) healing site, thus accelerating T-B healing. 

Methods: A total of 84 New Zealand rabbits with partial patellectomy in the hindlimb were randomly 

allocated into three different treatments: ICA incorporated with FD-PRP (ICA/FD-PRP), FD-PRP alone 

(FD-PRP), or saline (CTL). The rabbit patella patellar-tendon (PP) interfaces were postoperatively 

harvested at postoperative week 8 or 16 for gross, radiological, histological and mechanical evaluations. 

Results: Macroscopically, no signs of infection and osteoarthritis were showed in the regenerated PP 

interfaces, and the area of cartilaginous metaplasia (CM) region in the FD-PRP and ICA/FD-PRP groups 

at postoperative week 16 was significantly larger than that of the CTL group (P<0.05 for all). 

Radiologically, micro-computed tomography showed that new bone formed at the healing site in the 

ICA/FD-PRP group was significantly increased, remodeled and mineralized in comparison with the CTL 

group (P<0.05 for all). Histologically, ICA/FD-PRP group exhibited a significantly native PP interface, as 

shown by the enlargement and remodeling of new bone, well-organized collagen fibers and robust 

production of proteoglycans in the regenerated fibrocartilage. The mechanical strength of the regenerated 

PP interface was significantly improved in the ICA/FD-PRP group. Significantly higher failure load and 

stiffness were showed in the ICA/FD-PRP group compared with the CTL or FD-PRP groups, respectively 

(P<0.05 for all). 

Conclusion: FD-PRP is a suitable sustained-release carrier for ICA, and ICA/FD-PRP can sustainably 

release ICA into the T-B healing site, thus effectively accelerating T-B healing. 

 

  
Figure 1. Animal Model and Surgery and 

determination of ICA release from ICA/FD-PRP 

in-vitro 

Figure 2. The regenerated fibrocartilage as shown 

in TB-stained sections. 
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Objective: Postoperative rehabilitation is critical to the repair of tendon-bone injury. In this study, an 

established mice rotator cuff injury model was used to investigate the effects of different exercise 

intensity on the healing of bone tendon interface. 

Methods: 120 SPF male C57 mice, with supraspinatus insertion injury after adaptive treadmill training 

for two weeks, were randomly assigned to five groups according to different postoperative exercise 

rehabilitation intensity: (1) the natural healing group, (2) low intensity exercise group, (3) medium 

intensity exercise group, (4) high intensity exercise group, and (5) increasing exercise intensity group. 

The specimens were harvested at 4 or 8 weeks postoperatively for microarchitectural, histological, and 

mechanical evaluations of supraspinatus tendon- humeral interface.  

Results: Histological staining results showed that the degree of tissue fusion, protein polysaccharide 

content and distribution of the supraspinatus injury healing interface at 4 and 8 weeks after surgery were 

significantly better in the group of three-stage progressive exercise than the other four groups, and the 

degree of tissue fusion was the worst in the group of high-intensity exercise. Imaging results show that 

the triple strength increasing exercise group of supraspinatus check point damage interface quality and 

quantity of new bone healing obviously better than the other four groups, triple strength increasing 

exercise group of new bone bone volume fraction (BV/TV), bone trabecular number (Tb. N), bone 

trabecular thickness (Tb. Th), trabecular bone clearance (Tb. Sp) morphological quantitative parameters, 

such as obviously better than the other four groups. The results showed that the tensile load and ultimate 

strength of the supraspinatus muscle in the three-stage progressive exercise group were significantly 

better than those in the other four groups. 

Conclusion: The rehabilitation program with increasing exercise intensity is more beneficial to the repair 

of the bone tendon interface healing. 
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Mechanical stimulation has been proven to be a beneficial rehabilitation method for bone-tendon healing. 

However, the optimal time to initiate mechanical stimulation treatment to accelerate early rehabilitation 

has not been determined yet. In this study, an established mice model was used to preliminarily 

investigate the effect of treadmill training initiation timing on bone-tendon healing. A total of 128 mature 

mice that underwent supraspinatus tendon repair were randomly assigned to 4 groups: free cage activity 

(control group) and daily treadmill training started on postoperative day 2 (2-day delayed group), on 

postoperative day 7 (7-day delayed group) or on postoperative day 14 (14-day delayed group. The mice 

were sacrificed at 4 or 8 weeks postoperatively for microarchitectural, histological, and mechanical 

evaluations of the supraspinatus-supraspinatus tendon-Humerus (SSTH) interface. The biomechanical 

properties of the SSTH interface were significantly improved in the treadmill training groups. 

Significantly higher failure load was seen in the 2-day delayed group and 7-day delayed group compared 

with the other groups at 4 weeks or 8 weeks postoperatively (P <.05). SR-micro computed tomography 

(SR-μCT) analysis showed that the 2-day delayed and 7-day delayed groups had significantly more bone 

volume and bone mineral content at the interface as compared with the other groups at 4 weeks and 8 

weeks postoperatively (P <.05). Histologically, the treadmill training treatment groups exhibited a 

significantly better SSTH interface, as shown by the lower results of the Modified Tendon-to-Bone 

Maturity Score. Therefore, the results of this study suggest that treadmill training started at postoperative 

day 7 had a more prominent effect on bone-tendon healing compared with the other treatment regimens in 

this study. 
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Tendon attaches to bone across a robust fibrocartilaginous tissue termed the bone-tendon interface (BTI), 

which is commonly injured in the field of sports medicine and orthopedics with high incidence. Given its 

poor prognosis, effective treatment has been a major challenge. So far, tissue-engineering may be a 

promising treatment strategy. In this study, we followed the flowchart below to carry out the experiment 

(Figure 1). Firstly, based on the heterogeneous structure and ingredient of BTI, a gradient book-type 

triphasic (bone-fibrocartilage-tendon) scaffold was fabricated. After decellularization, the histological 

imaging indicated that all of the bone, fibrocartilage and tendon tissue had no cellular components and 

well preserved their native extracellular matrix (ECM). Meanwhile, in vitro studies indicated that the 

triphasic scaffolds had little-to-no cytotoxicity, while acellular bone, fibrocartilage and tendon scaffolds 

were superior in osteogenic, chondrogenic and tenogenic inducibility, respectively. Furthermore, an 

autologous bone marrow mesenchymal stem cell sheets (CS) were fabricated and sandwiched between 

every two pages of the acellular triphasic scaffold (ATS), in order to obtain a novel tissue engineering 

graft (ATS/CS). Additionally, the rabbit patella-patellar tendon interface injury model was applied to 

evaluate the effects of bone-tendon (B-T) healing by tissue engineering grafts as three groups: blank 

control, ATS group and ATS/CS group. At postoperative 16 weeks, plenty of newly-formed bone was 

observed by synchrotron radiation-micro computed tomography (SR-μCT) in ATS/CS group, while the 

collagen arrangement and fibrocartilage thickness of the regenerated BTI in this group were much better 

than the other two groups (P < 0.05). Finally, the biomechanical test also shown greater failure load and 

stiffness in the ATS/CS group compared to the ATS and control group (P < 0.05) (Figure 2). In general, 

this work demonstrated book-type acellular triphasic scaffold combining autologous BMSCs sheets is a 

promising graft for BTI tissue engineering. 

 

  

Figure 1: The flowchart of this study. Figure 2: The ATS/CS promoted B-T healing. 
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Purpose: Malignancy of cancer cells depends on the active transcription of tumor-associated genes. 

Recently, unique clusters of transcriptional enhancers, termed super-enhancers, have been reported to 

drive the expression of genes that defined cell identity. In this study we characterized super-enhancer 

associated genes of osteosarcoma, and explored their potential therapeutic and predictive value.  

Experimental Design: Super-enhancer regions were characterized through ChIP-Seq. Super-enhancer-

associated genes were suppressed with a transcriptional inhibitor, THZ2. Microarray expression and 

functional assays were performed to screen for the most sensitive oncogenes. Super-enhancer-associated 

oncogene signatures were built using multivariate Cox proportional hazards analyses.  

Results: Super-enhancers were associated with oncogenic transcripts and key genes encoding cell-type-

specific transcription factors in osteosarcoma (Fig. A). Compared with typical enhancers, osteosarcoma 

super-enhancer-associated genes were particular vulnerable to the transcriptional disruption (Fig. B&C). 

Targeting super-enhancer associated oncogenes by transcriptional inhibitor, such as THZ2, might be a 

promising therapeutic regimen for the treatment of patients with osteosarcoma (Fig. D). Five super-

enhancer-associated genes were determined to be potential oncogenes and druggable targets of 

osteosarcoma (Fig. E&F). Notably, these candidate oncogenes had diagnostic value because of their high 

expression in osteosarcoma tissue specimens compared to non-osteosarcoma and para-tumor tissues, and 

predict poor overall survival (OS) and lung metastasis-free survival (LMFS). The super-enhancer-

associated oncogene OS and LMFS signatures we established can greatly improve the prognostic value of 

proven clinicopathological factors.  

Conclusions: Super-enhancer-associated genes contribute to the malignant potential of osteosarcoma and 

might be the promising therapeutic targets and predictors for the patients with osteosarcoma. 
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Bone defects and related disorders seriously affect the life quality of patients and have always been one of 

the significant clinical challenges in orthopedics. The excessive inflammatory response is usually found 

in bone injury and has negative effects on the bone regeneration, e.g., the overexpression of IL-6 will lead 

to the up-regulation of MMPs and finally results in the deconstruction of bone. Moreover, the pain due to 

the tissue inflammatory response will lead to the reduction of patient’s exercise, and result in further bone 

loss. Therefore, the reduction of inflammation during bone repairing is known to be an effective strategy 

for bone tissue engineering. 

Astragalus Polysaccharides(APS) are a series of macromolecules that have pronounced anti-inflammation 

effects. Strontium(Sr), is known to be able to effectively induce the osteogenic differentiation, anti-

inflammation and balance the bone metabolism. In this study, we synthesized a new compound, 

Astragalus Polysaccharides Strontium(APS-Sr), to combine the beneficial effect of APS and Sr, with the 

purpose to lead to more efficient bone regeneration.   

Materials characterization, including SEM observation, EDS, and FTIR, were performed to investigate 

the properties of as-fabricated APS-Sr. MC3T3-E1 cells, which are pre-osteoblast cell line,  were 

employed to reveal the possible positive effects of APS-Sr in bone formation.  The MTT results revealed 

that the APS-Sr could slightly increase the proliferation of MC3T3 cells. The RT-PCR results suggested 

that APS-Sr can very effectively inhibit the inflammatory gene expression, including TNF-alpha, INOS, 

IL-1beta, IL-6, and IL-18. Moreover，APS-Sr has rather significant effects on promoting the osteogenic 

differentiation, as verified in the gene level and in vitro test via Alkaline Phosphatase Assay and Alizarin 

Red S Staining.  We believed that the as-fabricated APS-Sr should be a rather useful chemical compound 

that can be used in bone tissue engineering, due to its significant anti-inflammatory effects and its 

capability to effectively induce the osteogenic differentiation. 
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Objective: Anterior fusion surgery is a standard and terminal treatment for various types of frontal 

compression on cervical spinal cord. Due to the significant effect, it is widely applied in spinal surgery. 

However, this type of surgery has a long learning curve, high incidence of complications and maybe that 

some complications result in disability or even death. Thus, the aim of this review is to provide reference 

for clinicians. 

Method: by looking up articles in the Pubmed website, Web of Science website, Embase data and some 

data of China, the authors summarize the techniques of anterior cervical fusion surgery, the incidence of 

related complications and the dangerous pitfalls that may make trouble for doctors.  

Outcome: This review pay attention to the relevant knowledge of cervical anterior fusion surgery, 

including the choice of approach, the significance of intraoperative neurophysiological monitoring and 

the criteria of postoperative imaging evaluation. In the meanwhile, the authors also discussed the causes, 

incidence and clinical manifestations of four types common complications in this surgery such as 

approach-related complications, bone graft related complications, plant-related complications and other 

complications. It is worth mentioning that due to the high incidence and serious consequences of the 

complications associated with the approach, this article specifically describes spinal cord and nerve root 

injury, hoarseness and vocal cord paralysis, perforation of the esophagus and swallowing, airway 

obstruction and vascular injury. These complications were concluded in detail including the causes, 

prognosis and outcomes. Finally, with the expectation that all the spine surgery can deal with those 

conditions, methods for prevention and management of each complications are elaborated. 

Conclusion: There are some traps in the anterior cervical fusion surgery. Although the surgical skills are 

quite mature, the incidence of complications has not decreased compared to the past two decades. It is 

worthy of being wary of every spine surgeon. 
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Objective: This study aimed to investigate the effects of CTGF on NSCs differentiation and the 

underlying mechanisms. 

Methods: Neural stem cells were isolated and cultured in vitro; BrdU was used to detect the effect of 

CTGF on the proliferation of NSCs; than NSCs were induced to differentiate into neurons, microglia and 

oligodendrocytes, respectively; compare their differentiation efficiency, and measures the length of axons 

during neuronal differentiation. Further, test the signal pathway change by 45Cignal pathway array; Than 

assessing the binding and activation of TrkA, to determined that TrkA plays an important role in the 

process of CTGF-guided NSC differentiation. Furthermore, CTGF was injected locally in the injured area, 

and the effect of CTGF on spinal cord injury was tested by assessing the recovery of neurological 

function and the situation of newborn neurons in mice. 

Result: 1, There was a significant decrease the proliferation of NSCs BrdU-positive cells in negative 

control. 2,The results showed that CTGF could significantly enhance neuronal differentiation with little 

effect on oligodendrocyte differentiation and astrocyte differentiation.3,We confirmed that CTGF 

upregulation effectively promoted axonal growth. 4, we found that the MAPK/ERK signaling pathway 

was significantly activated. In addition, by using antagonists and activators of TrkA, we confirmed a 

major role of TrkA-MAPK phosphorylation in this process. 5, The results indicated that neuronal 

differentiation and axonal growth were significantly inhibited by GW441756. 6. We found that gambogic 

amide could mimic the function of CTGF in NSC neuronal differentiation. 7, we found that CTGF 

enhanced the number of newborn neurons and therapeutic effects during SCI.  

Conclusion: our data demonstrate that CTGF activates the TrkA-MAPK signaling pathway to promote 

neuronal differentiation of NSCs and is conducive to axonal growth during neuronal differentiation. 
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Acute Spinal Cord Injury (SCI) is a highly disabling and fatal central nervous system traumatic disease. 

In our study, we bred mice that knocked out UTX gene in spinal cord vascular endothelial cells (Tek-Cre 

UTX flox/flox). Compared with the control mice, UTX vascular endothelial cell knockout mice showed 

no significant differences in electrophysiological function, coat color characteristics, eating habits, 

activity ability and weight. The comprehensive evaluation at different time points after SCI in mice 

showed that the neurological function recovery of the UTX knockout group was better than the control 

group; In immunofluorescence assay of the spinal cord tissue was suggested at the caudal of the SCI 

lesion, the expression of Lectin and 5-HT in the UTX knockout group was higher than that in the control 

group. The immunofluorescence staining of spinal cord tissue showed that the expression of CTGF in the 

knockout group was more than that in the control group. Western blot and q-PCR showed that the 

expression of CTGF was increased after UTX knockout. The angiogenic ability of vascular endothelial 

cells in the UTX knockout group was significantly enhanced in vitro compared with the control group, 

and this enhancement was blocked by the CTGF neutralizing antibody (NA). In the ChIP and co-IP assays, 

We confirmed that the increase in CTGF expression in mouse spinal cord vascular endothelial cells after 

knockout of UTX was achieved by promoting the binding of the transcription factor c-Myc to the CTGF 

promoter. 
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Acute spinal cord injury is a serious central nervous system disease. Various factors impede axon 

regeneration and cause motor dysfunction after spinal cord injury. Epigenetic regulation alters gene 

expression without changing DNA sequences. UTX(Ubiquitously Transcribed Tetratricopeptide Repeat 

on chromosome X), known as KDM6A, is an important epigenetic regulator which is widely expressed in 

cells and regulates the methylation level of H3K27. Microtubules are cellular skeleton, which play 

significant biological roles in cell growth and migration. It has been reported that UTX promotes the 

proliferation of neural stem cells while inhibiting their differentiation. But how UTX affects axon 

regeneration of neurons remains to be unknown. Here, we report that conditional knockdown of UTX 

facilitates neural axon regeneration. In cultured UTXflox/flox neurons derived from neural stem cells, 

knockdown of UTX via Cre adenovirus incresed tubulin acetylation and promoted axon growth. In vivo, 

conditional UTX knockdown facilitated motor function recovery by promoting microtubule acetylation. 

These observations suggest that UTX affects microtubule stabilization. Knockdown of UTX promotes 

microtubule acetylation, and this process is important for axon regeneration.   
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CHARACTERIZATION AND IMMUNOGENICITY OF BONE MARROW-DERIVED 

MESENCHYMAL STEM CELLS UPON OSTEOPOROTIC CONDITION 

Yingkang Huang1, Qin Shi1 * 

1Orthopedic Department, the First Affiliated Hospital of Soochow University, Medical College of 

Soochow University, Orthopedic Institute of Soochow University 

Objective: Mesenchymal stem cells (MSCs) are widely used in regenerative medicine and tissue 

engineering for their multidirectional differentiation potential and low immunogenicity, whereas MSCs in 

disease state have not been clearly reported. In this study, we established ovariectomized (OVX) 

osteoporotic rat model to compare the three-line differentiation potential and immunogenicity of BMSCs 

derived from healthy and osteoporotic inflammatory microenvironment. 

Methods: BMSCs were isolated from the bone marrow of healthy and osteoporosis rats by whole bone 

marrow culture. After identification, they were named as H-BMSCs and OP-BMSCs, respectively. (1) 

The stem cell phenotype was detected by flow cytometry assay (FCA), and the proliferation efficiency of 

H-BMSCs and OP-BMSCs was detected by CCK-8. (2) After osteogenic induction for 7 days, ALP 

staining was performed and real-time fluorescence quantitative PCR (qRT-PCR) was used to detect 

osteogenic related genes of H-BMSCs and OP-BMSCs. The differentiation of efficiency was detected by 

alizarin red staining after osteogenic induction for 14 days. The expression of Wnt/β-catenin pathway-

related proteins was detected by Western blotting. (3) H-BMSCs and OP-BMSCs were induced by 

cartilage induction and adipogenic induction, and then toluidine blue staining, COL-2 

immunofluorescence staining and qRT-PCR were used to detect cartilage-related genes to compare the 

ability of cartilage; oil red-O staining and qRT-PCR was used to detect the ability of adipogenic genes to 

compare the adipogenicity between H-BMSCs and OP-BMSCs. (4) The expression of costimulatory 

molecules on the surface of H-BMSCs and OP-BMSCs was detected by FCA, H-BMSCs and OP-BMSCs 

were co-cultured with CD3 monoclonal antibody-activated T cells of human, and the proliferation of T 

cells was detected by CCK-8. FCA was used to detect the markers of early activation of T cells, and CBA 

was used to detect the secretion of cytokines in the supernatant of T cells. 

Results and Conclusion: (1) OP-BMSCs and H-BMSCs have similar cell morphology. There was no 

significant difference in the expression of stem cell surface markers CD29 and CD90, but CD34 and 

CD45 were not expressed. CCK-8 showed that OP-BMSCs had weaker proliferation efficiency than H-

BMSCs during normal culture. (2) The results of ALP staining, alizarin red staining showed that, 

compared with H-BMSCs, OP-BMSCs had weaker osteogenic ability. The expression of osteogenic 

related genes OPN, OCN and BMP-2 in OP-BMSCs was significantly decreased which was detected by 

qRT-PCR. The results of Western blotting also showed that the expression of β-catenin and osteoblast-

specific protein OCN and Runx2 in OP-BMSCs was significantly decreased under osteogenic induction. 

(3) Compared with H-BMSCs, toluidine blue staining, immunofluorescence and qRT-PCR showed that 

OP-BMSCs had weaker chondrogenic ability, while oil red-O staining and qRT-PCR showed that OP-

BMSCs were stronger in adipogenic ability. (4) The results of FCA showed that the expression of positive 

costimulatory molecules CD40，CD80 and CD86 in OP-BMSCs was significantly higher than that in H-

BMSCs, while the expression of negative co-suppressor molecule PD-L1 was significantly decreased. 

CCK-8 also showed that OP-BMSCs could not inhibit the activation of T cells. While the results of CBA 

showed that OP-BMSCs promoted the secretion of inflammatory factors TNF-α and IL-6 from activated 

T cells and inhibited the secretion of anti-inflammatory factors IL-4. Compared with H-BMSCs, OP-

BMSCs decreased the osteogenic and chondrogenic differentiation, increased adipogenic ability and the 

immunogenicity. 
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HO-1 INDUCTION PREVENTS GLUCOCORTICOID-INDUCED OSTEOBLAST APOPTOSIS 

THROUGH ACTIVATION OF ERK1/2 SIGNALING SIGNALLING PATHWAY 

Qiaoli Gu1, Mimi chen2, Yu Zhang3, Yingkang Huang4, Huilin Yang5, Qin Shi6 

Department of Orthopaedic Surgery, The First Affiliated Hospital of Soochow University, Suzhou, 

Jiangsu, China 

High dose glucocorticoids (GCs) therapy always causes osteoporosis partly by inducing osteoblast 

apoptosis. However, the underlying mechanisms of GC-induced apoptosis remain elusive. 

Hemeoxygenase-1 (HO-1) is a cytoprotective protein that protects cells from H2O2 or high glucose-

induced apoptosis. In bone metabolism, HO-1 also participates in osteoclast and osteoblast differentiation. 

The present study aimed to investigate the protective role of HO-1 against GC-induced apoptosis and to 

elucidate the underlying mechanism. Mouse osteoblastic MC3T3-E1 cells were treated with 

dexamethasone (Dex) for 24 h in the presence or absence of cobalt (III) protoporphyrin IX chloride 

(CoPP). The induction of apoptosis was determined by flow cytometry. Cell viability was evaluated using 

a CCK8 assay. The expression levels of HO-1, ERK and pERK were measured by Western blot analysis. 

We found that Dex promoted apoptosis and inhibited cell viability in MC3T3-E1 cells. HO-1 induction by 

CoPP significantly attenuated Dex-induced apoptosis as evidenced by Annexin V/PI staining. U0126, an 

inhibitor of ERK activation, significantly abrogated the protective effects of CoPP. Altogether, our results 

demonstrate that HO-1 induction by CoPP can attenuate Dex-induced apoptosis of mouse osteoblastic 

MC3T3-E1 cells. The anti-apoptotic effect of HO-1 induction may be correlated with increased pERK 

expression. Our findings will highlight the therapeutic potential of HO-1 induction in GC-induced 

osteoporosis. 

 

 Figure 1                                     Figure 2                                  Figure 3 
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Introduction: Puerarin is an isoflavonoid isolated from the Pueraria Labata (Willd.) Ohwi for treating 

coronary heart disease as an adjuvant drug in clinical. It also has beneficial effects in possessing anti-

oxidative stress, anti-cerebral ischemia, anti-diabetes, anti-atherosclerosis, anti-myocardial ischemia and 

anti-apoptosis properties in the clinical practice. Our previous study found that puerarin promoted 

osteogenesis and inhibited adipogenesis in vitro.  

Objectives: In this study, we are going to investigate the effect of puerarin on preventing bone and 

skeletal muscle loss in vivo. 

Materials and Methods: Fifty female 6-month-old SD rats were randomly divided into the 5 groups 

according to body weight. Ten rats were sham operated (Sham, 0.5% CMC-Na, i.g.) and 40 ones were 

ovariectomized and then divided into 4 groups, and 10 for each group: low dose puerarin (50mg/kg/day, 

i.g.), high dose puerarin (150mg/kg/day, i.g.), Estradiol (1 mg/kg/day, i.g.), and OVX (0.5% CMC-Na, 

i.g.). Body weights were recorded every week. After treatment for 12 weeks, all of the rats were 

sacrificed and the uterus and quadriceps were weighted, the proximal tibia were collected for high-

resolution micro-CT scan and histomorphometry. All of the results were expressed as mean  SD. One-

way or two-way ANOVA with uncorrected Fisher’s L.  

Results: Body weight in OVX group was significantly higher than that in Sham group SD post hoc was 

used for statistics. 3 weeks after surgery, and until 12 weeks it increased by 23.6%. Puerarin dose-

dependently suppressed the increase of the body weight. Compared to the Sham group, the wet uterus 

weight in the OVX group decreased by 80.8%, and estradiol increased 3 folds compared that in the OVX 

group, while the effect of both doses of puerarin on uterus weight was much weaker than E2. As to the 

normalized quadriceps weight by body weight, compare the Sham group, it significantly decreased 11.5% 

in the OVX group. Estradiol and both doses of puerarin increase the normalized quadriceps weight to the 

similar level as Sham group. Bone mineral density (BMD), Bone volume fraction (BV/TV), trabecular 

number (Tb.N), trabecular thickness (Tb.th) in the proximal tibia were all significantly decreased in the 

OVX group compared to those in the Sham group, while estradiol and puerarin significantly increased 

these index compared to those in the OVX group. Histologic static parameter showed consistent results as 

micro CT. As to the dynamic results, OVX significantly increased bone formation rate by 2 folds, while 

E2 significantly decreased by 37.5% and both doses of puerarin had no effect on bone formation. 

However, both E2 and puerarin significantly decreased nearly 50% osteoclast number in per surface 

compared with OVX group.  

Conclusion: Puerarin was able to suppress the body weight and prevent the bone and skeletal muscle loss 

in the OVX rats, because it decreased the osteoclast number. 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

329 
 

UTX DELETION PROMOTES RECOVERY OF SCI THROUGH EPIGENETICALLY 

REGULATING VASCULAR REGENERATION 

ZX Luo1,3，SF Ni1,3, JZ Hu1,3*, HB Lu1,2* 

1 Xiangya Hospital-International Chinese Musculeskeletal Research Society Sports Medicine Research 

Centre   

2 Department of Sports Medicine, Xiangya Hospital, Central South University, Changsha, China 

3 Department of Spine Surgery, Xiangya Hospital, Central South University, Changsha, China 

 

Objective: In this study, we aim to demonstrate the effect of UTX on the regeneration of blood vessels 

post SCI and its related mechanism.  

Methods: The contusion SCI model of wild type mice was established. Then, in vitro study was 

conducted to investigate the effect of UTX on the migration and tube formation of endothelial cells. Tek-

Cre mice was crossbred with homozygous UTX flox/flox mice to obtain Tek-Cre; UTX fl/fl (UTX -/-, 

conditional knockout of UTX gene in Tek-positive lineage cells) mice and littermate UTX fl/fl mice. 

Immunohistology, BMS scales, Von Fey mechanical test and neurophysiological methods were used to 

evaluate the angiogenesis and neurological function in UTX -/- and UTX fl/fl mice post SCI. Chromatin 

immunoprecipitation (ChIP) assay was used to demonstrated the potential binding of UTX to the 

promotor of miR-24 gene. 

Result: we found that the expression of UTX changed significantly in spinal cord post SCI, especially in 

endothelial cells. Knockdown of UTX can significantly promote the migration and tube formation of 

endothelial cells. Specific knockout of UTX in endothelial cells can accelerated the regeneration of blood 

vessels and promote the neurological function recovery post SCI. The ChIP assay confirmed the physical 

binding of UTX with the promotor of miR-24 in ehdothelial cells. UTX could significantly decreased the 

level of methylation in the promotor of miR-24. Furthermore, miR-24 can significantly rescue the 

repressive effect of UTX on angiogenesis and neurological function recovery.  

Conclusion: In conclusion, UTX deletion can epigenetically promote the vascular regeneration and 

functional recovery post SCI by forming a regulatory network with miR-24. The present study provides a 

petential therapeutic target for the treatment of SCI. 

. 
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Aims: Apert syndrome (AS), the most severe form of craniosynostoses, is caused by missense mutations 

including Ser252Trp(S252W) or Pro253Arg(P253R) of fibroblast growth factor receptor 2 (FGFR2), 

which lead to enhanced FGF/FGFR2 signaling activity. Typical treatment for AS is surgical correction of 

the deformed skulls. Because of constant maldevelopment of sutures, the corrective surgery is often 

executed for several times, resulting in increased suffering of patients and complications. Biological 

therapies targeting the mutant allele of FGFR2 signaling may bring better outcome with less sufferings 

and complications. The aim of this study is to dissect the effect of siRNA/shRNA on abnormal skull 

morphology of AS mouse. 

Methods: Screening a siRNA specifically targeting to Fgfr2-P253R allele and confirmed its effects on 

cultured primary calvarial osteoblasts and calvarial explants from Apert mice (Fgfr2+/P253R). Then, AAV 

mediated shRNA was delivered to AS mice by local injection to check it in vivo effects on calvarial 

phenotype. 

Results: We screened a siRNA specifically targeting to Fgfr2-P253R allele, and found it inhibited 

osteoblastic differentiation and matrix mineralization by reducing the signaling of ERK1/2 and P38 in 

cultured primary calvarial cells and calvarial explants from Apert mice (Fgfr2+/P253R). AAV9 was found to 

mediate effective expression of GFP reporter in calvarias. Then, AAV9 carrying shRNA against mutant 

Fgfr2 was in vivo delivered to skulls of AS mice by local injection.  

Conclusions: Results demonstrated that AAV9-shRNA attenuated the premature closure of coronal 

suture and the decreased calvarial bone volume of AS mice. Our study provides a novel practical 

biological approach, which will, in combination with other therapies including surgeries, help not only the 

treatment of patients with AS, but also other skeletal diseases.  
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Key words: total hip arthroplasty; SuperPATH approach; posterior approach; Harris hip score; Visual 
Analogue Scale score; incision length; blood loss; first weight-bearing timeBackground: SuperPATH 
approapch in total knee arthroplasty has many advantages over traditional surgery, but whether it has the 
same good efficacy as traditional posterior approach is still controversial.  

Objective: To compare the clinical efficacy between SuperPATH approach and traditional posterior 
approach in the treatment of total hip arthroplasty by meta-analysis.  

Methods: The clinical controlled trials published from 2016 to 2018 were retrieved. The retrieval was 
performed in the databases of Embase, PubMed, Central, Cinahl, PQDT, Cochrane Library, (CNKI, VIP, 
WanFang and CBM.  Review Manager 5.3 software was used for data analysis.  

Results: (1) Sixteen eligible articles were included. (2) Results analysis showed that the SuperPATH 
approach was superior to traditional posterior approach in Harris hip score [95%CI (3.34, 5.90), P < 
0.001], and operation time [95%CI (3.30, 20.26), P=0.007]. (3) The SuperPATH approach was inferior to 
posterior approach in range of motion [95%CI (1.28, -1.40), P < 0.000 1], Visual Analogue Scale score 
[95%CI (-2.99, -1.49), P < 0.001], incision length [95%CI (-7.00, -4.70), P < 0.001], and blood loss 
[95%CI (-131.97, -92.87), P < 0.001]. (4) The first weight-bearing time in the SuperPATH approach was 
shorter than that in the   posterior approach [95%CI (-93.94, -64.55), P < 0.001]. (5) These results indicate 
that the SuperPATH approach in total hip arthroplasty can achieve better effect than traditional posterior 
approach, especially in Harris hip score, Visual Analogue Scale score, incision length, blood loss, and 
first weight-bearing time.  
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In tissue engineering, PEEK has excellent chemical resistance, and mechanical properties similar to those 

of human bones, and so it is promising to replace titanium alloys as a new bone implant material. 

However, its biology inertness limits its clinical applications. In this study, by introducing the strontium 

(Sr) to PEEK surface, we successfully improve biocompatibility and bioactivity of PEEK.  

The surface treatment procedure is as follow: firstly, the micropores on the surface were introduced by 

immersing PEEK into concentrated sulfuric acid, and following by hydrothermal treatment to reduce 

residual sulfuric acid; second, the PDA (Polydopamine) molecular layer was coated on the peek surface 

by soaking it into the polydopamine solution; finally, we introduced the Sr to the surface by immersing 

the PEEK sample into the solution of Sr salt.  

The surface characteristics of as-fabricated PEEK-Sr were investigated using SEM, XPS, water contact 

angle, Ellipsometry respectively. Simulated body fluid immersion was performed to investigate the 

capability of mineralization.  MC3T3-E1 cells were employed to study the bioactivity and osteogenesis of 

PEEK-Sr. We found that the MC3T3-E1 cells seeded on PEEK-Sr have significantly higher cell 

proliferation than those seeded on PEEK, furthermore, they also have the best performance for inducing 

osteodifferentiation. We, therefore, believe that the PEEK-Sr we fabricated should be a promising 

candidate for orthopedic implant, and the surface modification technique we proposed should be a robust 

way to introducing metal ions that has beneficial effects to the bone to PEEK surface.  
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Breast cancer is a serious health problem and it preferentially metastasizes to bone. We have previously 

shown that bone loss can be prevented by ankle loading, but efficacy of ankle loading for metastasis-

linked bone loss has not been investigated. In this study, bone metastasis of breast cancer was induced by 

intra-tibial injection of 4T1 mouse mammary tumor cells in BALB/c female mice. Ankle loading with 1 

N loads was laterally applied to the right ankle at 5 Hz for 5 min/day for 3 weeks. Changes in body 

weight were measured, and tibias were harvested for micro CT, histomorphometry, 

immunohistochemistry, and Western blotting to examine bone microstructure, tumor growth, bone 

resorption and formation. The result showed that body weight decreased after injection with tumor cells, 

but ankle loading significantly suppressed a rapid loss of body weight. The non-loading group exhibited a 

decrease in BV/TV, Tb.Th, Tb.N (all p<0.01), and an increase in Tb.Sp (p<0.001). However, ankle 

loading significantly increased BV/TV, Tb.Th, Tb.N (all p<0.05), and decreased Tb.Sp (p<0.05). 

Furthermore, while the non-loading group increased the tumor bearing (p<0.001), as well as expression of 

IL-8 and MMP9 (both p<0.001), ankle loading decreased them. Tumor cell injection elevated the 

osteoclast number (p<0.05), and expression of NFATc1, RANKL, cathepsin K, and serum TRACP-5b 

level, but ankle loading reduced osteoclast activity and the levels of NFATc1, RANKL, cathepsin K and 

serum TRACP-5b (all p<0.05). Furthermore, ankle loading significantly increased bone formation 

(p<0.05). Tumor bearing was positively correlated with the osteoclast number (p<0.01), and negative 

correlated with BV/TV and the osteoblast number (both p<0.01). Collectively, these findings demonstrate 

that ankle loading suppresses tumor growth and osteolysis by inhibiting bone resorption and enhancing 

bone formation.  
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Background and Objective: With the rapid development of industrial technology and biomedical 

science, human beings have more and more opportunities to be exposed to SMF with higher-intensity. 

The most common high static magnetic field (HiSMF) is the MRI scanner in hospitals. For the biological 

effects of HiSMF, there are only some short-term exposure reports, and they focus on the study of brain, 

heart and blood. There are few studies pay attention to the effects of HiSMF on the skeletal system. The 

present study to systematically investigate the effects of HiSMF on bone microstructure and mechanical 

properties in mice. 

Methods: Male C57BL/6 mice with 8-week-old were continuously exposed to 2-4 T, 6-8 T, and 10-12 T 

HiSMF generated from a superconducting magnet for 30 days. The microstructure of femur and the 

mechanical properties of tibia were evaluated by Micro-CT and three point bending testing, respectively. 

Osteoblasts, osteoclasts, and osteocytes in femur were determined by histomorphology. 

Results: The results showed that 2-4 T HiSMF significantly improved the femoral microstructure and 

tibial mechanical properties in mice, promoted the formation of osteoblasts and increased the number of 

osteocytes on the cancellous bone, and inhibited the formation of osteoclasts. HiSMF of 6-8 T destroyed 

the femoral microstructure, had no effect on mechanical properties, reduced the number of osteoblasts on 

the surface of cancellous bone and had no effect on osteoclasts. 10-12 T HiSMF breaked the femoral 

microstructure and tibial mechanical properties, inhibited osteoblastic production, and increased the area 

of osteoclasts on the surface of cancellous bone.  

Conclusion: The structure and mechanical properties of bone are improved by 2~4 T HiSMF, and are 

damaged by 6-8 T and 10-12 T HiSMF. These findings contribute to a theoretical basis to develop the 

magnetic therapy equipment which is used for adjuvant therapy on osteoporosis in the future. 
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POTENTIAL ANTI-TUMOR IMMUNITY OF PEMC IN PULMONARY METASTASIS OF 

OSTEOSARCOMA PATIENTS WITH PLEURAL EFFUSION 

C. Wang, D. Zuo, Z. Wang, F. Yin, Y. Jiang, G. Wang, M. Mao, H. Wang, Y. Hua, Z. Cai,  

Shanghai General Hospital, Shanghai Jiaotong University, China 

 

Background: Osteosarcoma is the most common bone tumor in children and young adults, with few 

advances in survival and treatment, especially for lung metastases with malignant pleural effusion. As 

lung metastases develop malignant pleural effusion, there is no effective treatment to suppress tumor 

progression because of chemoresistance and unresectable.  

Method: This study focused on patients with clinically diagnosed lung metastasis of osteosarcoma with 

malignant pleural effusion and a total of 12 such patients were treated in the Department of Bone Tumor, 

Shanghai General Hospital from 2016 to 2018. CD3+ immunohistochemical staining was performed on 

the pathological sections of metastatic lesions and in situ lesions to compare lymphocyte infiltration. Each 

patient had a thoracic tube placed to relieve the obstruction of ventilation caused by pleural effusion. 

Pleural effusion mononuclear cell (PEMC) was extracted from pleural effusion by Ficoll gradient 

centrifugation. Peripheral blood mononuclear cell (PBMC) was also extracted to compare the different 

phenotypic changes with PEMC of the same patient. The primary tumor was isolated to confirm the 

antitumor efficacy of PEMC. 

Result: 1) With the appearance of malignant pleural effusion, average survival was 12.6 weeks with 8.3% 

overall survival rate at 6 months. 2) Lung metastases have more lymphocyte infiltration (32%-54%) than 

in situ lesions (12%-33%). 3) CD3+CD8+ cell subsets predominate in PEMC, while CD3+CD4+ and 

CD3+CD8+ are variable in PBMC. 4) Unfortunately, only one patient successfully isolated the primary 

tumor cells, while the killing activity of PEMC at 20:1 ratio of effective cells to target cells was more 

than 90% to autogenous tumor cells, less than 25% to other germ cell line(293t). 

Conclusion: The results suggest that CD8+ PEMCs have a significantly cytotoxic and anti-tumor effect, 

providing a novel adoptive cell therapy of lung metastatic osteosarcoma with PEMCs. Compared with 

tumor infiltrating lymphocyte (TIL) therapy, PEMC has the following advantages: 1) PEMC can be 

obtained without additional invasive surgery. 2) PEMC can recognize more tumor specific antigens than 

TIL in situ in theory. It is possible to provide a possible treatment for patients with lung metastasis from 

osteosarcoma. 
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Objective: Intervertebral disc (IVD) degeneration is a common degenerative disease, to date the 

mechanisms during its pathogenesis is largely unknown. Herein we investigated whether FGFR3, a 

negative regulator of endochondral ossification, is associated with IVD. 

Methods: Immunohistochemistry (IHC) was used to detect the expression of FGFR3 in IVD tissues in 

mice with different age and from human. Lumbar segmental instability (LSI) model was generated. 

Deleted FGFR3 in IVD tissue including annulus fibrosus (AF) and endplate (EP) in FGFR3flox/flox; 

Col2α1-CreERT2 mice by administering tamoxifen. Alterations in IVD structure were evaluated 

histologically using IVD degeneration scoring system. The expressions of genes associated with IVD 

homeostasis were analyzed by qRT-PCR and IHC. 

Results: In degenerated IVD from human patients, we found that FGFR3 expression level is decreased in 

AF and NP, suggesting a possible role for FGFR3 in the IVD hemostasis. The levels of FGFR3 were 

downregulated in murine IVD tissue during aging process. Gain-of-Function mutation of FGFR3 can play 

protective role in IVD under LSI condition in mice. Moreover, FGFR3 conditional knockout mice 

exhibited early onset of IVD degeneration with accelerated IVD matrix degradation, abnormal bone 

formation in EP and increased bone resorption in vertebra with aging. The elevated Wnt/β-catenin 

signaling may be involved in this degeneration process.  

Conclusions: FGFR3 may play a protective role in homeostasis of IVD, and may serve as a potential 

molecular target for treating disc degenerative diseases.   
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METFORMIN SUPPRESSES SELF-RENEWAL ABILITY AND TUMORIGENICITY OF 

OSTEOSARCOMA STEM CELLS BY TARGETING AUTOPHAGY 
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Osteosarcoma is the most frequently diagnosed primary malignant bone sarcoma in children and 

adolescents. Recent studies have shown that cancer stem cells (CSCs), a cluster of tumor cells with the 

ability to self-renew, play an essential role in tumor recurrence and metastasis. Thus, it is necessary to 

develop therapeutic strategies specifically targeting CSCs. Metformin, the first-line drug for type 2 

diabetes, exhibits anti-neoplastic activities in various kinds of tumors. New evidence has suggested that 

metformin may target CSCs and prevent their recurrence. However, the specific mechanisms underlying 

remain unclear. In this study, we found that metformin significantly suppressed the self-renewal ability of 

osteosarcoma stem cells (OSCs) and induced G0/G1 phase arrest by blocking the activity of cyclin-

dependent kinases. Furthermore, metformin induced apoptosis through a mitochondria-dependent 

pathway, leading to the collapse of the mitochondrial transmembrane potential and the production of 

reactive oxygen species (ROS). Importantly, metformin acted directly on the mitochondria, which 

resulted in decreased ATP synthesis. This change allowed access to the downstream AMPK kinase, and 

the activation of AMPK led to the reversal of the mTOR pathway, triggering autophagy. Particularly, 

metformin-mediated autophagy disturbed the homeostasis of stemness and pluripotency in the OSCs. 

Additionally, our mouse xenograft model confirmed the potential therapeutic use of metformin in 

targeting OSCs. In conclusion, our findings suggest that metformin suppresses the self-renewal ability 

and tumorigenicity of OSCs by targeting autophagy. 
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Objective: To evaluate the effects of early or delayed anterior cruciate ligament reconstruction on the risk 

of secondary meniscus and articular cartilage injury in children and adolescents. 

Methods: A computer-based online search was conducted in Medline, Embase, Cochrane Library, 

WanFang, and CNKI databases until March 2018. The articles about anterior cruciate ligament rupture in 

children or adolescents (< 19 years old) undergoing ligamentous reconstruction, and injuries of meniscus 

and knee cartilage at different operation times were collected in accordance with the inclusion and 

exclusion criteria. Meta-analysis was performed using Review Manager 5.3 software. 

Results: Five articles involving 849 patients were included. Meta-analysis showed that early anterior 

cruciate ligament reconstruction after anterior cruciate ligament rupture in children and adolescents could 

significantly reduce the risk of medial meniscus injury (OR=0.40, 95%CI 0.25-0.67, P=0.000 4). At the 

same time, the risk of secondary lateral meniscus injury in early ligament reconstruction was reduced 

(OR=0.70, 95%CI 0.53-0.93, P=0.01). In terms of articular cartilage injury, compared with delayed 

reconstruction, early reconstruction could reduce the incidence of injuries of femoral condyle cartilage 

(OR=0.25, 95%CI 0.12-0.53, P=0.000 3), tibial plateau cartilage (OR=0.41, 95%CI 0.25-0.67, P=0.000 4) 

and patellofemoral joint cartilage (OR=0.35, 95%CI 0.16-0.77, P=0.009).  

Conclusion: In summary, for children and adolescents with anterior cruciate ligament rupture, early 

anterior cruciate ligament reconstruction can reduce the incidence of secondary medial and lateral 

meniscus, femoral condyle cartilage, tibial plateau cartilage and patellofemoral cartilage injuries.  

Keywords: Anterior Cruciate Ligament; Adolescent; Child; Meta-Analysis 
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SMART DELIVERY OF MULTIPLE BIOMACROMOLECULES FOR RAPID 

SKIN NERVE REGENERATION 
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Skin is densely innervated with nerve fibers, which discriminate pain, temperature, and touch sense. 

However, it is still a big challenge to repair skin nerves and rebuild sensor function after injury. During 

the skin nerves restoration, recruitment of bone marrow derived mesenchymal stem cells (BMSCs) and 

their directed neural differentiation by biological signals proceed stepwise, but usually were executed 

separately in current therapeutic systems. How to satisfy these regenerative stages and provide the 

multiple biological signals appropriately by a single system remains an extreme challenge. Herein, for the 

first time, we construct a smart delivery system (SDS) that assembles heterogeneous materials loaded 

with therapeutic protein and genes within an chip. SDS was composed by a functional hydrogel shell 

incorporating chemokine and the microchannels filled with gene delivery microparticles. Once applied to 

the skin injury site, SDS delivers the chemokine and functional gene with a smart manner matching to the 

regenerative process, stimulating the recruitment, neural differentiation of BMSCs and nerve fibers 

formation. With these biomimetic regulations, SDS accelerates the prompt nerve regeneration and sensory 

function recovery within 23 days with strong efficacy. The constructed SDS offers a novel system in 

assembling three-dimensional multiple biomacromolecules delivery in one flexible chip to direct and 

mature BMSCs derived nerve fibers regeneration with sensory function recovery. It provides a universal 

platform stimulating the endogeneous regeneration of complicated organs and tissues.  
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Background/Aims: Osteoarthritis (OA) is a common chronic degenerative disease characterized by the 

degradation of chondrocyte extracellular matrix (ECM). Research suggests that microRNAs (miRNAs) 

are associated with OA, but the role of miR-146b in OA remains unclear. The aim of this study was to 

identify the role of miR-146b in OA progression. Methods: Functional analysis of the effect of miR-146b 

on mouse chondrocyte ECM degradation was performed after IL-1β treatment and miRNA transfection. 

Cell viability, mRNA expressions and productions of proteolytic enzymes were also assessed. The 

expression of miR-146b and alpha-2-macroglobulin (A2M) mRNA was measured by qRT-PCR. 

Luciferase assays were performed to assess the targeting effect of miR-146b on the 3’-untranslated region 

of A2M. Protein expression was measured with western blotting. Results: In our study, we showed that 

miR-146b was upregulated in articular cartilage from OA patients and experimental OA mice induced by 

destabilization of the medial meniscus compared to their controls. Through gain- and loss-of-function 

analyses, we found that miR-146b significantly affected chondrocytes viability and the expression of 

matrix synthesis genes. Downregulation of miR-146b dramatically inhibited caspase activation and 

proteolytic enzymes expression. Dual luciferase activity demonstrated that A2M is a direct target for 

miR-146b, and its expression was negatively regulated by miR-146b to stimulate chondrocyte 

hypertrophy, extracellular matrix degradation and consequently initiated and accelerated the development 

of OA. More importantly, intra-articular injection of antago-miR-146b effectively protected mice with 

osteoarthritis from cartilage degradation and proteoglycan loss compared with controls. Conclusions: 

Altogether, our findings reveal a novel miRNA-dependent regulatory and functional pathway for 

osteoarthritis development and demonstrate the potential utility of miR-146b and A2M as therapeutic 

targets for osteoarthritis. 
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Purpose: Glucocorticoid-induced osteonecrosis of the femoral head (GIONFH) is a common disease 

following long term or large dose of glucocorticoid use. The pathogenesis of GIONFH is still 

controversial, and abnormal bone metabolism caused by glucocorticoids(GCs) may be one of important 

factors. Exosomes, owing to its positive effect on bone repair, show potential therapeutic effect for bone 

related diseases. In this study, we hypothesized that exosomes regulated osteogenesis in rat GIONFH via 

Hippo signaling pathway.  

Methods: To evaluate the function of exosome in GIONFH, a dexamethasone (Dex) or exosome treated 

in vitro cell model and methylprednisolone (MPS) treated in vivo rat model were used. In vitro, CCK-8, 

Edu staining were used to evaluate the proliferation of osteocytes, and western blotting were used to 

evaluate the osteogenesis of osteocytes. In vivo, we used micro-CT, histological and 

immunohistochemical (IHC) analysis to evaluate the effect of exosomes. Moreover, the mechanism of 

exosome regulating the osteogenesis through the Hippo signaling pathway was also investigated using 

FISH, luciferase reporter assay and western blotting. 

Results: The q-PCR and western blotting verified that the relative genes expression in Hippo signaling 

pathway was also upregulated. Western blotting showed that inhibited LATS1/2 by exosomes regulate 

osteogenesis. RNA FISH and Luciferase reporter assay was performed to confirmed the interact between 

miR-32-5p and LATS1/2. According to the study in vivo, exosomes prevented GIONFH in a rat model as 

shown by micro-CT scanning, histological and immunohistochemical analysis.  

Conclusions: Therefore, we concluded that Exosomal miR-32-5p were an effective for regulate 

osteogenesis and preventing rats with GIONFH through Hippo signaling pathway  
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Chen Xiang, Wei Xiaochun 

Second Hospital of Shanxi Medical University，china 

 

Keywords: platelet-rich plasma  fracture healing  research progress 

Abstract.Platelet-rich plasma (PRP) is obtained by centrifugation, which is higher than the physiological 

concentration of platelet plasma several times, mainly through the release of platelet-derived growth 

factor (PDGF), transforming growth factor- Cytokines such as β (transforming growth factor -β, TGF -β) 

and insulin-like growth factor (IGF) play a repairing role.As an autologous blood component, PRP 

infusion is safer and more practical than other recombinant growth factors or stem cell therapies in 

clinical adjuvant therapy. Since the first use of PRP composite bone graft to repair the mandibular bone 

defect in 1998, domestic It has been applied to many fields such as oral cavity, orthopedics, and plastic 

surgery.PRP has shown good characteristics in promoting bone repair in animal and clinical trials. This 

article will review the latest research progress on the main components of PRP and its role in fracture 

healing. 
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Bone loss in Staphylococcus aureus (S. aureus) osteomyelitis poses a serious treatment challenge to 

orthopaedic surgeons. The present study aimed to elucidate how S. aureus infection in bone induces bone 

loss. The C57BL/6 mice were injected with S. aureus (106 CFU/ml, 100 μl) or with the same amount of 

vehicle (control) via the tail vein. Bioinformatic analysis of the dataset GSE30119 was performed to 

determine the differentially expressed genes (DEGs) of S. aureus infected patients with normal control. 

MicroCT analysis showed progressive bone loss from week 1 to 5 after infection, which is associated 

with decreased number of osteocalcin (Ocn)-positive stained osteoblasts, and the suppressed mRNA 

expression of Runx2 and Ocn. DEGs data showed significantly higher mRNA expression of granulocyte 

colony-stimulating factor (G-CSF) in whole blood from patients with S. aureus infection. ELISA analysis 

confirmed an increased level of G-CSF in bone marrow and serum of S. aureus infected mice, which may 

be due to increased amount of F4/80+ macrophages as shown by immunohistochemistry analysis. 

Interestingly, G-CSF neutralizing antibody treatment (10 mg/Kg) significantly rescued the bone loss after 

S. aureus infection, as evidenced by improving BV/TV, preserving Ocn- and osterix-positive stained cells. 

Importantly, we found that G-CSF level was significantly up-regulated in the serum of osteomyelitis 

patients infected by S. aureus. Together, S. aureus infection might suppress the function of osteoblastic 

lineage cells and induce progressive bone loss by up-regulating the level G-CSF, suggesting a therapeutic 

potential for G-CSF neutralization in combating bone loss in S. aureus oteomyelitis. 
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Background: Current surgical treatments for proximal humeral fractures include internal fixation and 

joint replacement. How to choose is still controversial.  

Objective: To collect a 3,4 partial fracture of the proximal humerus using a randomized controlled trial of 

plate internal fixation and joint replacement, and to perform a meta-analysis of the difference in efficacy 

between the two treatments.  

Method: Search Medline (January 1966-December 2013), Pubmed (January 2000 to January 2019), 

Embase (January 2000 to January 2019), Science (January 2000 to 2019 1) Month), Springer (January 

1990 to January 2000), CNKI (2000 to 2018), Wanfang database (2000 to 2018) and other databases on 

the proximal humerus 3,4 fracture plate internal fixation and A retrospective trial of joint replacement 

therapy, including literature that met the criteria, and extracting relevant data into revman5.0 software for 

meta-analysis.  

Results: A total of 7 articles met the inclusion criteria. A total of 460 patients (285 patients underwent 

internal fixation with plate fixation and 175 patients underwent arthroplasty) were included in the English 

literature. The modified Jadad scores were all high-quality studies. Meta-analysis showed that the mean 

Constant was 55.9 (95% CI: 49.7-62.1, P < 0.001), and the Constant score of the plate fixation was lower 

than that of the joint replacement group (P < 0.01). The heterogeneity of the study was significant 

(I2=89%, Q statistic = 112.4, Q=13, P<0.001). In the meta-analysis, the shoulder joint Constant score 

increased with the sex ratio and the bone resorption rate of the tibial tuberosity increased. And falling. It 

is suggested that the treatment of joint displacement of the proximal humerus in the 3rd and 4th fractures 

can obtain a higher Constant score than the internal fixation of the plate. In addition, age, fracture type, 

sex ratio, and complication rate are significant factors influencing the Constant value. Given the 

heterogeneity and variance of the study, more and better randomized controlled trials are needed to 

further demonstrate. 
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Objective：Staphylococcus aureus (S. aureus) is the most common bacterial that causes bone infection 

after trauma or fracture, and it can cause massive bone loss. α-hemolysin plays an important role in bone 

damage caused by S. aureus infection, however, its role in the infectious bone losing in S. aureus 

infection is not clear. In this study, C57BL/6 mice and BMSCs were used to study the effect of α-

hemolysin on bone metabolism. 

 

Method：In order to clarify the effect of α-hemolysin on bone metabolism, 8-week-old mice were 

injected α-hemolysin (5μg/ml, 200μl) by intraperitoneally in 4 weeks, the tibia was analyzed in 

iconography and histologically. In vitro, mouse bone marrow mesenchymal stem cells (BMSCs) were 

extracted and after the cells are fluent, 1ug/ml α-hemolysin, or combined with lipid raft inhibitor(MβCD) 

and EGFR inhibitor（Gefinitib）were added during osteogenic differentiation for 14 days, and using 

alizarin red, von-kossa, H&E, Golder’s stain, TRAP, PCR, WB，immunofluorescence to detect relative 

gene and protein expression. 

 

Result：The study found that α-hemolysin can significantly reduce the BMD, Tb.N and Tb.th in vivo 

from microCT and H&E stain. In vitro, α-hemolysin can down-regulate the expression of osteogenic-

related genes OCN, BSP and RUNX2 and inhibit the formation of mineralized nodules. In addition, α-

hemolysin can activate p-EGFR signaling, and lipid raft inhibitors and EGFR inhibitors can block this 

effect and antagonize the inhibitory effect of α-hemolysin on osteogenic differentiation and 

mineralization of BMSCs. 

 

Conclusion:  The α-hemolysin secreted by S. aureus can activate EGFR signaling in BMSCs through 

lipid rafts and inhibit osteogenic differentiation. 
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Osteoarthritis (OA) is a chronic joint disease characterized by progressive articular cartilage degradation, 

affecting many people globally, especially aging adults. It has been the most pervasive cause of physical 

disability and continues to increase in frequency in the population worldwide. There have been many 

studies exploring treatment options in OA over the past years. However, effective treatment strategies for 

OA are still limited. Hence, identifying new strategies to reduce the incidence and progression of OA 

should be highlighted. 

Joint synovial inflammation and chondrocyte apoptosis associates with OA occurrence. Pro-inflammatory 

cytokine IL-1β, which is considered as one of the most potent catabolic factors, are excessively produced 

in OA joints. IL-1β could induce the production of nitric oxide (NO), which has been considered as an 

important biological mediator of OA. Moreover, it was reported that the content of NO in ECM is related 

to the pathogenesis of OA. 

Magnesium chondroitin sulfate (MgCS) has been fabricated and characterized in this study. We 

investigated its morphology, composition as well as structure. The results verify that the sodium of 

sodium chondroitin sulfate (CS) was successfully replaced by magnesium and formed a polysaccharide-

metal ion complex. To evaluate the clinical potential of MgCS, cell proliferation and apoptosis test were 

conducted. The results reveal that MgCS could effectively increase the proliferation and decrease the 

apoptosis of osteoarthritis (OA) chondrocytes. Moreover, real-time quantitative polymerase chain 

reaction (RT-qPCR) was conducted to evaluate the gene expression level. RT-qPCR analysis suggests 

that MgCS could significantly increase the expression of COLII and decrease the expression of IL-1β and 

iNOS in OA chondrocytes. Furthermore, significant upregulation of Bcl-2 mRNA expression and 

downregulation of the expression of apoptosis related gene p53 were observed. Thus, it is indicated that 

MgCS should have great potentials in OA treatment. 
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Objective The history of pharmacological ascorbate (vitamin C) used for cancer treatment is not long, but 

the process is full of controversy[1,2]. Previous study indicated that the anti-cancer effect of 

pharmacological ascorbate is dependent on the action of ascorbate as a pro-drug for hydrogen peroxide 

(H2O2) generation which involves in the catalytic metals[3]. The objective of this study is to explore that 

the intracellular labile iron affects pharmacological ascorbate-induced cytotoxicity in osteosarcoma cell 

lines.  

Methods In this study, the human osteosarcoma cell lines MG63, MNNG/HOS and U2OS were chosen 

as the experimental objects. Ascorbate, ammonium ferric citrate (FAC) and deferoxamine (DFO) were 

used to treat the cells. After treated by the drugs, cell proliferation ability and cell viability were 

characterized by clonogenic assay and  CCK-8 assay, intracellular GSH and ATP were measured by 

Multi-function microplate reader, intracellular labile iron content and reactive oxygen species (ROS) level 

were measured by flow cytometry, DNA damage  was detected by western blot. 

Results 1) Pharmacological ascorbate could induce cytotoxicity in osteosarcoma cell lines, and cell 

proliferation ability and viability were significantly reduced by pharmacological ascorbate. Catalase could 

significantly inhibit pharmacological ascorbate-induced cytotoxicity. 2) Increasing intracellular labile iron 

enhanced pharmacological ascorbate-induced cytotoxicity， Iron chelators could protect cells from 

pharmacological ascorbate-induced cytotoxicity. 3) Basal level of intracellular labile iron is different in 

different osteosarcoma cell lines, and the higher of basic intracellular labile iron, the more sensitive to 

pharmacological ascorbate. 4) Pharmacological ascorbate reduced intracellular GSH and ATP levels and 

enhanced intracellular ROS level which induced DNA damage, leading to cell death. 

Conclusions Pharmacological ascorbate induced cytotoxicity in osteosarcoma cells by  produced 

hydrogen peroxide, and the intracellular labile iron affected pharmacological ascorbate-indcued 

cytotoxicity in different osteosarcoma cell lines. This study provides new ideas for the treatment of 

osteosarcoma with pharmacological ascorbate. 

Presenting author LF. Zhou, zlf19900919@mail.nwpu.edu.cn 
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Calcium is one of the most important ions in human body and plays a critical role in certain physiological 

functions. Many diseases are related to the dysregulation of calcium in our body. The abnormal calcium 

enrichment, for example, was in up to 60% osteoarthritic articular cartilage (AC). Moreover, the 

abnormal mechanics of AC was also found with the advancement of osteoarthritis. Therefore, it can be 

supposed that calcium should have an effect on the mechanics of AC. In order to prove this assumption, 

the mechanics of collagen fibril that is the main effective composition of AC was investigated under 

different concentrations of calcium (Ca)) at the nanoscale level. The results demonstrate that both of the 

mechanical and structural properties of the collagen fibril show a prominent dependence on Ca. It was 

found that when 2 mM < Ca <= 5 mM, D-band periodicity of the collagen fibril shrank from ~68.41 nm 

to ~63.52 nm; the height difference between overlap and gap regions increased from ~2.21 nm to ~3.02 

nm; and the elastic modulus increased from ~0.98 GPa to ~1.53 GPa. However, with further increasing 

Ca from 5 mM to 20 mM, D-band periodicity and elastic modulus levelled off; the increasing trend of the 

height difference remained unchanged. The mechanism of Ca-dependence of the collagen fibril was 

attributed to the chelation between collagen monomers and the calcium ions. Given the role of calcium in 

the pathology of osteoarthritis, the current study may cast new light on the understanding of osteoarthritis 

and other soft tissue hardening related diseases in the future. 
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Bone substitute materials are demanded to support the remolding process, which includes resorption 

caused by osteoclasts and ossification caused by osteoblasts. Osteoclasts, differentiated from hemopoietic 

mononuclear cells, are able to resorb the bone mineral precisely and effectively. In this study, we 

evaluated the effects of calcium phosphate cement (CPC) with a series of Ca/P ratios (1.4，1.5 and 1.67 

theoretically) to the process of osteoclastogenesis and the resorptive activity. The process to the formation 

of mature osteoclast, adhesion, fusion and resorption were estimated using bone marrow monocytes 

(BMMs), supplement with the receptor activator of nuclear factor κβ ligand (RANKL) and macrophage 

colony stimulating factor (M-CSF)[1,2]. All groups presented the TRAP-positive osteoclasts, which 

showed actin ring and multiple nuclei clearly, after culturing BMMs for 3 and 7 days. Furthermore, 

osteoclastogenesis and resorptive activity were promoted on the surface with a higher ratio of Ca/P. 

During the differentiation of osteoclasts, RT-PCR results showed that the higher ratio of Ca/P could up-

regulate the expressions of osteoclast relevant genes, such as TRAP, OSCAR and NFATc1. Elisa results 

also demonstrated that osteoclasts on CPC surface with the higher Ca/P ratio could express more receptor 

activator of nuclear factor κβ (RANK). The ICP-OES results indicated osteoclasts in higher ratio of Ca/P 

groups could express higher level of resorptive activity. All groups of CPCs supported the differentiation 

and functionalization of osteoclasts, but significantly varied with the ratios of Ca/P. Those phenomena are 

highly possibly relevant to the ion release of phosphate, the higher ratio of Ca/P separated out less 

phosphate. In summary, our study demonstrated a new method to modulate osteoclasts differentiation and 

functions by regulating Ca/P ratio in CPC and to meet clinical requirements. 

 
Figure 1. In vitro evaluation of the osteoclasts differentiation on CPC groups. (a) TRAP staining of CPC 

groups. (b) quantitative results of osteoclasts on CPC groups (c) quantitative results of osteoclast activity 

on CPC groups. **p < 0.01 compared to 1.4CPC, ##p < 0.01 compared to 1.5CPC. 
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Osteosarcoma (OS) metastasis is characterized by complex molecular events. The role of metabolic 

alterations, or “metabolic reprogramming”, that may similarly contribute to metastasis. Indeed, our 

previous investigations in OS identified metabolic changes uniquely linked to metastasis. By comparing 

the identity and level of the metabolites between high/low metastatic cells, we found the polyamines 

pathway was identified to be differentially activated by LC-MS. In highly metastatic cells, ornithine 

levels were significantly diminished in both species. Ornithine is an important intermediary in the urea 

cycle and the production of polyamines. Western blot results showed ODC, the limited enzyme of 

polyamines, was overexpressed in highly metastatic cells. Then, we found inhibition of ODC/polyamines 

pathway could modestly suppress OS cells growth and metastasis. To observe if the cellular metabolism 

of highly metastatic cells was affected by dysregulation of the polyamines pathway, untargeted 

Metabolomics were measured with NMR, after ODC inhibitor DMFO exposure. The results showed the 

glutaminolysis pathway was markly changed by DFMO, which may be associated with c-Myc gene. On 

the basis of these observations, we will analyze the mechanisms of ODC/Polyamiens in regulation of 

glutaminolysis metabolism in OS and how this pathway might influence of the growth and metastasis of 

OS. In this study, We further demonstrated our findings to evaluate the role of ODC signaling as a 

potential target for OS treatment as well as a diagosis or prognosis marker in OS.  
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The overexpression of multidrug resistance (MDR)-related protein P-glycoprotein (PGP1), which actively 

extrudes chemotherapeutic agents out of cells and significantly decreasing the efficacy of chemotherapy, 

was viewed as a major obstacle in osteosarcoma chemotherapy. Anlotinib, a novel tyrosine kinase 

inhibitor (TKI), has been approved in phase III clinical trials in China and in phase II clinical trials in the 

USA for the treatment of a variety of cancers. Cellular assays in vitro and in vivo were performed to 

evaluate the multidrug-resistant reversal effects of anlotinib on the osteosarcoma MDR cell lines. Drug 

efflux and intracellular drug accumulation were measured by flow cytometry. The vanadate-sensitive 

ATPase activity of PGP1 was measured in the presence of a range of different concentrations of anlotinib. 

The protein expression level of ABCB1 were detected by Western blotting and Immunofluorescence 

analysis.Our results showed that anlotinib significantly increased the sensitivity of KHOSR2 and 

U2OSR2 cells (which overexpress PGP1) to chemotherapeutic agents in vitro and in a KHOSR2 

xenograft nude mouse model in vivo. Mechanistically, anlotinib increases the intracellular accumulation 

of PGP1 substrates by inhibiting the efflux function of PGP1 in MDR cell lines. Furthermore, anlotinib 

stimulated the ATPase activity of PGP1 but affected neither the protein expression level nor the 

localization of PGP1. In animal studies, anlotinib in combination with DOX significantly decreased the 

tumor growth rate and size in the KHOSR2 xenograft nude mouse model.Overall, our findings suggest 

that anlotinib may be useful in circumventing MDR to other conventional antin  eoplastic drugs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Effect of anlotinib on the reversal of drug resistance 
in MDR osteosarcoma cell lines.  

 

Fig 2. Potentiation of the antitumor effects of DOX by 

anlotinib in a KHOSR2 xenograft model in athymic nude 

mice. 

.  
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Objective. Previous study indicated that high static magnetic field (HiSMF) could affect iron metabolism 

in various cells. Excessive iron has cytotoxicity and inhibits cell proliferation. The objective of this study 

is to explore the effect of HiSMF on osteosarcoma in vitro and in vivo. 

Methods The magnetic field strength of the HiSMF is between 10 T for the in vitro experiment and 1- 2 

T for in vivo study. In this study, the human osteosarcoma cell lines U-2 OS and MNNG/HOS were 

chosen as the in vitro experimental objects, the K7M2 cells lines and BALB/c mice were chosen for the in 

vivo study. Exposing to magnetic field, the cell proliferation ability, colony formation ability, cell 

viability, the expressions of iron metabolism related genes, intracellular iron content and LIP (labile iron 

pool) level were characterized by BrdU staining assay, clonogenic assays, CCK-8 assays, Western Blot, 

atomic absorption spectroscopy and flow cytometry, respectively. The body weight and osteosarcoma 

tumor growth were measured every 2 days. 

Results 1) the proliferation and viability of human osteosarcoma cell lines MNNG/HOS and U-2 OS has 

been significant suppressed by HiSMF exposure for 48 h. 2) After 48 h HiSMF exposure, the intracellular 

iron content and LIP had significantly increased; the expression of NCOA4 and FPN had significantly 

decreased. 3). 48 h HiSMF exposure did not cause apoptosis in osteosarcoma cells, but the cell cycle had 

been arrested at G2/M phase. 4) The effect of 1 h per day HiMSF exposure could inhibit osteosarcoma 

growth in mice.  

Conclusions The HiSMF cannot directly cause osteosarcoma cell death, but could suppresses 

osteosarcoma cell proliferation and arrests cell cycle at G2/M phase. HiSMF has potential as a physical 

aid to the treatment of osteosarcoma. 
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Accumulating evidence suggests that oxidative stress plays an important role in the progression of 

osteoarthritis (OA), and pyrroloquinoline quinone (PQQ) is considered a strong antioxidant. However, it 

is unclear whether PQQ can prevent the progression of OA by inhibiting oxidative stress. In this study, 

anterior cruciate ligament transection (ACLT)-induced OA mice received a diet supplemented 

with/without PQQ, and were compared with each other and with sham-operated mice. Our results showed 

that in PQQ-untreated OA mice, articular surfaces collapsed, while the thickness of articular cartilage and 

the abundance of cartilage matrix protein decreased significantly, whereas PQQ supplementation largely 

prevented these alterations. We also found that ROS levels were increased, while protein levels of SOD2, 

peroxiredoxin 1 (Prdx1) and peroxiredoxin 4 (Prdx4) and mRNA levels of antioxidant enzymes, 

including SOD1, SOD2, GPX4, GSR and CAT were significantly reduced in PQQ-untreated ACLT mice 

compared with the sham-operated group. The percentages of chondrocytes positive for -H2AX, 8-

OHdG, β-gal, p16INK4a, IL-1α, IL-1β, MMP-3, MMP-13 and the protein levels of -H2AX, p16INK4a and 

the gene expression levels of IL-1α, IL-1β, IL-6, MMP-3, and MMP-13 were increased significantly in 

the articular cartilage of PQQ-untreated ACLT mice compared with the sham-operated mice. However, 

these parameters were obviously rescued in PQQ-treated OA mice. This study demonstrated that PQQ 

supplementation can prevent ACLT-induced OA by inhibiting oxidative stress, DNA damage, cell 

senescence and the development of the senescence-associated secretory phenotype. Our results from this 

study provided experimental evidence of another pathway for the clinical application of PQQ, suggesting 

that PQQ could be considered as a potential therapeutic agent for OA prevention and treatment. 
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THE ROLE OF NEUROGENESIS IN BONE REGENERATION 
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It has long been known that nerves go with blood vessels in the bone tissue. Both sensory and 

sympathetic nerve fibers, as well as several neurotransmitters and their receptors, have been observed in 

bone and bone marrow. Neuron-derived secreted factors such as has been found to induce both in vitro 

osteogenesis and in vivo bone healing. Also, it has been identified that functional and direct neurological 

connections between the hypothalamus and bone exist, suggesting mutual regulations between the 

nervous and the skeletal systems; while for a long time these peripheral nerves have been ignored in bone 

healing. The current study aimed to find the possible regulation of neurons on bone formation, therefore 

providing new insights into the field of bone tissue regeneration. Our results showed that the mRNA 

levels of neuronal and axonal genes were up-regulated during the early stage of bone regeneration in vivo, 

which were positively related with the mRNA levels of osteogenic genes according to RNAseq analysis. 

Neuronal regeneration and axonal elongation were observed during bone repair in vivo, suggesting a 

possible crosstalk between neurogenesis and osteogenesis. In vitro differentiated neuronal cells were 

found to improve the differentiation and mineralization of osteoblasts, which was achieved through 

secreted factors such as brain-derived neurotrophic factor (BDNF), as well as functional exosomes, which 

regulating osteogenesis via modulation of glycolytic metabolism. In accordance with the in vitro results, 

inducing neuronal regeneration was found to benefit bone regeneration in vivo, indicating the importance 

of neurogenesis in bone healing. Therefore, the current study provides a novel strategy for bone tissue 

engineering.  
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TGF-β and FGF-2/FGFR1signaling play vital role in cartilage homeostasis and OA development. 

However, the crosstalk between TGF-β and FGFs signaling pathways and its role in the regulation of 

cartilage homeostasis and OA development remains unknown. To explore the roles and mechanisms of 

TGFbeta/ALK5 signaling in the homeostasis of and OA development in adult stage, we inactivated the 

TGF-β/ALK5 signaling of mice in chondrocyte in adult stage by injecting with tamoxifen. In the 

phenotype analysis study, we found conditional deletion of Alk5 in cartilage of adult mice exhibits a 

progressive osteoarthritis(OA)–like phenotype, and loss of ALK5 signaling increases catabolic factors 

and decreased anabolic factors in articular chondrocytes. Furthermore, our results showed that deficiency 

of TGFβ1/ALK5 increases FGFR1 expression and enhances the sensitivity to FGF2 in articular 

chondrocytes. In the mechanical study, we found that TGF-β1/ALK5 suppresses FGFR1 expression at 

transcription level. By constructing the reporter vector containing FGFR1 promoter and using different 

inhibitors to classical and non-classical TGF/Samd signaling pathway, we found that TGF-β1 signaling 

pathway repression the expression of FGFR1 via non-Smad cascades in chondrocytes. At the same time, 

we found that loss of ALK5 signaling decreases the expression of Sp1 and TGF-β1 treatment enhanced 

the phosphorylation of Sp1. More importantly, we found that knockout of FGFR1 in adult stage rescue 

the OA-like phenotypes in ALK5 knockout mice and blocking FGFR1 signaling pathway attenuates the 

OA-like phenotypes in ALK5 knockout mice in adult stage, suggesting that blocking FGFR1 signaling 

may be a useful treatment strategy for TGF β1 signaling pathway-associated OA. 
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Ferroptosis is a newly discovered type of cell death that differs from traditional apoptosis and necrosis 

and results from iron-dependent lipid peroxide accumulation. Ferroptosis can be induced by three main 

pathways as GPX4 inhibition, lipid peroxidation and iron overload. Rapidly proliferating cancer cells 

often contain more iron than normal cells and, perhaps for this reason, are more sensitive to ROS stress. 

In this study, we found dihydroartemisinin(DHA), a classic anti-malarial drug, can induce ferroptosis via 

GPX4 inhibition and accumulation of free iron in liable iron pool(LIP). Furthermore, these free iron were 

released from ferritin via p53 mediated ferritinophagy in DHA treated osteosarcoma cells. High level of 

iron induced by DHA can trigger accumulation of lipid ROS and lysosome damage, which induces 

ferroptosis and autophagic blockage of osteosarcoma cells. Iron dextran is a type of iron supplement 

commonly used to treat tumor-associated anemia in clinic which increases cellular iron and systemic iron 

concentration. Iron is found in all mammalian cells and is required for cell growth and division. However, 

iron levels must be tightly controlled, as iron can catalyse the formation of toxic reactive oxygen 

species(ROS). In this research, iron dextran contributes DHA induced ferroptosis via promoting p53 

mediated ferritinophagy activation and GPX4 inhibition. Iron dextran is a good adjuvant for DHA in 

osteosarcoma treatment. 
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EFFECT OF VARUS ANGEL ON PROGRESSION OF OSTEOARTHRITIS AND CHANG OF 

SUBCHONDRAL BONE MICROSTRUCTURE 
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Purpose: Most patients with osteoarthritis have varus knee deformities with the change of Hip-knee-

ankle (HKA) angle. The knee alignment influences load distribution at the tibial plateau. Meanwhile, 

change of subchondral bone microstruture is related to load bearing and osteoarthritis progression. 

However, the relationship between malalignment and the microstructural changes of subchondral bone 

has not yet been verified thoroughly. We aimed to investigate variation in medial tibial plateaus 

subchondral bone microstructure in knee osteoarthritis patients and their association with the severity of 

osteoarthritis with the change of varus angle. 

Methods: Tibial plateaus were collected from patients with end-stage knee osteoarthritis undergoing 

primary total knee arthroplasty (TKA). The varus angle (HKA angle) and Kellgren and Lawrence (K-L) 

grade was evaluated with full-leg standing posteroanterior radiographs. Tibial plateaus were divided into 

group A (varus angle≥10) and B (varus angle＜10) according to whether the varus angle is greater than or 

equal to 10 degrees. Tibial plateaus were scanned by micro-computed tomography to analyze subchondral 

bone microstructure. The differences in microstructural parameters between the two groups were 

analyzed by the independent samples t-test. Pearson and spearman correlations were used to examine 

relationships among microstructural parameters, varus angle and K-L grade. 

Results: Group A had higher bone volume fraction (p<0.05), trabecular number (p<0.05), connectivity 

density (p<0.01) and lower trabecular separation (p<0.01) than group B. In addition, varus angle was 

significantly positively correlated with bone volume fraction (r=0.71, p<0.01) and trabecular number 

(r=0.63, p<0.01), respectively, and negatively correlated with trabecular separation (r=-0.59, p<0.05). 

Furthermore, the varus angle was significantly positively correlated with K-L grade (R=0.58, p<0.05). 

Conclusions: Increasing varus angle lead to severe knee osteoarthritis and sclerosis of medial tibial 

plateau subchondral bone, suggesting that abnormal malalignment may promote abnormal subchondral 

bone remodeling by altering joint load distribution, thereby affecting the progression of osteoarthritis. 
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CHARACTERIZATION OF PEEK/HA COMPOSITES FABRICATED BY HOT PRESSING 
 

Zhenjian Li, Bin Tang* 

Department of Biomedical Engineering, Southern University of Science and Technology, Shenzhen 

518055, China 

 
Polyetheretherketone (PEEK) is an ideal substrate-material for the fabrication of synthetic bone grafts 

because of its excellently mechanical and chemical resistance properties. However, pure PEEK does not 

meet the requirements of clinic, and the traditional modified method will reduce the mechanical 

properties of PEEK. In this study, nano hydroxyapatite (HA) powder particles were compounded with 

PEEK by hot pressing to improve its bioactivity and superficial elasticity modulus. HA was extensively 

used in biomaterials because of its excellent biocompatibility, and it is the major inorganic constituent of 

skeleton. Compared with generic metallic or ceramic bone graft materials, the advantages of PEEK are 

light, biocompatible and abrasive-resistant. The application of hot pressing can combine HA with PEEK 

efficiently and economically. HA has higher elasticity modulus and it was mosaiced on the surface of 

PEEK substrate, which resulted in the promotion of elasticity modulus at the nanoscale level. In order to 

determine the presence of HA, fourier transform infrared spectroscopy (FTIR), scanning electron 

microscope (SEM) and energy dispersive spectroscopy (EDS) were used to character the modified PEEK. 

The superficial elasticity modulus was measured by nanoindentation, which increased about 40%. 

Moreover, the crystallization of PEEK was consistent after hot pressing through the result of differential 

scanning calorimeter (DSC). The processes of hot pressing did not have impact on the overall materials. 

These results exhibited that we had successfully obtained PEEK/HA composites by hot pressing. This is a 

novel and convenient way to fabricate composites, which can be also employed for multiple kinds of 

materials. 
 
 
 
Zhenjian LI, lizj@mail.sustech.edu.cn 
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SCREENING KEY FACTOR FROM SENSORY NERVES REGULATING ON MACROPHAGE 

IN PROMOTING BONE DEFECT HEALING AND ITS MECHANISM 

Junqin Li, Huijie Jiang, Liu Yang, Guoxian Pei 

Department of Orthopedics, Xijing Hospital of the Air Force Medical University 

 

To investigate the mechanism of bone defect healing is of great significance for taking corresponding 

measures to promote the bone defect healing. Macrophages, as one of the essential factors in the process 

of bone defect healing, can promote bone formation and inhibit bone absorption. However, the factors 

regulating macrophage during bone repair is not known. Nerves can manipulate balance of the 

differentiation of bone cells and macrophages, and can also promote bone repair. 

In the previous study, it was found that sensory nerve can promote bone defect healing significantly, 

while motor nerves did not have an evident role. In this study, we used iTRAQ to compare the differential 

expression proteins in sensory and motor nerves, and anticipate to obtain the functional neuropeptide 

regulating on macrophages. We found 19 factors expression in sensory nerves significantly higher than in 

sciatic nerve. By literature review, we focused on MIF ——macrophage migration inhibitory factor，
which can affect migration and phagocytosis of macrophages, and also closely related with bone repair. 

We further used rat tibia drilling model as subject to detect distribution of MIF during bone repair, found 

MIF abundantly distributed in the lysosomes of macrophages, showing macrophage englobe MIF; the 

macrophages comprised MIF distributed in bone repair active region, such as bone remodeling region 

around trabecular and also around blood vessels; the cells are abundant in primary callus stage than 

mature callus stage. These results indicate that MIF is involved in the regulation of macrophage in 

promoting bone defect healing, and the regulation may through endocytosis of macrophage. 
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LRP1 FUNCTIONS AS AN INFLAMMATORY SUPPRESSOR IN BOTH THE OSTEOBLAST 

AND OSTEOCLAST LINEAGES DURING BONE HOMEOSTASIS 

Di Lu1, Jianshuang Li1, Huadie Liu1,2, Gabrielle E. Foxa1, Kevin Weaver1, Jie Li1,2, Bart O. Williams1, 
Tao Yang1,3 

1Program of Skeletal Disease and Tumor Metastasis, Center for Cancer and Cell Biology, Van Andel 

Research Institute, 333 Bostwick Ave. N.E., Grand Rapids, MI 49503 
2State Key Laboratory of Medical Genetics and School of Life Sciences, Central South University, 

Changsha, Hunan, 410078, P. R. China 

The identification of genetic locus associated with abnormal bone mass had greatly advanced our 

understanding of the mechanistic basis of bone remodeling and increased our repertoire to treat low bone 

mass. SNPs in the LRP1 (low-density-lipoprotein receptor–related protein 1) gene was found to 

associated with low bone mineral content and density1, providing a rationale to study the functions and 

mechanisms of LRP1 in bone homeostasis. LRP1 is a large transmembrane protein primarily known to 

mediate the clearance/endocytosis of lipoproteins and protease–protease inhibitor complexes 2,3. It is also 

involved in signaling transduction by modulating the availability of extracellular signaling ligands or 

receptors 4,5.  The low bone mass associated with LRP1 SNPs can be the consequence of aberrant 

activity/homeostasis of osteoblast lineage and/or osteoclast lineage, as well as the dysregulated 

communication between osteoblasts and osteoclasts. We recently found that LRP1 expression is 

decreased alone with the course of osteoclast differentiation. Also, osteoclast-expressed LRP1 lessens the 

efficiency of RANKL-induced osteoclastogenesis and bone resorption by inhibiting the activity of NFκB 

and p386, which are two essential pathways involved in the inflammatory responses7,8. This is in line with 

several findings in other contexts that LRP1 is a multifaceted inflammatory suppressor in other contexts 
9,10. In addition, previous in vitro studies by other groups showed that LRP1 plays a role in osteoblast 

proliferation11 and in strengthening the bone matrix12,13, etc. In addition, a recent report suggested that 

LRP1 regulates RANKL production in osteoblasts through modulating PDGF signaling14. To father 

understand the role of mesenchymal and osteoblast lineage-specific function of LRP1 in bone 

homeostasis, we generated conditional KO mouse and ex vitro models, and showed that LRP1 loss in the 

osteochondroprogenitors leads to severe limb development defects and low bone mass. Also, LRP1 loss 

in the committed osteoblasts causes a low bone mass phenotype with attenuated bone formation and 

elevated bone resorption. The mutant osteoblasts exhibit augmented NFkB signaling and over produce 

inflammatory cytokines, mimicking the inflammatory bone loss conditions. Overall, our studies suggest 

that LRP1 is an inflammatory suppressor in both the osteoblast and osteoclast lineages. This knowledge 

may be translated to novel therapies for treating inflammatory bone loss or other inflammatory diseases 

by modulating LRP1 expression or activity. 

Reference: 
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Med Chem 5, 921-928 (2005). 9.Proc Natl Acad Sci U S A 113, 1369-1374 (2016). 10.Exp Ther Med 10, 
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Objective: This meta-analysis compares the accuracy and safety of robot-assisted and fluoroscopy-

guided pedicle screw placement.  

Methods: The study included clinical trials published both at home and abroad from 2008 to 2018. The 

retrieval was performed in the online databases include Embase, Pubmed, Central, CNKI, CQVIP, 

Wanfang Data, CBM, etc. Keywords used for search were: robot assisted, fluoroscopy guided, 

conventional, freehand, pedicle screw. Search strategy was: pedicle screw AND robot assisted OR 

fluoroscopy guided OR conventional OR freehand. After the data were extracted, statistical software 

Review manager5.3 was used for data-analysis.  

Results: Based on the above search strategy to search papers, a total of 6 trials were included. By 

comparison, it was found that the accuracy of placement in the robot-assisted group was better than that 

of the fluoroscopy one [95%CI（1.55, 4.06）, p=0.0002], while the radiation intensity in the fluoroscopy 

group was lower [95%CI（0.42, 0.82） , p<0.001], and the difference was statistically significant. 

However, the incidence of complications in the robot-assisted group [95%CI（0.23, 4.65）, p=0.96] and 

revised surgery [95%CI（0.03, 3.17）, p=0.33] were not statistically significant compared with the 

fluoroscopy group, and the intraoperative fluoroscopy time was similar in the two groups [95%CI（-

38.55, 78.26） , p=0.51]. Postoperative back pain [95%CI（ -0.58, 0.38） , p=0.68], leg pain score 

[95%CI（-0.20, 0.19）, p=0.94] and operation time of the two groups [95%CI（-6.33, 53.02）, p=0.12] 

were also similar, and the differences were not statistically significant.  

Conclusions: Robot-assisted has higher pedicle screw placement accuracy, especially under percutaneous 

conditions. Inevitably, the intraoperative radiation intensity is also more than conventional fluoroscopy. 
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Objective: To compare the efficacy of unicompartmental knee arthroplasty in osteoarthritis patients using 

robotic-assisted or traditional manual methods by meta analysis systematically. 

Methods: We searched for clinical control studies published from 1999 to March 2019. The retrieved 

databases included Embase, Pubmed, CNKI, CQVIP, Wanfang, Cochrane Library, CBM and other 

databases. Five outcomes including tibial component implantation accuracy, femoral component 

implantation accuracy, tibiofemoral component safety zone, operation time and adverse events were 

selected to  compare the efficacy differenes between robotic-assisted techniques and traditional manual 

methods systematically. 

Results: According to the above retrieval strategies, 8 foreign literatures were included. By comparison, 

we found that the robotic-assisted unicompartmental knee arthroplasty was superior to manual methods in 

the accuracy of tibial component placement [95%CI (-2.13, -0.63), P=0.0003],  femoral component 

placement [95%CI (-2.49, -0.32), P=0.01] and the  tibiofemoral component safety zone [95%CI (1.05, 

17.57), P=0.04]with significant statistical difference. Although robotic assistant technology takes longer 

operation time [95%CI (12.58, 42.33), P=0.0003], it does not increase the incidence of complications 

[95%CI (0.75, 3.71), P=0.21]. 

Conclusion: In unicompartmental replacement surgery, robotic-assisted technique is considered to be 

superior to manual methods, because of better postoperative radiational outcomes and similiar adverse 

events. The clinical outcomes between two groups need to be verified by more randomized controlled 

studies with higher sample size and quality.  
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MATERIAL WITH LOW-TEMPERATURE PHOTOTHERMAL THERAPY ABILITY OF 
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Xiangyu Deng,Zengwu Shao 
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Keywords: Near‐infrared (NIR) - light , osteosarcoma, low-temperature photothermal therapy 

Aim: As the most malignant bone tumer, osteosarcoma have a relatively low survival rate and patients 

have to face huge pain, which means the new therapy of osteosarcoma faces enormous challenges. 

Photothermal therapy have the ability to kill tumer cells at the temperature of about 50℃, which also 

have a damage effect on normal issue. How to balance this contradiction to kill tumer cells and protect 

normal cells at the same time is what we want to solve in this research. 

  

Methods: We firstly design and synthesis the new materials with graphene oxide, folic acid, FITC and 

most importantly, SNX-2112, the HSP90 inhibitor, to detect its anti-tumur effect when the degree is 43-

45℃. CCK8, apoptosis rate and cell electron micrograph have been used to ensure its osteosarcoma 

damaging effect. Transmission electron micrograph, AFM imaging, fourier infrared diffraction were used 

to detect the characteristics of materials. We also did some animal experiments to ensure its antitumor 

activity in vivo and detected the target function by small animal living imaging. 

  

Results: TEM detection and Particle size detection showed that the diameter of Graphene sheet is about 

200-300nm, Fourier infrared spectroscopy showed folic acid, SNX-2112 and FITC have all been loaded 

on GO. CCK8 and apoptosis rate showed that after the Near‐infrared (NIR) - light treat of 2 minutes, the 

temperature reached 45℃ and almost 90% cells apoptosis at this process. However, as for the GO with no 

SNX-2112, the temperature also can reach about 45℃but have only 60% cells apoptosis. Animal 

experiments also gave similar results and animal living imaging confirmed the targeted function of this 

materials. The GO-SNX-2112 can significantly inhibit tumor grow at the temperature of 45℃ while GO 

with no SNX-2112 have no significant inhibition effect. 

 

Conclusion: GO-SNX-2112 can induced apoptosis of osteosarcoma cells and inhibit osteosarcoma grow 

in vivo at the temperature of 44-45 ℃ , which have no obvious damage to normal issue. 
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MTOR REGULATES SOX9 TO COORDINATE CARTILAGE GROWTH AND 

DIFFERENTIATION 

Yidong Ding, Youjia Xu 

Keyword：mTOR；Chondrocyte；Chondrogenesis；sox9 

Background：Chondrocytes are important for bone formation and maturation，although chondrocytes 

and osteoblasts these two tissues have their own unique biological properties. mTOR signaling pathway 

plays a role in many physiological processes， involving in the development and differentiation of 

cartilage, however this mechanism remains largely unknown. Herein, we use zebrafish to study how the 

mTOR signaling pathway involves in the process of cartilage growth and differentiation, and to explore 

its mechanism of chondrocytes affecting osteogenesis. More importantly, we want to find new 

mechanism of osteoporosis. 

Methods：1dpf WT (Wild Type) zebrafish were cultured in normal growth medium or three groups of 

Rapa（rapamycin）treatment. Then we used alcin blue to stain these 4, 5, 6dpf zebrafish larvaes, the 

number and size of chondrocytes were also monitored. qRT-PCR was used to detect the key 

chondrogenic genes SOX9 and cartilage marker ACAN, Col2a1.We also tested these proteins in both 

osteoporosis patients and no osteoporosis patients after cell experiment. 

Result：1. As assessed by Alcian blue staining, we find that cartilage slowes down more significantly 

when we make the drug concentration increasing higher.2. We measure the cell number and the 

proportion of ceratohyal cartilage, and find they decrease with the increase of Rapa concentration. The 

number of hypertrophic chondrocytes decreases, so does the average area of chondrocytes.3. qRT-PCR 

results show that the cartilage marker genes SOX9,ACAN and Col2a were also significantly reduced after 

Rapa treatment. 4.We found these SOX9,ACAN and Col2a decrease to some degree in osteoporosis 

patients. 

Conclusion：mTOR pathway not only inhibits the growth and differentiation of zebrafish osteoblasts, 

but also decrease the expression of sox9——a key gene for chondrogenesis, which may delay the 

differentiation of cartilage to osteogenesis. New ideas were expounded for the study of the occurrence 

factors of osteoporosis, and new methods were provided for the treatment of osteoporosis. 
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MEASUREMENT AND CLINICAL SIGNIFICANCE OF C-TELOPEPTIDE OF TYPE Ⅱ 

COLLAGEN IN SYNOVIAL FLUID OF OSTEONECROSIS OF FEMORAL HEAD 

Chen Leilei，He Wei，Zhagn Qingwen，Chen Zhenqiu，Chen Da，Li Ziqi 
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Objective To explore the relationship between the level of C-telopeptide of typeⅡcollagen ( CTX-Ⅱ) in 

the synovial fluid and the cartilage lesion of osteonecrosis of the femoral head( ONFH)． Methods The 

synovial fluid liquid ( 2－ 5 ml) of 38 ONFH patients ( 43 hips) and six ( four hips，two knees) negative 

patients were extracted in the operation．The CTX-Ⅱin the synovial fluid was measured by the double 

antibody sandwich enzyme-linked immunosorbent assay ． The differences and correlation were 

compared between the groups．Ｒesults The CTX-Ⅱof the ONFH groups was significantly higher than 

that of the negative group． There was no significant difference ( P＞0. 05) between the stage Ⅲ A 

group and the negative group． The differences among the stage ⅢB group，the stage ⅢC group and 

the negative group were statistically significant by paired comparison ( P＜ 0. 01 )．There was 

statistically significant difference ( P＜0. 05) between any two groups of stage Ⅲ．There was no 

significant difference ( P＞0. 05) between the less-than-six-month group and the negative group． The 

CTX-Ⅱ results in the 6－11 months group and the over-12-month group were higher than the negative 

group，and the difference was statistically significant ( P＜0. 01)． The patients in the less-than-six-

month group had lower CTX-Ⅱ level than the patients in the 6－11 months group and the over-12-month 

group; the differences were statistically significant (P＜ 0. 05)．There was no significant difference ( P 

＞0. 05) between the 6－11 months group and the over-12-month group．As for the etiology groups，

there was no statistically significant difference ( P＞ 0. 05) ． The spearman rank correlation coefficients 

of the CTX-Ⅱ level in the ONFH joint fluid with collapse extent，pain duration and etiology were 0. 

943，0. 595 ( P ＜ 0. 01 ) ，0. 112 ( P ＞ 0. 05 ) ，respectively． Conclusion CTX-Ⅱ in the ONFH 

joint fluid can be used as a biomarker reflected the degree of articular cartilage lesion，and the 

assessment can provide a guidance for the treatment of ONFH． 
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APPLICATION OF ANTHROPOMETRIC DATA OF CHINESE KNEES FOR THE 

DEVELOPMENT OF PERSONALISED TOTAL KNEE REPLACEMENT PROSTHESIS 

Chun-Sing Chui1, Jiang-Hui Qin1, Du-Fang Shi1, Kwok-Sui Leung1, Wing-Hoi Cheung1 

1Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong, China 
 

Currently, most total knee replacement prostheses (TKR) in the market are designed according to the 

sizes of Caucasians. However, extensive studies have indicated that anatomies of human are different 

across different ethnicities. A number of reports have indicated that Chinese TKR patients do not match 

with available prostheses.   

CT images of 52 knees were included for anthropometric measurements. Index measurements and 

geometric measurements were defined and used for correlation analysis. Key parameters from the 

measurement results were identified. Detailed geometries of knees were measured as coordinates. A 

deformable 3D knee model based on anatomical coordinates correlating the identified key parameters was 

thus resulted. Prosthesis was then designed according to the analyzed results (Fig.1). Surface matching 

analysis, bone resection analysis and cadaveric trials were conducted to validate the proposed design. 

The reconstructed femoral condylar surface was compared with the femoral condylar surface in the 

original CT scanning data. The average root-mean-square point-to-surface (PS) distances of the 

reconstructed femoral condylar surface among all data was 1.1±0.18 mm which was comparable to other 

statistical shape modeling methods. Femoral component designed by this study was resulted with the 

highest accuracy (RMS PS 1.108±0.20 mm) and the least amount of resected bone volume (28138 mm3) 

among the three identified products.  

There is a need in providing a Chinese population anthropometric based knee prosthesis for Chinese 

patients. Based on the Chinese population anthropometry, our new design can fit better in Chinese 

patients compared to the current commercial prosthesis, and provide similar biomechanical properties as 

normal knees. 

 

Fig.1 Anthropometric measurement and TKR prosthesis design 
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Aims: Rotator cuff tear (RCT), frequently caused by trauma and ageing-related degeneration, fails to heal 

even surgically repaired. Aberrant fibrovascular tissue deposition, obvious bone loss, but rare fibro-

cartilage formation are common pathological characteristics. It remains a great challenge for orthopaedic 

surgeons to develop innovative strategies for improving the outcome of RCT. Recently fibrosis has been 

recognized as a general feature leading to organ failures. The current study aims to: (1) investigate if there 

is a specific subset of fibroblasts attributing to the poor healing of surgically repaired rotator cuff; (2) 

validate if small molecule targeting Smad3 signaling could effectively enhance the healing of RCT. 

Methods: After obtaining the ethics approval from our intuitions, under general anesthesia, the right side 

of rat supraspinatus tendon was fully dissected from its original footprint and acutely re-sutured to the 

bleeding area with fibrocartilage completely removed. The supraspinatus tendon-humerus complex was 

collected at week 2, 4, and 8. The left shoulders were used as controls. Fresh samples were prepared to 

isolate cells for flow cytometry. Fixed samples were processed for micro-CT, histological analysis, and 

biomechanical tests. Another two groups of animals received local injection (once per day, for 14 days) of 

SB-431542 and SIS-3, inhibitors for TGF-β receptor and Smad3 respectively. In addition, specific 

settings of co-culture experiments were also conducted in vitro, to identify the effects of the sorted 

fibroblasts on the differentiation of bone marrow mesenchymal stem cells (BMSCs). 

Results: Flow cytometry shows that RCT animals presented with a significantly higher proportion of 

cells positively stained of fibroblastic markers, CD26, S100A4, and CD10, at all the tested time points. 

We also further confirmed that a majority of these cells were Sclerostin+ cells. This sorted subpopulation 

of cells significantly reduced both the osteogenic and chondrogenic differentiation of BMSCs in vitro. 

Immunohistochemical staining indicates that after RCT was established, TGF-β receptors were increased, 

apart from confirmed expression of Sclerostin in the aberrantly distributed fibroblasts at the site between 

tendon and bone surface. Both SB-431542 and SIS-3 significantly reduced the number of Sclerostin+ 

fibroblasts. However, SIS-3 treatment displayed with better bone quality and biomechanical strength, than 

SB-431542 treated group. A potential explanation for this phenomenon is that the functions of TGF-β 

signaling pathways may be not just limited to induce fibrosis. Instead, as we known, other Smads 

regulated by TGF-β are essential for bone formation. 

Conclusions: To our knowledge, for the first time, we have identified a new subset of Sclerostin-

expressing fibroblasts playing inhibitory role in the repair of RCT. More importantly, we have also 

validated that targeting Smad3 signaling using SIS-3 can significantly reduce the presence of this specific 

fibroblast subset and thus greatly improve the healing of RCT. 

 

Acknowledgements: We acknowledged the supports from National Natural Science Foundation of China 

(81802152) and the SMART program (Institute of Innovative Medicine, CUHK). 

 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

368 
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Purpose: Osteosarcoma is the most common primary malignant bone tumor in children and adolescents. 

However, the mechanism underlying osteosarcoma tumorigenesis and progression remains largely 

unknown. In this study, we aimed to investigate the role of AHA1 in osteosarcoma progression and 

identify effective prognostic biomarkers for osteosarcoma patients. 

Methods: AHA1 expression was determined in osteosarcoma tissues and analyzed for the relationship 

with prognosis of osteosarcoma patients. The effect of AHA1 on osteosarcoma growth and metastasis was 

determined by gain and loss of function assays both in vitro and in vivo. The role of AHA1 in metabolism 

regulation and the mechanism were further studied. 

Results: We found that AHA1 is significantly overexpressed in osteosarcoma and high AHA1 expression 

is related to the poor prognosis of osteosarcoma patients. AHA1 knockdown reduced the growth and 

metastasis of osteosarcoma both in vitro and in vivo. Mechanistically, AHA1 upregulates the metabolic 

activity to meet cellular bioenergetic needs in osteosarcoma. Notably, we identified that isocitrate 

dehydrogenase 1 (IDH1) is a novel client protein of Hsp90-AHA1. Hsp90-AHA1 positively regulated the 

level of IDH1 through direct interaction. Furthermore, the IDH1 protein level was positively correlated 

with AHA1 in osteosarcoma tissues. And IDH1 overexpression could partially reverse the effect of 

AHA1 knockdown on cell growth and migration of osteosarcoma. Moreover, IDH1 was significantly 

upregulated in osteosarcoma and high IDH1 level was associated with poor prognosis of osteosarcoma 

patients. 

Conclusion: This study demonstrates that AHA1 positively regulates IDH1 and metabolic activity to 

promote osteosarcoma growth and metastasis, which provides novel prognostic biomarkers and promising 

therapeutic targets for osteosarcoma patients. 
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MICROARRAY GENE EXPRESSION PROFILING AND BIOINFORMATICS ANALYSIS 

REVEAL CRITICAL DIFFERENTIALLY EXPRESSED GENES IN CHORDOMA CELL LINES 

Linfeng Huang1#, Ying Li1, Bin Fang1, , Leilei Chen1*,  

1Key Laboratory of Orthopaedics & Traumatology, The First Affiliated Hospital of Guangzhou 

University of Chinese Medicine, The First Clinical Medical College, Guangzhou University of Chinese 

Medicine, Guangzhou, China. 
2 Department of Orthopaedics & Traumatology, Faculty of Medicine, The Chinese University of Hong 

Kong, Prince of Wales Hospital, Shatin, Hong Kong, China. 
3 Stem Cells and Regenerative Medicine Laboratory, Lui Che Woo Institute of Innovative Medicine, Li 

Ka Shing Institute of Health Sciences, The Chinese University of Hong Kong, Prince of Wales Hospital, 

Shatin, Hong Kong, China. 

 

Objective: Chordoma is a rare tumor with a certain rate of distant metastasis. Skull base and sacrum are 

the two most common origin sites. This study tends to identify key differentially expressed genes (DEGs) 

between classical clival and sacral chordomas, provide new targets for future treatment options of 

chordomas. 

Methods: The gene expression profiles of GSE95084 and GSE68497 were downloaded from Gene 

Expression Omnibus database and were analyzed using the limma R package. Function and enrichment 

analyses of DEGs were performed based on DAVID Database. Protein-protein interaction (PPI) network 

was constructed using the Cytoscape based on the data collected from STRING online datasets. Hub 

genes selection and modules analyses of the PPI network were conducted by plugin cytoHubba and 

MCODE of Cytoscape software, respectively. 

Results: In total, 628 genes, including 360 up-regulated genes and 361down-regulated genes were 

selected as DEGs. Notably, GO analysis showed that both up-regulated and down-regulated DEGs were 

mainly involved in cell component such as an integral component of the membrane, plasma membrane 

and extracellular exosome. DEGs were mainly enriched in pathways like Pathways in cancer, PI3K-Akt 

signaling pathway, Cytokine-cytokine receptor interaction. EGFR, ITGB3, ACTN2 and IGF1 were 

identified as hub genes and they were all involved in focal adhesion signaling pathway. Furthermore, five 

significant network modules were obtained from the PPI network. 

Conclusion: This study helps to further understand the molecular characteristics of classic chordomas of 

two distinct sites. Hub genes EGFR, ITGB3, ACTN2, and IGF1, as well as focal adhesion signaling 

pathway, would be new targets for future treatment options of chordomas. 
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POLYCATIONIC SCAVENGERS ACT AS ANTI-OSTEOARTHRITIS AGENT 

BD Huang1, 2, HS Kim2, HX Wang2, KW. Leong 2 

1 Department of Orthopaedic Surgery, the Sixth Affiliated Hospital, Sun Yat-sen University, China 
2 Biomedical Engineering, Columbia University, United States. 

 
Osteoarthritis is a leading cause of pain and disability in old patients. Although experiencing many side 

effects, painkiller is still among the first line conservative treatment options. Disease-modifying 

osteoarthritis drugs (DMOADs) are the hope for both symptoms relief and structural maintenance. A lot 

of drugs are under clinical trials, but no one is approved right now. Cartilage damage and chondrocytes 

death grow serious and irreversible with disease progression. All the debris faces clearance by immune 

cells, and triggers subsequent responses such as secretion of diverse cytokines, proteinases. Hence, 

scavenging dead cells released debris, and reducing its detrimental influence attracted more attention. In 

this study, we used polycationic micro-fibril (MF) and dendrimer as scavenger, found both materials 

performed well on inhibition of poly I:C, ORN06, CpG ODN activated reporter cells. MF of same 

concentration as before inhibited the effect of cationic lipid carried ORN06, however, only with much 

higher dose, dendrimer achieved similar suppressive effect. Only dendrimer but not MF exerted inhibitory 

on LPS induced activation. Further study confirmed their scavenging effect on damage-associated 

molecular pattern molecules (DAMPs) from human osteoarthritic chondrocytes and synoviocytes. We 

already used dendrimer as anti-inflammatory agent for many years. Although functioning well, toxicity is 

always one of the concerns. Relative larger MF stays outside of the cells, it putatively doesn’t lead to 

immune cells phagocytosis itself, it could be safer than dendrimer, and work in different ways. Further 

study is undergoing to find out the scavenging effect of polycationic materials on the more disease 

relevant condition, and the mechanisms behind their function of these two different forms of scavengers . 
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LOCAL DELIVERY OF PROPRANOLOL WITH THREE-DIMENSIONAL SCAFFOLDS 

ENHANCES FEMORAL CONDYLE DEFECT HEALING IN RATS BY REGULATING 

OSTEOGENESIS 

Hao Wu1  Yue Song1  JunQin Li1   Liu Yang*  GuoXian Pei* 

1 Department of Orthopaedics, Xijing Hospital, Air Force Medical University, Xi’an 710032, China； 

 

Study purpose: Propranolol as a sympathetic antagonist has a great effect on regulating bone metabolism 

and homeostasis. A number of clinical studies have shown that long-term use of propranolol can improve 

bone mineral density and bone strength in patients with osteoporosis. Despite significant progress in 

propranolol treatment of bone metabolic diseases has been made, the potential of propranolol on repairing 

bone defect has not been well investigated. In this research, we construct a vehicle loaded with 

propranolol to investigate the potential of propranolol in accelerating the process of bone healing which is 

controlled by sympathetic innervation. 

Methods: In vitro: Mesenchymal stromal cells（MSCs）and marrow mononuclear cells were cultured 

with the propranolol scaffolds or simple collagen scaffold. To explore whether osteogenesis and 

osteoclast formation were influenced by propranolol with the existence of isoproterenol. In vivo: the rat 

femoral condyle defect model was chosen for the abundant sympathetic innervation, we implanted 

propranolol loaded scaffolds or control scaffolds to observe the healing conditions. 

Results: In vitro: the extraction of propranolol scaffolds reversed the inhibition of osteogenesis whereas 

facilitation of osteoclasts formation. In vivo: the propranolol scaffolds accelerated the healing process in 

12 weeks. The Micro-CT showed that new bone formation was more in propranolol group in all time 

points. Trap staining indicated there were less osteoclasts between the bone and scaffold interfaces. The 

TH positive sympathetic nerve in 8w and 12w was less innervated in propranolol scaffolds.  

Conclusion: Scaffolds loaded with propranolol preserved great mechanical properties and 

biocompatibility and reversed the function of isoproterenol in vitro. In vivo tests propranolol scaffolds 

accelerated the bone repair through denervation of sympathetic nerve. 
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TRANSCRIPTIONAL ACTIVATION OF ENPP1 BY OSTERIX DURING LATE STAGE OF 

OSTEOGENIC DIFFERENTIATION 
 

Manman Gao1 Zhiyu Zhou2  Xuenong Zou1 

 
1 The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China  
2 the Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, China 3 

 

Ectonucleotide Pyrophosphatase/Phosphodiesterase 1 (ENPP1) is the main source of extracellular 

pyrophosphate. Along with Tissue-Nonspecific Alkaline Phosphatase (TNAP), ENPP1 plays an important 

role in balancing bone mineralization. Although the upstream mechanisms regulating ENPP1 expression 

are well established in preosteoblasts, the mechanisms in mature osteoblasts and osteocytes are not clear. 

In the present study, ENPP1 and Osterix (Osx) showed a similar expression profile both in vitro and in 

vivo. Overexpression of Osx in MC3T3-E1 and ASC52telo cells could significantly upregulate the 

expression of ENPP1 (P< 0.05). Then, we identified consensus Sp1 sequences, located in the proximal 

ENNP1 promoter, as Osx binding sites using promoter truncation experiments and ChIP assays. The p38-

MAPK signaling pathway was indicated to be responsible for ENPP1 promoter activation by Osx. 

Furthermore, Runt Related Transcription Factor 2 (Runx2) was confirmed to have cooperative effects 

with Osx on activating the ENPP1 promoter. This study shows that Osx directly activates ENPP1 

expression during the osteogenic process, which may explain the upregulation of ENPP1 at late 

osteogenic stages. 
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COOPERATIVE REGULATION OF HYALURONIC ACID HYDROGEL AND HYPOXIA IN 

DISC REGENERATION 

Manman Gao1 Zhiyu Zhou2  Xuenong Zou1 

 
1 The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China  
2 the Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, China 3 

 

Introduction: Hydrogel injection has been proposed as a promising therapy for disc degenerative 

diseases. With good biocompatibility and parallel biomechanical characteristics, hyaluronic acid (HA) has 

been widely researched as disc regenerative hydrogel. However, the bio-mechanisms of HA regenerating 

degenerative disc are not fully uncovered. Our group synthesized the HA injectable hydrogel biomaterial 

to treat disc degenerative diseases. In this study, we further explore the bio-mechanisms of HA promoting 

the differentiation of MSCs into nucleus pulposus cells. 

 

Methods: The ASC52telo hTERT immortalized adipose derived mesenchymal stem cells (ASC52telo 

cells) and human bone marrow mesenchymal stem cells (hBMSCs) were utilized in this study. Cells were 

seeded in HA hydrogel or in dish and put in normoxia (21% O2) or hypoxia (2% O2) environment. RT-

qPCR technique was used to analyse the expression of CD44 and HIF1a. ASCtelo cells were incubated in 

6mg/mL cobalt chloride medium and detected the expression of CD44 by RT-qPCR and Western-blot 

technique. Luciferase report assay was used to explore whether HIF1a transcriptionally activates CD44. 

 

Results: CD44 and HIF1a were both increased in HA hydrogel in hypoxia environment (P＜0.05). CD44 

was also increased in cobalt chloride culture medium (P＜0.05). Luciferase report assay indicated that 

HIF1a can directly transcriptionally activate CD44 expression. 

 

Discussion: Nucleus pulposus cells live in hypoxia environment. Biomaterials should support MSCs to 

adapt the hypoxic condition and also to promote differentiation into nucleus pulposus cells. CD44 is a 

main ligand of hyaluronic acid. High expression of CD44 contributes to differentiation of MSCs into 

nucleus pulposus cells. The mechanism that CD44 is transcriptionally induced by HIF1a further explains 

the roles of HA in regeneration of disc degenerative diseases. 

 

This study was supported by Natural Science Foundation of China.31430030), Natural Science 

Foundation of Guangdong Province (2014A030310466) 
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ENDOCHONDRAL OSSIFICATION AND BONE REGENERATION 

Shiwu Dong*, Yun Bai 

Department of Biomedical Materials Science, School of Biomedical Engineering, Third Military Medical 

University, Chongqing, 400038 China. 

Critical-sized bone defects are a costly clinical challenge and greatly reduce quality of life. However, 

bone tissue engineering technology has developed rapidly and may provide an effective means to address 

this issue. Tissue-engineered bone (TEB) has thus far been used clinically as an effective treatment for 

critical bone defects. The traditional TEB mimics the process of intramembranous ossification but often 

results in core necrosis and implantation failure due to poor vascularization (1). However, in most cases, 

the main mode of bone formation during adult bone regeneration is endochondral ossification, which 

relies on the specialized regulatory functions of hypertrophic chondrocytes (2). Hypertrophic 

chondrocytes produce avascular cartilaginous matrix enriched in type X collagen and secrete MMP13 and 

VEGF to direct the formation of mineralized matrix and attract blood vessels. Osteoblasts, osteoclasts, 

and hematopoietic precursors that accompany vascular invasion mediate resorption of the cartilaginous 

template and formation of vascularized bone  (3). Inadequate hypertrophy of chondrocytes can hinder 

vascular invasion and matrix mineralization during endochondral ossification (4).  

Recent studies reported that activation of endochondral ossification improved regeneration of critical-

sized bone defects compared to intramembranous ossification in vivo (5). MSCs are the most commonly 

used cell type in engineered bone tissue through the approach of endochondral ossification (6). 

Implantation of a hypertrophic cartilage template, in contrast to a construct harboring undifferentiated 

MSCs, may better overcome the initial lack of vascularization and associated hypoxia, as hypertrophic 

chondrocytes can accelerate graft invasion by blood vessels. Therefore, the most important challenge in 

bone regeneration based on endochondral ossification to treat critical-sized bone defects is to ensure 

sufficient hypertrophic differentiation of MSCs. 

To solve this issue, mangiferin (MAG) was introduced to endochondral ossification-based bone repair. 

We proved MAG to be a novel autophagy inducer, which promoted BMSC-derived hypertrophic 

chondrocyte survival against hypoxia-induced injury through inducing autophagy. Furthermore, MAG 

enhances hypertrophic differentiation of BMSC-derived chondrocytes via upregulating key hypertrophic 

markers. MAG balanced the expression of Sox9 and Runx 2 to facilitate hypertrophic differentiation(7). 

Additionally, we modified TEB scaffold surfaces with ceria nanoparticles (CNPs) (8). CNPs accelerated 

new bone formation and enhanced endochondral ossification-based bone regeneration in both a 

subcutaneous ectopic osteogenesis model and a mouse model of critical-sized bone defects. 

Mechanistically, CNPs significantly promoted endochondral ossification-based bone regeneration by 

ensuring sufficient hypertrophic differentiation via the activation of DHX15.  

References: 

1) Akiyama M, and Nakamura M. (2009). Cell transplantation 18, 443-452. 

2) Thompson EM, Matsiko A, Farrell E, et al. (2015). Tissue Eng Regen Med 9, 889-902. 

3) Kronenberg, H. M. (2003). Nature 423, 332-336. 

4) Scotti C, Tonnarelli B, Papadimitropoulos A, et al. (2010).  PNAS 107, 7251-7256. 

5) Thompson EM, Matsiko A, Kelly DJ, et al. (2016). Tissue Eng 22, 556. 

6) Havelka M, and Barath A. (2009). European Cells & Materials 17, 1. 

7) Bai Y, Liu C, Fu L, Gong X, et al. (2018). FASEB J 32(8):4573-4584. 

8) Li J, Kang F, Gong X, et al. (2019). FASEB J 33(5):6378-6389. 
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TGF-Β SIGNALING IN INTERVERTEBRAL DISC HEALTH AND DISEASE 

Sheng Chen,1 Zengwu Shao1 

1Department of Orthopaedics, Union Hospital, Tongji Medical College, Huazhong University of Science 

and Technology, Wuhan 430022, China  

 

Background: Transforming growth factor-β (TGF-β) is a secreted pleiotropic cytokine and plays a 

critical role in embryogenesis, tissue homeostasis and disease by participating in various biological 

processes, including cell proliferation, differentiation, migration, death, metastasis, extracellular matrix 

synthesis, inflammatory response and immune regulation. In the intervertebral disc (IVD), TGF-β 

signaling also plays a key role in IVD health and disease. 

Objective: This paper aims to provide a comprehensive review of the changing role of transforming 

growth factor-β (TGF-β) signaling in intervertebral disc (IVD) health and disease.  

Methods: A comprehensive literature search was performed using PubMed terms 'TGF-β' and 

'intervertebral disc'.  

Results: In spite of the various expression changes, TGF-β signaling is necessary for the development 

and growth of IVD, and plays a protective role in the restoration of IVD tissues by stimulating matrix 

synthesis, inhibiting matrix catabolism, inflammatory response and cell loss. However, excessive 

activation of TGF-β signaling is detrimental to the IVD, and inhibition of the aberrant TGF-β signaling 

can delay IVD degeneration. (Figure 1 and Figure 2) 

Conclusions: Activation of TGF-β signaling has a promising treatment prospect for IVD degeneration, 

while excessive activation of TGF-β signaling may contribute to the progression of IVD degeneration. 

Studies aimed at elucidating the changing role of TGF-β signaling in IVD at different pathophysiological 

stages and its specific molecular mechanisms are needed, and these studies will contribute to safe and 

effective TGF-β signaling‑based treatments for IVD degeneration. 

 

 

 

        
             Figure 1                                                                  Figure 2 
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EXPLORING CALCIUM-SENSING RECEPTOR ANTAGONIST FROM LIGUSTRUM 

LUCIDUM TO EXERT OSTEOPRESERVE EFFECTS 

Yan Zhang1,2, Rui Feng1, Fan Ding1, Shu-Fen Liu1,2, Yong-Jun Wang1,2 
1 Spine Disease Research Institute, Longhua Hospital, Shanghai University of Traditional Chinese 

Medicine, Shanghai 200032, China; 2 Key Laboratory of Theory and Therapy of Muscles and Bones, 

Ministry of Education, Shanghai 200032, China. 

Low bone mineral density (BMD) is consistently observed in type 1 DM (T1DM), and recent meta-

analyses and cohort studies confirmed that higher fracture risk was associated with T1DM and T2DM. 

Fructus Ligustri Lucidi (FLL), the fruit of Ligustrum lucidum Ait, is a commonly prescribed herb to 

nourish endocrine and renal systems and to strengthen bones in Traditional Chinese Medicine (TCM). 

Our previous studies revealed that the extract from FLL could improve calcium balance by regulating 

transcellular calcium absorption in intestine and reabsorption in kidney [1-3], consequently exerting bone-

sparing function in aged female rats and aged osteoporotic rats with estrogen deficiency [4]. Our recent in 

vivo studies demonstrated that the active fraction from FLL extract exerted beneficial effects on 

trabecular bone of diabetic mice [5] and rats [6] by decreasing hyperglycemia-induced urinary calcium 

excretion via down-regulating renal CaSR expression. The chemical work in our lab explored that 

ligustroflavone was one major compound in the active fraction from FLL extract. The present study 

aimed to clarify the in vivo and in vitro regulation of ligustroflavone (LF) on PTH release and calcium 

metabolism by acting on CaSR, and to elucidate the protective effects of ligustroflavone against bone loss 

induced by hyperglycemia. LF interacted well with the allosteric site of CaSR shown by molecular 

docking analysis, increased PTH release of primary parathyroid gland cells and suppressed extracellular 

calcium influx in HEK-293 cells. The serum level of PTH attained peak value at 2 h and maintained 

higher during the period of 1 h and 3 h than that before treatment in mice after a single dose of LF. 

Trabecular bone mineral density and micro-architecture were markedly improved in diabetic mice upon to 

LF treatment for 8 weeks. LF reduced CaSR mRNA and protein expression in kidney of diabetic mice. 

Taken together, ligustroflavone could transiently increase PTH level and regulate calcium metabolism as 

well as prevent osteoporosis in diabetic mice, suggesting that ligustroflavone might be an effective 

antagonist on CaSR. 

 

References: 
1. Zhang Y, Lai WP, Leung PC, Wu CF, Yao XS, Wong MS. Effects of Fructus Ligustri Lucidi extract 

on bone turnover and calcium balance in ovariectomized rats. Biol Pharm Bull 2006, 29(2): 291-296 
2. Zhang Y, Lai WP, Leung PC, Che CT, Wong MS. Improvement of Ca balance by Fructus Ligustri 

Lucidi extract in aged female rats. Osteoporos Int 2008, 19(2): 235-242 
3. Zhang Y, Dong XL, Leung PC, Che CT, Wong MS. Fructus Ligustri Lucidi extract improves calcium 

balance and modulates the calciotropic hormones level and vitamin D-dependent gene expression in 
aged ovariectomized rats. Menopause 2008, 15(3): 558-565 

4. Zhang Y, Leung PC, Che CT, Chow HK, Wu CF, Wong MS. Improvement of bone properties and 
enhancement of mineralization by ethanol extract of Fructus Ligustri Lucidi. Brit J Nutr 2008, 99(3): 
494-502 

5. Zhang Y, Diao TY, Wang L, Che CT, Wong MS. Protective effects of water fraction of Fructus 
Ligustri Lucidi extract against hypercalciuria and trabecular bone deterioration in experimentally type 
1 diabetic mice. J Ethnopharmacol 2014, 158(Part A): 239-245. 
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DEFECTIVE BONE REPAIR IN HEPCIDIN1 KNOCKOUT AGED MICE 

 L.L. Liu1,2, H.Zhang1,A.F. Wang1,Z.H. Cao1,P. Zhang1,G.S. Shen1,F.Yang1,Y.J.Xu1 

1 The Second Affiliated Hospital of Soochow University, China 

2 The First Affiliated Hospital of Gannan Medical University, China.  

 

Purpose: Iron accumulation model mice were constructed by knockouting gene hepcidin1 .The effects of 

iron accumulation on bone turnover, bone density change and fracture healing in aged male mice were 

observed.  

Methods: Male mice with C57BL/6 genetic background were divided into 2 groups according to 

genotype identification, hepcidin knockout mice group (hepc-/- mice) and wild type group (hepc+/+ 

mice).At 17 months old a model of right femur closed fracture was established.4 weeks later, serum, liver 

and femur, tibia of the mice were collected; serum ferritin ,serum osteocalcin and type I collagen C-

telopeptide (CTX-1) were measured, iron in tibia and liver was stained, microstructures of the right femur 

callus and contralateral femur bone were detected by micro-CT. 

Results: There was no significant difference in body weight and serum CTX levels between the two 

groups. Peripheral blood cell analysis showed no significant difference in red blood cells, white blood 

cells and hemoglobin. The serum iron and ferritin indexes of hepc-/- mice were significantly higher than 

those of hepc+/+ mice. Prussian blue staining further confirmed the presence of severe iron deposition in 

liver and bone tissues; The serum osteocalcin level of hepc-/- mice was lower than that of hepc+/+ 

mice.The results of Micro-CT showed that compared with hepc+/+ mice, the BMD and BV/TV 

parameters of normal femur in hepc-/- mice were significantly decreased, Tb.Sp, SMI, DA was 

significantly elevated. Bone histopathology section staining showed that the area, thickness, density, bone 

volume fraction, cortical bone thickness and area of hepc-/- mice were lower than those of hepc+/+ mice. 

Conclusions: The hepcidin gene1 knockout aged mice manifested iron accumulation in the body. Iron 

accumulation may further weaken the trabecular structure and decrease bone density by affecting bone 

remodeling. At the same time, the fracture healing is delayed and the healing quality is deteriorated. This 

phenomenon suggests that iron accumulation condition should also be considered when fractures occur in 

elders. 
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INTRAOSSEOUS INJECTION OF SIMVASTATIN IN POLOXAMER 407 HYDROGEL 

IMPROVES PEDICLE-SCREW FIXATION IN OVARIECTOMIZED MINIPIGS 

Xin Fu1, Jie Tan1, Chuiguo Sun1,2, Huijie Leng1,2, Chunli Song1,2, 

1Orthopedic Departments Peking University Third Hospital, 2Beijing Key Laboratory of Spinal Diseases, 

Beijing, China. 
 
Background: Osteoporosis leads to poor osseointegration and reduces implant stability. Statins have 

been found to stimulate bone formation, but the bioavailability from oral administration is low. Local 

application may be more effective at augmenting bone formation and enhancing implant stability. This 

study was performed to evaluate the efficacy of an intraosseous injection of simvastatin in 

thermosensitive poloxamer 407 hydrogel to enhance pedicle-screw fixation in calcium-restricted 

ovariectomized minipigs. 

Methods: Nine mature female Bama minipigs underwent bilateral ovariectomy and were fed a calcium-

restricted diet for 18 months. Simvastatin (0, 0.5, or 1 mg) in thermosensitive poloxamer 407 hydrogel 

was injected into the lumbar vertebrae (L4-L6), and titanium alloy pedicle screws were implanted. Bone 

mineral density (BMD) measurements of the lumbar vertebrae were determined by dual x-ray 

absorptiometry (DXA) before and 3 months after treatment. The lumbar vertebrae were harvested and 

analyzed with use of microcomputed tomography, biomechanical pull-out testing, histological analysis, 

and Western blot analysis for bone morphogenetic protein (BMP-2) and vascular endothelial growth 

factor (VEGF) expression. 

Results: BMD of the vertebrae injected with 0.5 and 1.0 mg of simvastatin had increased by 31.25% and 

31.09%, respectively, compared with vehicle-only injection (p≤0.00014 for both) and increased by 

32.12% and 28.16%, respectively, compared with the pre-treatment levels (p<0.0001 for both). A single 

injection of simvastatin in poloxamer 407 increased trabecular volume fraction, thickness, and number 

and decreased trabecular separation (p≤0.002). The bone formation and mineral apposition rates 

significantly increased (p≤0.023). The percentage of osseointegration in the simvastatin 0.5 and 1-mg 

groups was 46.54% and 42.63% greater, respectively, than that in the vehicle-only group (p≤0.006), and 

the maximum pull-out strength was 45.75% and 51.53% greater, respectively, than in the vehicle-only 

group (p≤0.0005). BMP-2 and VEGF expressions were higher than for the vehicle-only injection. 

Conclusions: A single intraosseous injection of simvastatin in thermosensitive poloxamer 407 hydrogel 

stimulated bone formation, increased BMD, improved bone microstructure, promoted osseointegration, 

and significantly enhanced the stability of pedicle screws. 

Clinical Relevance: These results provide rationale for evaluating intraosseous injection of simvastatin in 

poloxamer 407 to enhance implant fixation in patients with osteoporosis.  
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TENDON DIFFERENTIATION AND TISSUE ENGINEERING 

Hongwei, Ouyang 1,2 

1Dr. Li Dak Sum & Yip Yio Chin Center for Stem Cells and Regenerative Medicine, Zhejiang University 
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University School of Medicine, Hangzhou, China. 

 
The tissues of the musculoskeletal system account for 60-70% of the adult body weight, with high risks of 

damage. The poor repair of injured tendons and ossification of tendon repair remains a formidable clinical 

challenge because of our limited understanding of idea seed cell sources and tenogenesis of tendon stem 

cells. In order to solve those problems, our group developed strategies such as selection of different stem 

cells sources, step-wise differentiation of human embryonic stem cells, identifying tendon stem cell 

subpopulations. And we also illustrated the roles of differentiation transcription factors such as Scx, Mkx 

and Hif-2a at different developmental stages of tendon as well as the pathological process of injured 

tendon and other related musculoskeletal tissues. Moreover, we invented silk scaffolds (soft tissue mesh) 

that match the mechanical properties of human soft tissues and have a specific spatial structure (well-

aligned) for tenogenic differentiation to improve the tendon regeneration. In summary, this talk will 

overview our tendon researches on the tissue science, tissue pathology, tissue engineering and tissue 

regeneration.  

 

Reference: 
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TRAF6 NEDDYLATION DRIVES INFLAMMATORY ARTHRITIS BY INCREASING NF-ΚB 

ACTIVATION 
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Neddylation is a process similar to ubiquitination, and is critical in various inflammatory diseases; 

however, its importance in the pathogenesis of rheumatoid arthritis (RA) is not well understood. Here, we 

investigated the role of neddylation in RA and its clinical relevance. We showed that neddylation-related 

genes, including NEDD8 and CULLIN-1, were significantly upregulated in the synovium of patients with 

RA compared to that in patients with osteoarthritis. To further investigate the underlying functionality, a 

collagen-induced arthritis (CIA) model was used. We observed that neddylation was crucial for synovitis 

of CIA, as the inhibition of neddylation by MLN4924 significantly suppressed synovial cell proliferation 

and inflammatory responses. Mechanistically, neddylation mediated inflammatory arthritis by regulating 

NF-κB activation in fibroblast-like synovial cells (FLS). Furthermore, TNF receptor associated factor 6 

(TRAF6) neddylation at Lys124 was essential for IL-17A-induced NF-κB activation. As replaced the 

Lys-124 residue with Arg (K124R) resulted in significantly impaired conjugation of NEDD8 to TRAF6, 

as well as markedly attenuated IL-17A-induced NF-κB activity. Therefore, the pathogenic role of 

neddylation in RA as well as its mechanism of action demonstrated here provides a new insight into 

understanding the role of post-transcriptional modifications in the etiology of RA. 

 

References: [1] Firestein GS. Evolving concepts of rheumatoid arthritis. Nature 2003; 423: 356-361. [2] 

van Hamburg JP and Tas SW. Molecular mechanisms underpinning T helper 17 cell heterogeneity and 

functions in rheumatoid arthritis. J Autoimmun 2018; 87: 69-81. 
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RAPAMYCIN IMPROVES BONE MASS IN HIGH-TURNOVER OSTEOPOROSIS WITH IRON 

ACCUMULATION THROUGH POSITIVE EFFECTS ON OSTEOGENESIS AND 

ANGIOGENESIS 

Aifei Wang1, Jiadong Wu1, Youjia Xu1.  

1 Department of Orthopaedics, The Second Affliated Hospital of Soochow University, China.  

 

Key Words: osteoporosis；iron accumulation；Rapamycin；osteogenesis； angiogenesis 

Background: Iron accumulation is an independent risk factors of type I osteoporosis, and mTOR plays 

an important role on the crosstalk between osteogenesis and angiogenesis. 

Purpose: To identify the role of mTOR in the high-turnover osteoporosis with iron accumulation, the 

underlying molecular mechanism, and whether rapamycin can target at mTOR treating type I 

osteoporosis with iron accumulation effectively.   

Methods: We establish mouse models of iron accumulation and transgenic mouse models(Hepc—/—) of 

high-turnover type osteoporosis with iron accumulation to observe the variety of mTOR in these mice, 

and treat osteoblasts with FAC to watch mTOR in vitro. Then we injected rapamycin to mouse models of 

high-turnover osteoporosis with iron accumulation, transfected the FAC treated osteoblasts with mTOR 

relative siRNA and cultured HUVECs with corresponding medium extracted from osteoblasts, to detect 

indexes of bone, osteogenesis and angiogenesis in bone and in vitro. Finally, relative biomarkers of cell 

signaling pathways were measured. 

Results: We found the osteoblastic mTOR was activated both in mouse models of iron accumulation and 

high-turnover osteoporosis with iron accumulation, and the deteriorative bone, osteogenesis and 

angiogenesis induced by iron accumulation were improved by suppressing mTOR with rapamycin in 

mice and siRNA transfection in vitro. The mTOR/STAT1/Cxcl9 pathway signals were stimulated by iron 

accumulation in osteoblasts. 

Conclusion: Our study shows that iron accumulation impairs the bone regeneration of osteoporosis via 

osteoblastic mTOR/STAT1/Cxcl9 pathway, and rapamycin can target at mTOR improving osteogenesis 

and angiogenesis in bone of high-turnover type osteoporosis with iron accumulation to increase bone 

mass. 
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GENE EXPRESSION PROFILING AND IDENTIFICATION OF NFATC1 THROUGH 

METHYLATION-MEDIATED UNDER HYPOXIA IN MSC CHONDROGENIC 

DIFFERENTIATION 
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Abstract: Understanding the mechanisms that govern cell fate will lead to the development of techniques 

for the induction of human mesenchymal stem cell differentiation into desired cell outcomes and the 

production of an autologous source of tissue for regenerative medicine. We demonstrate that stem cells 

derived from adult bone marrow grown with 3D pellets take on characteristics similar to human cartilage. 

The NFAT signaling pathway is primarily linked to cell differentiation and influences chondrogenic 

differentiation. Firstly, we screened a microarray and identified 29 genes with altered expression, 

including 13 up-regulated (fold change ≥ 2) and 16 down-regulated (fold change ≤ 2) genes, compared 

with the control group. Then, we used RT-PCR to validate the chip data that NFATc1 was up-regulated in 

the differentiation. And, we also found epigenetic regulation of miRNA-124 affect the expression of Sox9, 

which is generally regarded as a master regulator of chondrogenesis. Then a cell pellet culture model was 

applied to induce chondrogenesis in C3H10T1/2 cells under hypoxic conditions (2% O2) to verify the 

effects of hypoxia on miR-124 expression and DNA methylation. The results showed that the expression 

of chondrogenesis marker genes was significantly increased under hypoxic conditions. Bisulfite 

sequencing of the CpG islands in the promoter region of miR-124-3 showed that CpG methylation was 

significantly increased under hypoxic conditions. Treating the cells with the DNA demethylating agent 

5’-AZA significantly increased miR-124 expression and decreased expression of markers of 

chondrogenesis. Overexpressing miR-124 under hypoxic conditions inhibited NFATc1 reporter activity 

and NFATc1 was shown to bind to the promoter region of Sox9. Taken together, under hypoxic 

conditions when miR-124 is downregulated by methylation of CpG islands in the promoter, NFATc1 can 

bind to the Sox9 promoter and induce the expression of Sox9 leading to chondrogenesis. These results 

support the role of epigenetic regulation in establishing and maintaining a chondrogenic phenotype and 

that could be useful in the design of biomaterials. 
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ANALYSIS OF BONE METABOLIC ALTERATIONS LINKED WITH OSTEOPOROSIS 

PROCESS IN TYPE 2 DIABETIC DB/DB MICE 

Ke-feng Wu1,2, Pang Wang3, Hua Ye1,2, Shi Mei3, Yan-Xia Huang3, Li Li1, Yi Liu1, Liao Cui1,2* 
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Type 2 diabetes(T2D) is a frequent metabolic disorder that leads to impair bone quality and increase the 

risk of bone fractures. Substantial reports demonstrated that serum metabolites alliteration can be as 

diabetes/osteoporosis biomarkers. However the metabolic mechanism of type 2 diabetes induced-

osteoporosis has not been thoroughly clear. The present study is to investigate bone metabolic changes in 

db/db mice with bone loss and explore the potential metabolic mechanism associated with type 2 diabetes 

and osteoporosis. UPLCQ-Orbitrap MS platform was used to analyze non-targeted metabolites in bone 

samples from misty/misty mice (8weeks, 24weeks) and db/db mice (8 weeks, 24 weeks), PCA and OPLS-

DA analysis evaluated the differences of bone metabolites level between misty/misty mice and db/db 

mice. A total of 150 distinctive metabolites were identified including fatty acids, phosphatidylcholines, 

and glycerolipids et al, which were significantly changed in bone tissues of db/db mice. The metabolites 

were closely associated with lipid metabolism, carbohydrate metabolism and Amino acid metabolism. 

Specifically, a number of phosphatidylcholine metabolites and glucose derivers consistently maintained 

high levels in the development of diabetes-induced osteoporosis. However, levels of fatty acids and fatty 

acyls (arachidonic acid, arachidic acid, FAHFA 36:1) were dramatically decreased in db/db mice bone. 

These results revealed that lipid metabolism disorders were a key cause that contributed to bone loss in 

type 2 diabetes process. 

 

 



 

The 4th International Chinese Musculoskeletal Research Conference (ICMRC-2019) 

第四届国际华人骨科研究大会 

 

384 
 

KAEMPFEROL AMELIORATES DEXAMETHASONE-INDUCED OSTEOGENIC 

INHIBITION IN MC3T3-E1 CELLS THROUGH ACTIVATION OF JNK AND P38 MAPK 

PATHWAYS 
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Abstract：Kaempferol has been reported to promote the differentiation and the mineralization of 

preosteoblasts. In our previous study, we found that dexamethasone (Dex) (1μM) inhibited the osteoblast 

differentiation of MC3T3-E1 cells. In this study, we mainly investigated the protective effects of 

kaempferolon on Dex-induced osteogenic inhibition in MC3T3-E1 cells. The activities in proliferation, 

osteoblast differentiation, and mineralization of MC3T3-E1 cells were determined by CCK-8 assay, 

alkaline phosphatase (ALP) activity assay, and alizarin red staining, respectively. Cell cycle was 

measured by the flow cytometry. The mRNA expression of osteoblast-specific genes, such as osterix 

(Osx) and runt-related transcription factor 2 (Runx2), were quantified by quantitative real-time PCR. 

Protein levels of Osx, Runx2, p53, cyclin D1, Bcl-2, Bax, phosphorylated JNK and p38 were determined 

by western blotting. Our results showed that kaempferol (5 and 10 μM) ameliorated the proliferation 

inhibition. Dex induced cell cycle arrest in the G0/G1 phase, but kaempferol (5 and 10 μM) eased cell 

cycle arrest induced by Dex in MC3T3-E1 cells ax. In addition, Dex inhibited the ALP activity and the 

mineralization of MC3T3-E1 cells, kaempferol promoted the ALP activity and the mineralization in Dex-

treated MC3T3-E1 cells. Kaempferol also significantly increased the mRNA and protein expression of 

Osx and Runx2 in Dex-treated MC3T3-E1 cells. Kaempferol attenuated the Dex-induced reduction of 

cyclin D1 and Bcl-2 expression and elevation of p53 and Bax expression. Furthermore, kaempferol 

activated JNK and p38 MAPK pathways in Dex-treated MC3T3-E1 cells. In conclusion, kaempferol 

ameliorated Dex-induced osteogenic inhibition in MC3T3-E1 cells through activation of JNK and p38 

MAPK signaling pathways. 
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AN INJECTABLE HYDROGEL SCAFFOLD WITH KARTOGENIN-ENCAPSULATED 

NANOPARTICLES FOR PORCINE CARTILAGE REGENERATION 

Wenqiang Yan, MD1*, Xingquan Xu, MD, PhD1*, Qian Xu, MD1, Ziying Sun, MD1, Qing Jiang , MD, 

PhD1,#, Dongquan Shi , MD, PhD1# 

1 State Key Laboratory of Pharmaceutical Biotechnology, Department of Sports Medicine and Adult 

Reconstructive Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University 

Medical School, 321 Zhongshan Road, Nanjing 210008, Jiangsu, China 

Objective: Based on our previous study, the utilization of an ultraviolet (UV) light photo-cross-linkable 

Hyaluronic acid (HA) hydrogel integrated with Kartogenin-encapsulated nanoparticles obtained good 

reconstruction of osteochondral defects in a rabbit model. In this study, to further evaluate the safety and 

efficacy of this technique, the focal cartilage defects with critical size in the medial femoral condyle of a 

porcine model was used. Moreover, the defects with different sizes were created to assess which defect 

size it is suitable for repairing in future clinical applications. 

Materials and Methods: Twenty four skeletally mature minipigs were randomly divided into three 

groups, including m-HA hydrogel integrated with Kartogenin-encapsulated nanoparticles treated (m-HA 

+ KGN group), m-HA hydrogel treated (m-HA group) and untreated (Blank group). Four defect sizes 

were created in the medial femoral condyle weight bearing area in both knees. Full-thickness (FT) 

cartilage defects with the subchondral bone preserved (6.5 mm in diameter, 8.5 mm in diameter) and 

osteochondral defects with the subchondral bone removed (6.5 mm in diameter, 5mm in depth; 8.5 mm in 

diameter, 5mm in depth) were included in this experiment. At 6 months, all minipigs were sacrificed for 

assessment of macroscopic appearance, Magnetic Resonance Imaging (MRI), micro-computed 

tomography (µCT), histology staining and the evaluation of elastic modulus, hardness and COL2, 

glycosaminoglycan (GAG) contents of the regenerated tissue.  

Results: The m-HA + KGN treated group had improved gross healing and histological scores, compared 

to m-HA treated and spontaneously healing empty defects. The improved-quality repaired cartilage 

demonstrated by MRI and better subchondral bone reconstruction assessed by µCT were also observed in 

m-HA + KGN treated group. The m-HA + KGN treated group showed more hyaline-like cartilage 

exhibited by histological staining in terms of extracellular matrix, cartilage lacuna and type Ⅱcollagen. 

The mechanical properties were also improved in m-HA + KGN treated group, but remained inferior to 

normal cartilage, while COL2 and GAG contents remained same condition. 

Conclusions: The Hyaluronic acid hydrogel integrated with Kartogenin-encapsulated nanoparticles 

appeared to improve cartilage healing in critical size defects in the minipig model evaluated for 6 months, 

with better cartilage healing in Full-thickness cartilage defects compared to osteochondral defects. The 

osteochondral defect with 8.5mm in diameter, 5mm in depth can be repaired by this repair system. 
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FEMORAL AND TIBIAL TORSION MEASUREMENTS BASED ON EOS IMAGING 

COMPARED TO 3D CT RECONSTRUCTION MEASUREMENTS 

Wenqiang Yan, MD1*, Xingquan Xu, PhD1*, Qing Jiang , PhD1,#, Dongquan Shi , PhD1# 

1 Department of Sports Medicine and Adult Reconstructive Surgery, Nanjing Drum Tower Hospital, The 

Affiliated Hospital of Nanjing University Medical School, 321 Zhongshan Road, Nanjing 210008, 

Jiangsu, China 

Background: The EOS Imaging system is an advanced piece of equipment for lower-extremity 

assessment. But its reliability and reproducibility should be further verified. 

Methods: A prospective study was conducted including 18 adult volunteers (36 lower extremities) (24±2 

years old). Femoral and tibial torsion were measured by both EOS imaging and three-dimensional CT 

reconstruction. Bland-Altman plots were performed to evaluate the difference between femoral and tibial 

torsion measurements obtained by these two methods. The intraclass correlation coefficient was used to 

evaluate intrareader agreement. 

Results: The mean difference between the two methods was 3°(range, –9°to 4°) for femoral torsion, 

0°(range, –6°to 6°) for tibial torsion and 0°(range, –4° to 5°) for femorotibial torsion. No statistically 

significant difference between the measurements of the two methods was detected by Bland-Altman plots. 

With the exception of one measurement of femoral torsion, one measurement of tibial torsion and one 

measurement of femorotibial torsion, all EOS imaging measurements were within the 95% limits of 

agreement (the mean ± 1.96 SD). Intrareader agreement was statistically significant (P<0.001) for all 

measurements, with high intraclass correlation coefficients. For EOS imaging, the intraclass correlation 

coefficient (ICC) was 0.92 for the femoral measurement, 0.92 for the tibial measurement and 0.918 for 

the femorotibial measurement; the corresponding values for CT were 0.95, 0.927 and 0.889. 

Conclusions: There was good agreement between EOS imaging based and 3D CT reconstruction based 

technique in measuring femoral, tibial and femorotibial torsion; and good reliability and reproducibility of 

EOS Imaging in measuring femoral, tibial and femorotibial torsion was also verified. 
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IN VIVO GAIT KINEMATICS OF THE KNEE AFTER ANATOMICAL AND NON-

ANATOMICAL SINGLE-BUNDLE ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION 

Wenqiang Yan, MD1*, Xingquan Xu, MD, PhD1*, Qian Xu, MD1, Ziying Sun, MD1, Qing Jiang , MD, 

PhD1#，Dongquan Shi , MD, PhD1# 

1 State Key Laboratory of Pharmaceutical Biotechnology, Department of Sports Medicine and Adult 

Reconstructive Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University 

Medical School, 321 Zhongshan Road, Nanjing 210008, Jiangsu, China 

Purpose: The purpose of this study was (1) to evaluate the gait kinematics of knees and clinical outcomes 

after anatomical and non-anatomical single-bundle ACLR during level walking; (2) to explore the effects 

of anterior cruciate ligament (ACL) graft orientations on gait kinematics. 

Methods: Thirty-four patients with unilateral primary single-bundle ACLR and eighteen normal people 

were recruited. Patients were divided into anatomical reconstruction group (AR group; n=13) and non-

anatomical reconstruction group (Non-AR group; n=21) according to Bernard Quadrant method. The 

ACL graft orientations on the coronal and sagittal planes were measured on 3D models from medical 

images. The kinematics of knees were measured with a portable optical tracking system. Range of motion 

(ROM) and kinematics alterations were compared between ACLR knees and contralateral normal knees 

of patients. The kinematics were also compared between left and right knees of normal people. The 

following assessments were also performed including clinical examination, KT-2000 arthrometer 

measurement, International Knee Documentation Committee (IKDC) and Lysholm knee scores.  

Results: All patients reached a minimum follow-up of 6 months. No statistically significant differences of 

gait kinematics between left and right knees of normal people were observed. Moreover, no matter 

anatomical reconstruction or non- anatomical reconstruction, there was no statistically significant 

differences in gait kinematics between the ACLR knees and the contralateral normal knees. No 

statistically significant differences between the ACLR knees and contralateral knees were observed in 

terms of ROM in AR group. However, in Non-AR group, the ACLR knees exhibited more ROM of 

anterior-posterior translation by approximately 0.5cm than contralateral knees (P = 0.008). A negative 

correlation was observed between ROM of anterior-posterior translation and sagittal angle of ACL graft 

(r = -0.45, P = 0.0078). No statistically significant differences between the two groups were observed in 

terms of IKDC subjective score, Lysholm score and KT-2000 arthrometer test. 

Conclusions: The knees after ACLR can restore almost normal kinematics compared to the contralateral 

normal knees during level walking with both anatomical and non-anatomical single-bundle ACLR. The 

clinical outcomes exhibited no significant differences in terms of IKDC subjective score, Lysholm score 

and KT-2000 arthrometer test between anatomical and non-anatomical single-bundle ACLR. Gait 

kinematics can be influenced by graft orientations, exhibiting less ROM in anterior-posterior translation 

with more vertical orientation in the sagittal plane. 
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PLATELET-RICH PLASMA COMBINED WITH HYALURONIC ACID HYDROGEL FOR 

PORCINE CARTILAGE REGENERATION – A SIX MONTHS FOLLOW-UP 
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Nanjing 210093, Jiangsu, China.  

 
Objective: To further test the therapeutic feasibility of Platelet-rich plasma (PRP) combined with 

Hyaluronic acid (HA) hydrogel on cartilage repair, the focal cartilage defects with critical size in the 

medial femoral condyle of a porcine model was used. Moreover, the defects with different sizes were 

created to assess which defect size it is suitable for repairing in future clinical applications. 

Materials and Methods: Twenty four skeletally mature minipigs were randomly divided into three 

groups, including m-HA hydrogel combined with PRP injection treated (m-HA + PRP group), m-HA 

hydrogel treated (m-HA group) and untreated (Blank group). Four defect sizes were created in the medial 

femoral condyle weight bearing area in both knees. Full-thickness (FT) cartilage defects with the 

subchondral bone preserved (6.5 mm in diameter, 8.5 mm in diameter) and osteochondral defects with the 

subchondral bone removed (6.5 mm in diameter, 5mm in depth; 8.5 mm in diameter, 5mm in depth) were 

included in this experiment. At 6 months, all minipigs were sacrificed for assessment of macroscopic 

appearance, Magnetic Resonance Imaging (MRI), micro-computed tomography (µCT), histology staining 

and the evaluation of elastic modulus, hardness of the regenerated tissue.  

Results: The m-HA + PRP treated group had improved gross healing and histological scores, compared 

to m-HA treated and spontaneously healing empty defects. The improved-quality repaired cartilage 

demonstrated by MRI and better subchondral bone reconstruction assessed by µCT were also observed in 

m-HA + PRP treated group. The m-HA + PRP treated group showed more hyaline-like cartilage exhibited 

by histological staining in terms of extracellular matrix, cartilage lacuna and type Ⅱcollagen. The 

mechanical properties were also improved in m-HA + PRP treated group, but remained inferior to normal 

cartilage. 

Conclusions: The Hyaluronic acid hydrogel combined with PRP injection appeared to improve cartilage 

healing in critical size defects in the minipig model evaluated for 6 months, with better cartilage healing 

in Full-thickness cartilage defects compared to osteochondral defects. The osteochondral defect with 

8.5mm in diameter, 5mm in depth can be repaired by this repair system. 
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SARGASSUM INTEGERRIMUM INHIBITS OESTROGEN DEFICIENCY AND 

HYPERLIPIDAEMIA-INDUCED BONE LOSS BY UPREGULATING NRF2 IN FEMALE RATS 

Kefeng Wu1, Zhongqin Gong2, Liyi Zou1, Hua Ye1, Changxiu Wang1, Yangchun Liu3, Yan Liang1, 

Yanping Li1, Jianwei Ren4, Liao Cui1, Yi Liu1 

1Guangdong Medical University, China, 2Shenzhen Ritzcon Biological Technology Co., Ltd., China, 
3Jiangxi Medical College, Queen Mary College of Nanchang University, China, 4School of Biomedical 

Sciences, The Chinese University of Hong Kong, New Territories, Hong Kong, China 

 
Oestrogen deficiency, high incidences of hyperlipidaemia (HLP) and accelerated bone loss frequently 

occur in postmenopausal women. There is an urgent need to develop functional foods or specific drugs to 

protect against bone loss induced by oestrogen deficiency with HLP. In this study, we investigated the 

potential inhibitory effects of Sargassum integerrimum (SI) on bone loss in an ovariectomized rat model 

with HLP. After rats were treated with SI for 12 weeks, the femur bone mineral density increased (P < 

0.05), and the microscopic structures (ratio of bone volume to total volume [BV/TV], connectivity density 

[Conn.D], trabecular number [Tb.N] and trabecular thickness [Tb.Th]) of the bone trabecula and 

mechanical properties (maximum and breaking load [ML and BL, respectively] improved (P < 0.05). 

Furthermore, the levels of HLP biomarkers (total cholesterol, triglyceride and low-density lipoprotein) 

were significantly decreased (P < 0.05), whereas the levels of antioxidant markers (superoxide dismutase 

and total antioxidant capacity) were increased (P < 0.05). Similar results were obtained with 

immunohistochemical staining, whereas the Western blot assay showed that SI stimulated the expression 

of nuclear factor (erythroidderived 2)-like 2 (Nrf2) in bone. Our data indicate that rats exposed to SI 

treatment for 12 weeks did not exhibit noticeable side effects. In conclusion, SI suppressed bone loss 

induced by ovariectomized and the associated HLP in rats by activating Nrf2, which could be a promising 

treatment option for osteoporosis induced by oestrogen deficiency and HLP in postmenopausal women.  
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Key words: Iron accumulation; H type vessels; Osteoblast; HUVEC; mTOR 

Objective: The study aims to observe the variety of H type vessels in mice with iron accumulation, to 

explore the mechanism of iron accumulation influent H type vessels of bone via osteoblastic mTOR. 

Methods: Animal experiment: 8-weeks-old male mice(C57/BL6, n=16) were took in this experiment, 16 

male mice were divided into control group(Ctrl group) and high iron group(Fe group). Fe group mice 

were treated intraperitoneally three times a week for 2 months with 40mg/kg ferric ammonium citrate 

(FAC), Ctrl group mice received intraperitoneal injections of physiological saline. All mice were 

sacrificed to isolate   tibias and femurs to test the number of H type vessels in bone by 

immunofluorescence with both EMCN and CD31.Cell experiment: The HUVECs were co-cultured with 

osteoblasts indirectly. The HUVECs co-cultured with two group osteoblasts(cont group and iron group), 

the migration function was assayed by scratch test, the function of tube formation was detected via Tube-

Formation Test and measured HUVEC Activity in Vascular Endothelial Cells by EMCN 

Immunofluorescence. The expression and phosphorylation of KDR on HUVECs were tested by Western 

Blot. siRNA targeting at mTOR were transfected into iron group osteoblasts (iron+si-MT group) to 

observe if above indexes were recovered, the negative control group were transfected with negative 

siRNA(iron+siR-NC group). 

Results: Animal experiment: The immunofluorescence of tibias shows deceased H type vessels in bone 

of Fe group mice.  

Cell experiment: HUVECs co-cultured with iron group osteoblasts showed impaired cell migration and 

tubular formation, and the phosphorylation of KDR was inhibited. All the indexes recovered in the group 

of iron+si-MT, but no significant variety in iron+siR-NC group. 

Conclusion: Iron accumulation can significantly reduce the number of H-subtype blood vessels in bone 

of mice. The possible mechanism of iron accumulation affecting H-subtype blood vessels in bone is that 

iron accumulation can activate the level of mTOR of osteoblasts and restrict the activation of KDR on the 

surface of vascular endothelial cells, thus inhibiting the activity of vascular endothelium, and decreasing 

the number of H-subtype blood vessels in bone affects the bone mass of mice.  
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Objective: The objective of this study was to investigate the correlations between the gender- and body-

site-specific factors and bone mineral density (BMD) at the lumbar spine and femoral neck in population 

aged ≥50 years and older in Suzhou.  

Methods: A total of 2602 subjects who had undergone comprehensive routine health examinations in our 

hospital from January 2011 to December 2017 were enrolled in this study. The data of age, height, weight, 

waist circumference and blood pressure were collected, the BMD of lumbar spine and femoral neck was 

measured, and other biochemical markers and serum tumor markers were assayed.  

Results: Multiple linear regression analysis showed that age, waist circumference and ALP were the risk 

factors for the decline of bone mass in lumbar spine or femoral neck, while height, BMI and systolic 

blood pressure were protective factors. In addition, serum ferritin is an important risk factor for the 

decline of BMD in women over 50 years of age. Further logistics regression analysis showed that older 

age, low height, low BMI and high ALP level may increase the risk of osteopenia or osteoporosis in both 

men and women. Among women, high serum ferritin level was another important factor for osteoporosis.  

Conclusion: This study revealed the relationship between gender- and body-site-specific factors and 

BMD in people over 50 years old. The older age and high ALP are the risk factors of bone loss in both 

two genders, while height and BMI have certain protective effect on bone mass. At the same time, iron 

accumulation in postmenopausal women will further increase the risk of osteoporosis.  
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PERK SIGNALING ENABLES ATG5 AND ATG7 TO ACTIVATE 

AUTOPHAGY INTERPLAYS WITH UPR 
Wei Zheng, Weiwei Xie, Danyang Yin, Rui Luo, Min Liu, Fengjin Guo* 

Department of Cell Biology and Genetics, Core Facility of Development Biology, Chongqing Medical 

University, Chongqing 400016,China 

 
Introduction:Autophagy and ER stress are involved in maintaining some well-orchestrated mechanisms 

aimed at either restoring cellular homeostasis or performing cell death.In current study,we demonstrated 

that Tm-induced ER stress can activate autophagy while Rapamycin-induced autophagy can inhibit ER 

stress in chondrocyte.Autophagy related protein ATG5 or ATG7 can promote autophagy and inhibit ER 

stress individually,and their combined effect can further improve the autophagy enhancement and the ER 

stress repression. Moreover,ATG5,ATG7 and ATG5+ATG7 lead cells into more S phase,increase the 

number of S phase and inhibit apoptosis as well.ATG5,ATG7 and ATG5+ATG7 regulate autophagy,ER 

stress,apoptosis and cell cycle through PERK/Nrf2 signaling,a vital UPR branch pathway. ATG5 and 

ATG7 connect autophagy with ER stress through PERK signaling.The protective effect of ATG5/7 

overexpression on chondrocyte survival relys on PERK signaling.The effect of siPERK and siNrf2 on the 

cytoprotective effect of ATG5/7 are of synergism,while the effect of siPERK and siATF4 are of 

antagonism.PERK signal may be the pivot for autophagy,ER homeostasis and ER-phagy in chondrocyte. 

Methods:Immunoblotting and RT-PCR were used to evaluate the expression of ATG5 and ATG7 in 

chondrocyte.Western blotting,Flow cytometry,immunofluorescence cell staining and confocal microscope 

were used to examine the effect of ATG5 and ATG7 on autophagy,ER stress,cell apoptosis and cell 

proliferation.Transmission electron microscope and confocal microscope were performed to visualize the 

autophagy flux and autolysosome formation. 

Results and discussion:Cell survival, proliferation, autophagy and apoptosis are intimately connected 

processes,which are regulated by the mammalian target of rapamycin (mTOR) kinase and the ER stress 

pathway, also known as the UPR.Selective autophagy of the ER—ER-phagy,a particular type of 

autophagy,is involved in ER degradation and ER homeostasis. It is reported that different mammalian 

flavors of ER-phagy are mediated by different receptors.This study can clarify the relationship between 

autophagy,ER stress and apoptosis,as well as the molecular events in this ER-phagy process,which have 

important pathophysiological consequences.We found that overexpression of ATG5 or ATG7 can 

improve autophagy, increase autophagy flux and autophosome formation. Meanwhile, the ER stress was 

inhibited after above mentioned cells being infected with Ad-ATG5 or Ad-ATG7,as assayed by PERK, p-

PERK and Nrf2 expression.Additionally,the combined effect of ATG5 and ATG7 can evidently enhance 

autophagy and inhibit ER stress comparing with individual treatment.More importantly,the protective 

effect of ATG5/7 overexpression on chondrocyte survival is dependent upon PERK 

signaling.Interestingly, the effect of siPERK and siNrf2 on the cytoprotective effect of ATG5/7 are of 

synergism, while the effect of siPERK and siATF4 are of antagonism.Our results showed that the 

protective effect of ATG5 and ATG7 overexpression on chondrocyte survival is dependent upon PERK 

signaling through ER-phagy process, suggesting that PERK signal is the pivot role for ER-phagy in 

normal ER homeostasis and overall cell health.More recently, autophagy can be regulated by cell cycle 

control, and has been shown to engage in a complex interplay with ER stress and apoptosis. In cellular 

procedure, autophagy, ER-phagy and UPR act as a cell survival pathway to suppress apoptosis, and on the 

other hand, it can result in cell death.The molecular regulators of every pathway are interconnected and 

affect each other. The cross-talk among autophagy, ER stress, apoptosis and cell growth are quite intricate. 

All of them regulate the overall fate of the cell synergistically. 
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INHIBITION OF PYROPTOSIS ATTENUATES STAPHYLOCOCCUS AUREUS-INDUCED 

BONE INJURY IN TRAUMATIC OSTEOMYELITIS 

Xiaobo Zhu1,2, Kaijia Zhang 1,2, Ke Lu1,2, Tianshu Shi1,2, Xingren Che1,2, Qing Jiang1,2.  

1 State Key Laboratory of Pharmaceutical Biotechnology, Department of Sports Medicine and Adult 

Reconstructive Surgery, Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing University 

School of Medicine, Nanjing, China, 210008 

2 Model Animal Research Center of Nanjing University, Nanjing, China, 210032 

 
Osteomyelitis is a severe infection of bone and typically leads to progressive bone resorption, destruction 

and dysfunction. Pyroptosis is a programmed cell death reported to be involved in various infectious 

diseases. However, the existence of pyroptosis in osteomyelitis and the role it plays in osteomyelitis 

remains to be clarified. Here, we investigated the level of pyroptosis-associated proteins in osteomyelitis 

and the effects of inhibiting pyroptosis in S. aureus-induced osteomyelitis in vitro and in vivo. Our study 

verified the higher expression of pyroptosis-associated proteins in affected bone fragments from 

osteomyelitis patients. In addition, the murine osteomyelitis model was established and the μCT 

reconstructed images implied that osteomyelitis mice presented a distinct bone injury both 3 days and 7 

days after surgery, along with a higher expression of pyroptosis-associated proteins than control group. 

Furthermore, the inhibitors of pyroptosis-associated proteins were used to inhibit upstream of pyroptosis 

and the results revealed that administration of pyroptosis-associated proteins inhibitors alleviated S. 

aureus-induced pyroptosis both in vivo and in vitro. More importantly, the inhibition of pyroptosis also 

restored the bone formative property of MC3T3 cell line and normolized the aberrant activation of 

osteoclast. Thus, our study identified pyroptosis in bone tissues as a key element in osteomyelitis and 

elaborated that inhibiting bone cell pyroptosis could attenuate S. aureus-induced bone destruction in 

osteomyelitis, providing a potential treatment target for bone destruction in osteomyelitis. 
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FERRI ION: A POTENTIAL PATHOGENIC TOXICITY FACTOR INHIBITING BONE 

FORMATION OF POSTMENOPAUSAL OSTEOPOROSIS 
X. Wang1, Y.J. Xu2. 

1The Second Affiliated Hospital of Soochow University, China, 2The Second Affiliated Hospital of 

Soochow University, China. 

Primary type Ⅰ  osteoporosis is a bone metabolic disease induced by estrogen deficiency. Our 

previous researches have revealed a negative correlation between ferritin level and bone mass. We asked 

whether ferri ion may further aggravate the effect of estrogen deficiency on bone status. Ferric 

ammonium citrate, a most commonly used chalybeate, was injected to set up a iron overload mouse 

model. We examined and compared the bone mineral density among three groups of mice: E
＋
F

－
, E

－
F

－
 and E

－
F

＋
. Our comprehensive in vivo time-course experiments directly demonstrated that bone mass 

was declined to a certain degree by ovariectomy and maximally by iron excess. These effects were 

accompanied by fluctuations in the level of bone formation markers and reactive oxygen species. We 

extracted cDNA and proteins from every mice bone and measured osteogenic-related gene expression and 

proteins level. These differences were associated with bone status. To further study whether theseeffects 

were related to bone formation, mouse primary osteoblasts were used for in vitro experiments. We 

collected the serum from three groups of mice and cultured osteoblasts with these serum. Using the cell 

count assay, alkaline phosphatase staining, von-kossa staining and western blotting, we found that ferri 

ion did inhibit not only the viability but also the osteogenic ability of osteoblasts obviously through the 

production of reactive oxygen species (ROS). Our data provided direct evidence that ferri 

ion inhibited postmenopausal bone formation particularly via stimulating oxidative stress level or other 

yet unknown mechanisms. 
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IRON ACCUMULATION LEADS TO BONE LOSS BY INDUCING MESENCHYMAL STEM 

CELL APOPTOSIS THROUGH THE ACTIVATION OF CASPASE3 
 

Ye Yuan1, Youjia Xu1  

1Department of Orthopeadics, the Second Affiliated Hospital of Soochow University, China,  
 
 
Background: Osteoporosis (OP) is a disease associated with bone loss and microstructure degradation. 

Recent studies have shown that iron accumulation may be a risk factor for OP. Bone marrow 

mesenchymal stem cells (MSCs) are multipotent cells and precursors to osteoblasts. MSCs play an 

important role in OP. Therefore, we evaluated the correlation between MSCs and OP in an environment 

of iron accumulation. 

Materials & Methods: For in vivo analysis, 6 to 8 week-old C57 male mice were divided into the control 

group and the experimental group. The experimental group was intraperitoneally injected with ferric 

ammonium citrate (FAC), 0.1 g/kg for 8 weeks. In both groups, serum ferritin, P1NP, the three-

dimensional form of the distal femur trabecular bone reconstruction and spatial structural parameters were 

tested. MSCs accounted for the largest proportion of bone marrow cells. For in vitro analysis, human 

MSCs and mice MSCs were collected. Human MSCs were stained with Alizarin Red. Bone marrow 

MSCs were derived from C57 mice femoral bone marrow. After intervention with FAC for 24 hours, 

mice MSCs were tested for cellular ROS level, NOX4 protein expression level, cell cycle, cell apoptosis, 

and caspase3 expression level. The differences between the groups were evaluated using one-way 

ANOVA followed by Bonferroni's post-test to allow for multiple comparisons. 

Results: Alizarin Red staining of human MSCs revealed that MSCs from patients with high serum ferritin 

and low BMD were inhibited. In the FAC group of the animal model, serum ferritin was increased and 

P1NP was decreased. Micro-CT showed that in the FAC group bone volume fraction, number of 

trabeculae and trabecular thickness were decreased; however, trabecular spacing was increased. FAC 

inhibited MSC quantity in bone marrow and changed the MSC cell cycle. MSC apoptosis was increased, 

and more caspase3 was cleaved after the FAC intervention. 

Key Words: Iron accumulation; mesenchymal stem cells; bone loss 
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POROUS HOLLOW MAGNETIC NANOPARTICLES FOR TARGETED ACCUMULATION 

AND CONTROLLED RELEASE OF ICARITIN FOR PROMOTING FRACTURE HEALING IN 

MICE 

Peng Wang1; Kaijia Zhang1; Lan Li1; Qing Jiang1 

1 Department of Sports Medicine and Adult Reconstructive Surgery, Drum Tower Hospital affiliated to 

Medical School of Nanjing University, Zhongshan Road 321, Nanjing, P. R. China. 

 
Background: Delayed fracture healing and nonunion are major problem in the field of orthopedics, thus 

promoting fracture healing is of great significance. Existing drugs for promoting fracture healing such as 

BMPs and other growth factors are complex, expensive and low yield which are easily led to heterotopic 

ossification and other shortcomings, thus greatly limiting their clinical application. Icaritin is reported to 

have the ability to promote osteogenesis and angiogenesis. However, it is in poor targeting, rapid 

metabolic rate and low bioavailability after oral administration. Porous hollow magnetic nanoparticles are 

of great advantages as their small particle size, drug loading and other characteristics, which can also be 

gathered and positioned in the static magnetic field and heating in alternating magnetic field. Therefore, it 

is a good application prospect for drug controllable release in the present of alternating magnetic field to 

promoting fracture healing. 

Methods: Porous hollow magnetic nanoparticles were firstly synthesized by the high-temperature 

pyrolysis and controllable oxidation method. Subsequently, icaritin was loaded into the synthesized 

Porous hollow magnetic nanoparticles through nanoprecipitation method. Drug loading efficiency and 

release curve were measured by high performance liquid chromatography. The animal experiment was 

carried out by local injection into the fracture site of mouse twice a week. Various methods such as micro 

CT, histological analysis, three-point bending were employed to evaluate the fracture healing effects. 

Results: Our synthesized porous hollow magnetic nanoparticles showed good dispersibility, uniform size 

and have a high drug loading efficiency of icaritin. It also demonstrated a temperature-dependent increase 

of drug release from 13.6±0.3% at 37℃, 19.5±0.6% at 41℃ to 30.3±0.4% at 45℃. For micro CT 

measurement, the bone mineral density and the bone volume per tissue volume increased apparently 

under the treatment of our icaritin loaded porous hollow magnetic nanoparticles, which played a positive 

role in promoting the healing process of bone fracture when applied static magnetic field in the fracture 

site. Three-point bending measurement also emerged the same tendency. Surprisingly, no damage or 

inflammation were observed even after 6 weeks treatment through histology analysis, indicating the 

excellent biocompatibility and has great potential for clinical translation. 

Conclusions: The icaritin loaded porous hollow magnetic nanoparticles showed high drug loading 

efficiency and could be collected in the static magnetic field and shown hyperthemia under the alternating 

magnetic field to promote the release of icaritin, thereby promoting fracture healing. 
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DOUBLE NETWORK STRUCTURE HYDROGEL DESIGN FOR CARTILAGE REPAIR 

Lan Li1, Bin Xue2, Qing Jiang1  

1 Department of Sports Medicine and Adult Reconstructive Surgery, Drum Tower Hospital affiliated to 

Medical School of Nanjing University, China, 2 Department of Physics, Nanjing University, China.  
 
Introduction: The growth and development of cartilage are regulated by mechanical factors, and for the 

tissue engineering materials needed for cartilage repair, whether it can match the mechanical properties of 

the surrounding healthy cartilage tissue is the key factor affecting the repair effect. At present, the 

mechanical strength of hydrogel used in cartilage tissue engineering is generally poor. Based on this 

situation, we designed a double network structure hydrogel based on polymer and supramolecular 

polymer, and explored its properties. 

Materials: The polymer network was constructed by using polyacrylamide and methacrylate hyaluronic 

acid. And combined with the supramolecular network composed of self-assembled polypeptide (N-lysine-

phenylalanine-glutamic acid-phenylalanine-C) to form a hydrogel with double network structure. The 

microscopic morphology, rheological characteristics (elastic modulus / dissipative modulus), mechanical 

characteristics (compression-fracture ability, load recovery ability) of the hydrogel were characterized by 

means of rheometer, universal testing machine and scanning electron microscope. SW-1353 cells were 

used to detect its cytotoxicity. Finally, the hydrogel was implanted in the rabbit model to verify the 

treatment effect. 

Results: According to the change of hyaluronic acid content in hydrogel, the mechanical strength of 

hydrogel varied between 0.193-0.226MPa and had good recovery performance under mechanical load. 

The compressibility can be up to 60% and can be quickly restored in a few seconds. According to the 

change of hyaluronic acid content, the toughness of the hydrogel also changed, and the overall 

distribution range was 23.78-30.31 kJ/m3,. The hydrogel also had shear hardening and stress relaxation 

behavior, and its mechanical characteristics were similar to those of natural cartilage. In addition, the 

hydrogel also has good biocompatibility, and its viscosity can be adjusted by adjusting the concentration 

of hyaluronic acid to improve its shaping ability. Porous scaffolds with uniform pore structure can be 

prepared by UV cross-linking, and the microstructure of cartilage can be imitated. 

Conclusion: This kind of double network structure hydrogel not only has similar mechanical properties to 

native cartilage, but also has extracellular matrix like the native cartilage after adding hyaluronic acid. It 

can be quickly gelled under the action of long wave ultraviolet, so it can be used in situ filling or injection. 

The structural design of this hydrogel provides a potential tissue engineering material for cartilage repair 

and regeneration. 
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MAGNETIC NANOCOMPOSITE SCAFFOLD OF POLY LACTIC-CO-GLYCOLIC ACID 

PREPARATION AND PHYSICOCHEMICAL PROPERTIES FOR BONE REGENERATION 

Zizhuo Zheng1, Jieying Liu2, Yuxiao Lai1*, Hai Wang 2* 

1Shenzhen Institutes of Advanced Technology Chinese Academy of Sciences, China, 2Peking Union 

Medical College Hospital, China. 

Introduction: It has been implicated that magnetism plays a significant role in the regulation of cell 

responses [1]. In this study, we developed a 3D printed scaffold which made up of γ-Fe2O3 

nanoparticles and poly lactic-co-glycolic acid (PLGA) for bone and vascular regeneration. 

Materials & Methods: Magnetic nanocomposite scaffolds, which consists of poly lactic-co-glycolic 

acid (PLGA) and γ-Fe2O3 nanoparticles, were fabricated by low temperature 3D printing technology. 

The morphology, magnetism and mechanical properties of the biphasic scaffolds were tested 

respectively. BMSC and HUVEC were also used to evaluate the cell viability of the magnetic 

nanocomposite scaffolds in vitro. 

Results & Discussion: Magnetic nanocomposite scaffolds of PLGA/γ-Fe2O3 were fabricated by 3D 

printing. The microstructure of the scaffolds has shown in the figure (A). The Pore size is around 

600um and the porosity is approximately 71.5%. The mechanical test result demonstrated that the 

compressive modulus of the scaffold was enhanced along with increased Fe2O3 nanoparticles content. 

The compressive modulus of the PLGA/10% Fe2O3 and PLGA/20% Fe2O3 scaffolds are around 16.64 

MPa and 21.37 MPa, respectively. The magnetic induction intensity of the stent rapidly reaches the 

saturation magnetization with the addition of the applied magnetic field. After the applied magnetic 

field is cancelled, the material demagnetizes immediately, which exhibits the characteristics of 

superparamagnetism. The saturation magnetizations of the scaffolds consisted of 10% and 20% γ-

Fe2O3 nanoparticles are about 4.12 emu/g and 5.78 emu/g, respectively (B). From the CCK8 test 

result, we can see that BMSC and HUVEC grew well with scaffolds under applied magnetic field. 

Moreover, the HUVEC cell growth showed a 2.24-fold increasing after 7 days of incubation with 

PLGA/10% Fe2O3 scaffolds under magnetic field when compared with non-treated group (C). 

Conclusions: Overall, the results that magnetic nanocomposite scaffolds show suitable mechanical 

properties and magnetic response ability. Besides, the scaffolds can also promote cell proliferation in 

vitro. Therefore, this magnetic nanocomposite scaffold has potential application for bone and vascular 

regeneration. 
 

 

 

 
 

 

Fig. 1. (A) SEM micrographs of the PLGA scaffolds in 100x and 1000x; (B) Magnetic moment per mass measured 

at 310K for two different PLGA/γ-Fe2O3 scaffolds; (C) Cell viability of BMSC and HUVEC under applied 

magnetic field. 
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ANALYSIS OF CORRELATION BETWEEN LOCAL MUSCLE CONTENT (HIP AND 

WAIST) AND BONE MINERAL DENSITY AT DIFFERENT AGES 

G.W. Liu1, Y.J. Xu2. 

1The Second Affiliated Hospital of Soochow University, China. 2The Second Affiliated Hospital of 

Soochow University, China. 

Objective: Research on the correlation between muscle content and bone mineral density is a hot spot in 

the field of osteoporosis. There are many new viewpoints on the influence of muscle content on bone 

mass. This study mainly analyzed the relationship between "lumbar muscle content and lumbar bone 

mineral density" and "hip muscle content and hip bone mineral density" at different ages. It also analyzed 

the clinical data of "muscle-bone" in detail. It is hoped that: (1) there will be further analysis data on the 

age and location of "muscle content-bone change"; (2) functional training for different age groups in 

clinic, and There are further guidance suggestions to prevent bone loss.   

Methods: (1) A cross-sectional study was conducted on 8305 subjects over 50 years old who had 

undergone routine health examinations at Affiliated Second Hospital, Soochow University from June 

2008 to December 2013. (2) BMD (lumbar spine and hip) and local muscle content (hip and waist)were 

measured using dual-energy X-ray absorptiometry methodology (DXA) ,and all the data were sorted out. 

(3) The data were divided into two groups according to gender, each group was divided into four 

groups(50-59,60-69,70-79,≥80 years old) according to age respectively. The trend of local muscle content 

and bone mineral density with age was shown by polygraph. The relationship between local muscle 

content and bone mineral density was analyzed by partial correlation analysis and multiple linear 

regression.   

Results: (1)There was a positive relationship between hip muscle content and femoral neck BMD in both 

males and females at 50-59,60-69 years old(P<0.05),but there was no correlation at 70-79,≥80 years old. 

(2)There was no correlation between waist muscle content and lumbar spine BMD in both males and 

females,except for the negative relationship in males at 70-79 years old(P<0.05).   

Conclusions: Hip muscle content has a significant effect on femoral neck bone mineral density between 

50 and 70 years old in this study group. After 70 years old, hip muscle content has no significant effect on 

femoral neck bone mineral density. There is no correlation between lumbar muscle content and lumbar 

bone mineral density. There is a negative correlation between lumbar muscle content and lumbar bone 

mineral density in 70-79 years old group. Therefore, based on the research viewpoint of oligomyosis and 

osteoporosis, this study suggests that people aged 50-70 should pay attention to the increase of hip muscle 

(lower limb muscle) content in order to improve bone mass; people over 70 years old should pay more 

attention to the prevention of osteoporosis risk factors (such as falls, bone metabolism indicators, etc.) 

besides muscle content. 
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FACILE AND RAPID 3D PRINTING OF PHOTO-CROSSLINKABLE BIODEGRADABLE 

ELASTOMERS-MODIFIED Β-TCP SCAFFOLDS AS INSTRUCTIVE PLATFORMS FOR 

BONE TISSUE REGENERATION 

Qi Gan1,2,3, Yuan Yuan1,2,3, Changsheng Liu1,2,3 

1Key Laboratory for Ultrafine Materials of Ministry of Education, 2 The State Key Laboratory of 

Bioreactor Engineering, 3 Engineering Research Center for Biomedical Materials of Ministry of 

Education, East China University of Science and Technology, Shanghai, China 
 
Generally, bone tissue repair materials used in clinical should be biocompatible, biodegradable, non-toxic 

and osteoconductive, and have to be adapted to the biomechanical properties in tissue regeneration 

process. Poly (glycerol-sebacate) elastomer (PGS) has been widely studied due to its good 

biocompatibility degradability and excellent vascularization properties. Prepared porous repair scaffolds 

with properties like excellent mechanical behavior and good bioactivity is a hot spot in current research.  

In our research, PGS-2-Chlorocinnamoyl chloride (PGS-CC) is synthesized by acylation reaction; and 

then, we combined 3D printing technology and UV-cross-linking to prepare PGS-CC/β-TCP scaffolds. 

The results indicated that the incorporation of PGS-CC in β-TCP as compared to β-TCP and PGS/β-TCP 

scaffolds significantly improved its mechanical strength, brittleness, porosity and bioactivity. Specifically, 

pure potent toughness of PGS-CC (1:2) endowed the highest compressive strength and mechanical 

stability of the PGS-CC/β-TCP scaffold. Furthermore, PGS-CC/β-TCP (1:2) scaffolds displayed good 

biocompatibility and supported cell adhesion and proliferation. Further studies demonstrated that PGS-

CC/β-TCP (1:2) scaffolds possessed the highest osteogenic markers ALP, Runx2 and OCN mRNA 

expression in our research. It clearly illustrates that PGS-CC/β-TCP with interconnected macro porous 

scaffold could be a very promising clinical graft substitute in bone tissue regeneration application. 

Acknowledgements: The authors wish to express their gratitude to the financial supports from the 

National Natural Science Foundation of China for Innovative Research Groups (No. 51621002), 111 

Project (B14018) and the Fundamental Research Funds for the Central Universities. 

 

 

Figure 1: Preparation of PGS-CC/β-TCP and the SEM images of the 3D scaffolds. 
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METFORMIN IS BENEFICIAL FOR THE OSTEOARTHRITIC CHONDROCYTES 

Lei Xu 1,2, Fenbo Ma 1, Bin Tang 1, W. W. Lu2 

1Department of Biomedicine Engineering, Southern University of Science and Technology of China 
2Department of Orthopedics and Traumatology, the University of Hong Kong 

 

Purpose: to find out the effect of metformin on chondrocytes derived from the osteoarthritic patients. 

 

Methodology: Human chondrocytes were harvested from the articular fragments obtained from total 

knee arthroplasty of the osteoarthritic patients in late stage. After amplification chondrocytes were seeded 

into either 96-well plate or 6-well plate for further tests: 1) cell viability tests: MTT assay kit were used. 

Cell concentration initially seeded into the wells of 96-well plate was 4×105/ml. Serial gradient 

concentrations (1mM, 5mM, 10mM, 20mM, and 50mM) of metformin hydrochloride were used. 

Incubation time includes 1 day, 3 days, and 5 days. 2) Wound-healing assay: cells were seeded into a 6-

well plate. After fully grown, culture microliter sterile pipette tip was used to cause a scratch. The 

microscope was used to evaluate and measure the scratch-induced wounds in the first 24 hours, whose 

width was finally assessed with ImageJ software (figure below). 3) RT-qPCR tests: After 1 week’s 

culture, the chondrocytes of P2, whose initial cells’ number were around 2×105/ml, were co-culture with 

medium include metformin hydrochloride of gradient concentration. After 7 days, RNA was isolated and 

amplified. Relative expression levels of osteoprotegerin, IL-1β, RUNX-2, IL-1β, β-Catenin and RANKL 

were measured with β-Actin as the reference gene.  

Results: MTT tests revealed that 1mM, 5mM, 10mM metformin could stimulate chondrocytes’ 

proliferation. Wound healing tests reveal that metformin could significantly increase the migration of 

chondrocytes. And qPCR results revealed that the metformin could significantly decrease the 

inflammatory expression. 

Conclusions: metformin has protective effect on the chondrocytes derived from osteoarthritic patients. 

 

Figure: the wound-healing tests and results. 
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STUDY OF ELECTROSPUN PHBV NANOFIBERS FOR BONE REGENERATION 

Zhang Xiao feng, Jiang Qing.  

Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School, China.  
 
Objective: Based on the electrospun PHBV nanofibers, four kinds of nanofibers were fabricated for bone 

regeneration including aligned PHBV nanofibers, aligned PHBV/HA nanofibers, random-oriented PHBV 

nanofibers and  random-oriented PHBV/HA nanofibers. 

 

Methods: In the vitro study, four kinds of nanofibers were fabricated for bone regeneration were 

investigated. The BMSCs cultured on the flat films were tested by CCK-8 kits and osteogenic markers. 

Cell proliferation tested with CCK-8 assay indicated that the BMSCs attached and proliferated more 

favorably on random-oriented PHBV nanofibrous meshes without HA. After one, two and four weeks of 

cell seeding, osteogenic markers including alkaline phosphate (ALP), osteocalcin (OCN), and mineralized 

matrix deposits were detected, respectively. In vivo study, the PHBV nanofibers were fabricated into 3D 

scaffolds and then the scaffolds were implanted into the rabbit 1.5cm radius defect for bone regeneration. 

The outcome of repairing the defect were tested through gross observation, X-ray, histological 

examination, SEM, CT three dimensional reconstruction and biomechanical test. 

 

Results:The results indicated that the introduction of HA could induce the BMSCs to differentiate into 

osteoblasts, SEM showed the BMSCs migrated and elongated along the same diection on the aligned 

meshes, BMSCs cells migrated and elongated randomly on the random-oriented meshes, the four kinds 

nanoibrous scaffolds could heal the bone defect 16 weeks after the operation, the random-oriented 

PHBV/HA nanofibrous scaffolds had the best osteogenic capacity among the four kinds nanoibrous 

scaffolds.  

 

Conclusion：The results in vivo and vitro study indicated that the HA loaded on the PHBV nanofibers 

could improve the bone regeneration capacity on the nanofibers. The random-oriented nanofibers may 

affect bone regeneration in a certain extent. 
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ALIGNED AND RANDOM-ORIENTED PHBV NANOFIBERS FOR NERVE REGENERATION 

Zhang Xiao feng, Jiang Qing.  

Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School, China.  
 
Objective: Based on the electrospun PHBV nanofibers, four kinds of nanofibers were fabricated for 

nerve regeneration including aligned PHBV nanofibers, aligned PHBV/Laminin nanofibers, random-

oriented PHBV nanofibers and  random-oriented PHBV/Laminin nanofibers. 

 

Methods: The Schwann cells seeded on four kinds of nanofibers fabricated for nerve regeneration were 

investigated through CCK-8 kits test and specific markers test. The PHBV nanofibers were fabricated into 

nerve guide conduits and then the conduits were implanted into the SD rats sciactic nerve defect for 

repairing the 12mm nerve gap. The outcome of nerve regeneration were tested through gross observation, 

sciatic functional test, histological examination, and electrophysiological test. 

 

Results: The results in vitro showed that the attachment and proliferation of Schwann cells on the PHBV 

meshes was good. SEM showed the Schwann cells migrated and elongated along the same diection on the 

aligned meshes, the Schwann cells migrated and elongated randomly on the random-oriented meshes. The 

results in vivo showed that the four kinds nanoibrous scaffolds could repair the sciatic nerve gap 8 weeks 

after the operation, the aligned PHBV/Laminin nanofibrous conduits and the aligned PHBV nanofibrous 

conduits could repair the nerve defect better than the random-oriented nanofibrous conduits. The Laminin 

did not affect the nerve regeneration capacity of the nanofibers both in vivo and vitro.The PHBV 

nanofibers could repair the nerve injury due to its capability of affecting endogenous neurotrophic factors 

secrection. 

 

Conclusion: The results in vivo and vitro study indicated that the the PHBV nanofibers could improve 

the nerve regeneration. The electrospun PHBV nanofibers could provide a novel and promising platform 

for peripheral nerve regeneration. 
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OSTEOGENESIS EFFECT OF RAPAMYCIN IN HIGH-TURNOVER OSTEOPOROSIS 

WITH IRON ACCUMULATION 
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Keywords： Osteoporosis；Rapamycin；Iron accumulation；Osteogenesis 

Objective: To study the osteogenesis effect of rapamycin in high-turnover osteoporosis with iron 

accumulation.  

Methods: 16 wild-type (Wt) female mice and 48 Hepcidin-knockout (ΔHep) female mice with C57/BL6 

genetic background were ovariectomized (OVX) at the age of 8 weeks to establish a high turnover 

osteoporosis model. All mice were divided into four groups: 16 ovariectomized mice with Hepcidin-

knockout were injected rapamycin (Rapa, 3mg/kg/d) intraperitoneally for twomonths (ΔHep+OVX+Rapa 

group), 16 ovariectomized mice with Hepcidin-knockout were injected rapamycin solvent (CMC) 

intraperitoneally for two months (ΔHep+OVX+CMC group), 16 ovariectomized mice with Hepcidin-

knockout  (ΔHep+OVX group) and 16 wild ovariectomized mice (Wt+OVX group). All mice were killed 

after the last treatment. Blood was collected from the intraocular canthal vein and centrifuged to get 

serum.  The soft tissues and muscles of the mice limbs were removed ，then the femur and tibia 

specimens were preserved. Some osteogenesis index in four groups were compared with micro-CT, 

biomechanical test, electron microscopy, HE staining, ELISA and q-PCR.      

Results: Micro-CT of femoral femur showed that BMD、BV/TV、TB.N、TB.Th、ConnD were 

decreased in △Hep+OVX group and △Hep+OVX+CMC group but was partially recovered with 

rapamycin injection. The biomechanical tests demonstrated the recovery of bending modulus of elasticity, 

bending energy, maximum bending stress and bending rigidity coefficient after rapamycin injection. HE 

staining and SEM showed that the amount of bone trabecula was markedly increased by rapamycin 

injection in ΔHep+OVX group. The serum levels of ALP, PINP and OCN measured via ELISA were all 

sharply reduced inΔHep+OVX group compared to Wt+OVX group, and the levels were partially 

recovered in ΔHep+OVX+Rapa group.  The 

mRNA expression levels (SP7, Runx2, OCN) were consistent with the levels measured via ELISA. 

Conclusion: Rapamycin has osteogenesis effect in the mouse model of high turnover osteoporosis with 

iron accumulation, and is expected to become a new target for the treatment of osteoporosis.  
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Key words： Elbow joint； Radius fractures； Joint instability 

Objective: To investigate the therapeutic strategies of radial head fracture combined with bony instability 

around the elbow． 

Methods: 31 patients with radial head fracture combined with bony instability around the elbow were 

treated．They were 21 males and 10 females，from 20 to 65 years of age(average，42.6 years)．Ulnar 

coronoid process fracture was found in 11 patients，ulnar olecranon fracture in 14 and capitellum 

fracture in 6．The radial head fracture was Mason type Ⅱ in 13 patients and Mason type Ⅲ in 18．All 

patients with radial head fracture were treated with mini—plate or screws．The 3 cases of ulnar coronoid 

process fracture of type Ⅰ  received conservative treatment when there was no displaced fracture 

fragment，or surgery after removal of the fragments in the joint and suture of the capsule．The 7 cases 

of type Ⅱand type Ⅲ fractures received intemal fixation with Kirschner wire or micro-plate after the 

anterior bundle of the ulnar collateral ligaments(UCL) were repaired．Bone and ligament reconstructions 

were necessary to rebuild elbow stability in one patient with type Ⅳ fracture．For the ulna olecranon 

fractures，Kirschner wire with tensile band was used in non-comminuted ones，or plate and screw 

fixation and bone graft in the 6 comminuted ones．The 6 cases of type I capitellum fracture were treated 

with compression screw fixation . 

Results: All wounds healed at the primary stage．All fractures united after 3 to 6  months  (average，5.1 

months)．All the patients were followed up for 18 to 36 months(average，24.3 months)．Traumatic 

osteoarthritis occurred in 3 cases ， and mild heterotopic ossification in 4 ． The mean range of 

motion(ROM)of the affected elbow ioint was 104° and the ROM of forearm rotation was 

118°．According to Broberg&Morrey evaluation system，the elbow function was rated as excellent in 7 

patients，good in 15，fair in 6 and poor in 3．The excellent and good rate was 71.0%． 

Conclusion: In order to achieve good functional restoration of the elbow ioint．the radial head fractures 

should be anatomically reduced and internally fixated with mini-plate or screws．Injury to the bony 

structures around the elbow，such as ulnar coronoid process fracture，ulnar olecranon fracture and 

capitellum fracture，must be repaired or reconstructed． 
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HEPCIDIN REDUCES IRON ACCUMULATION CAUSED-BONE LOSS THROUGH 

INHIBITING FERROPTOSIS 
H. Zhang1, Y.J. Xu1 

1. Department of Orthopaedics, The Second Affiliated Hospital of Soochow University, 1055 Sanxiang 

Road, 215004 Suzhou, China 

Objective：To explore the influence of ferroptosis on bone metabolism and the regulation effect of 

hepcidin on ferroptosis. 

Methods： This study consisted of two stages. In the first, collecting a small amount of bone tissue from 

3 patients with normal ferritin and 8 patients with elevated ferritin who all accepted hip arthroplasty and 

the data of healthy physical examination population ( all female). In the second, 7-momth-old hepcidin 

knock out mice (hepc-/-) were sacrificed and related specimens were collected. Levels of hepcidin, serum 

ferritin, and P1NP were detected by ELISA; Prussian blue staining to observe liver iron deposition; 

micro-computed tomography (Micro-CT) was used to detect femur bone microstructure; 

immunofluorescence was used to detect the ferroptosis biomark protein GPX4 in bone; transmission 

electron microscope (TEM) was used to observe the changes of mitochondria in osteoblasts; reverse 

transcriptase polymerase chain reaction (RT-PCR) to test the expression levels of ferroptosis-associated 

gene PTGS2 and osteoblast-associated genes ALP, RUNX2 and OCN after iron dextran treatment. 

Results：The bone mass of bone tissue was lower and the content of GPX4 was decreased in the patient 

group with higher ferritin. Healthy physical examination data showed a negative correlation between 

ferritin and bone mineral density in lumbar (partial correlation coefficient r = -0.17480, P = 0.0126), in 

femoral neck (r = -0.23670, P = 0.0007) and P1NP (r = -0.27965, P < 0.0001). Serum hepcidin and P1NP 

in hepc-/- group were decreased than WT group, but serum ferritin and liver iron were higher in hepc-/- 

groups. Because of the higher level of iron, BMD and GPX4 in hepc-/- mice downregulated compare with 

WT group. Next, we turned to cells committed to the osteoblast phenotype, we found that the 

mitochondria in iron treatment osteoblast were shrinked by TEM demonstrated the occurrence of 

ferroptosis. Moreover, mRNA expression level of PTGS2 was significantly increased and ALP, RUNX2 

and OCN were decreased in iron dextran treatment osteoblast. 

Conclusions： Hepcidin inhibited osteoblast ferroptosis to reduce iron accumulation induced bone loss. 
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EFFECTS OF HIGH STATIC MAGNETIC FIELDS ON THE RECOVERY OF 

MICROGRAVITY-INDUCED BONE LOSS IN MICE 

YR Xue1,2,3, JC Yang1,2,3, Y Shen1,2,3, SJ Zhou1,2,3, P Shang1,3* 

Research & Development Institute of Northwestern Polytechnical University in Shenzhen, Shenzhen 518057, China

 

School of Life Sciences, Northwestern Polytechnical University, Xi'an 710072, China

 

Key Laboratory for Space Bioscience and Biotechnology, Institute of Special Environment Biophysics, 

Northwestern Polytechnical University, Xi'an 710072, China  

 

Objectives: The purpose of this study is to investigate the effects of different strengths of high static 

magnetic fields (HiSMF) on the recovery of microgravity-induced bone loss, and to illustrate the change 

of the bone iron storage in this process.  

Methods: 8-week-old male C57BL/6 mice were used as experimental materials, and the hindlimb 

unloading (HLU) model was used to model osteoporosis mice. The study adopted different magnetic field 

strengths of HiSMF (2-4T, 6-8T, 10-12T) to research the effect of HiSMF on the bone structure, the 

mechanical properties and the bone iron content of osteoporosis mice.  

Results: The results showed that 4-week HLU significantly induced the destruction of the microstructure 

and the decreased of mechanical properties, and increased the iron content in femur. After recovery in 

different magnetic fields, the geomagnetic magnetic field（GMF）group and the 2-4 T group repaired 

the damaged femur microstructure and the mechanical properties of osteoporotic mice, and the recovery 

of 2-4 T group was better than the GMF group, and the increased femur iron content has also recovered to 

the control level. The 6-8 T group inhibited the recovery of damaged cancellous bone microstructure in 

osteoporotic mice, and increased iron content is not restored. The 10-12 T group also inhibited the 

damaged cancellous bone microstructure and reduced the mechanical properties of osteoporotic mice, and 

the increased iron content was not restored. Compared with the GMF group, the 2-4 T group significantly 

improved the femoral microstructure and the mechanical properties of osteoporotic mice, and reduced 

femur iron content. The recovery of the femur microstructure and the mechanical properties of 

osteoporotic mice under the 6-8 T and 10-12 T group was worse than the GMF group, and the femur iron 

content was higher.  

Conclusion: The 2-4 T group promoted the recovery of bone loss induced by HLU, 6-8 T and 10-12 T 

group inhibited recovery of bone loss. HiSMF have a certain effect on recovery of microgravity-induced 

bone loss, probably by changed iron content of the bone. 
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EFFECT OF CALCITRIOL ON ARTICULAR CARTILAGE AND SUBCHONDRAL BONE IN 

RATS INDUICED BY MONOSODIUM IODOACETATE 

SY.JIANG1 ,YL.MIN2 ,DS.WU3 , BL.XU1,2 * 

1,2,3Department of Pharmacology, Guangdong Key Laboratory for Research and Development of Natural Drug, 

Guangdong Medical University, Zhanjiang, Guangdong 524023 

 

To explore the effect of calcitriol on articular cartilage and subchondral bone in rats induced by intra-

articular injection of monosodium iodoacetate (MIA).  

Methods :Twenty-seven female SD rats were randomly divided into control (CON) group, MIA group, 

calcitriol (CAL) group. Rats in CON group were injected a single intra-articular of saline in the left knee, 

while rats in other groups were injected a single intra-articular of MIA (3mg/50μl). The rats were 

administered on the second day after the injection of MIA. The rats in CON group and MIA group were 

given 5ml/kg/d of saline, the rats  in CAL group was given 0.05μg/kg/d of CAL every day for 6 weeks. 

At the end of the experiment, the left femur was taken for safranine O-fixed green staining and the tibiwas 

collected for Micro-CT assay． 

Results :Compared with CON group, the OARSI pathological score of the medial femoral articular 

cartilage was significantly increased (P<0.01), while the cartilage thickness of the medial tibial articular 

cartilage was significantly decreased in MIA group (P<0.01). Compared with CON group, the thickness 

of the subchondral bone plate and Tb.N of the tibial subchondral bone were significantly increased in 

MIA group (P<0.01). Compared with the MIA group, the pathological score and the cartilage thickness in 

CAL group were significantly decreased (P<0.01), while the thickness of the subchondral bone plate and 

Tb.N of the tibial subchondral bone were significantly decreased (P<0.01).  

Conclusion :Calcitriol has a significant improvement on articular cartilage and subchondral bone in rats 

induced by MIA 
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LINK PROTEIN N-TERMINAL PEPTIDE STIMULATES CHONDROPROGENITOR CELL- 

BASED CARTILAGE REPAIR AND REGENERATION 

Ruijun He 1, Zhe Wang1, Zengwu Shao1, Baichuan Wang1.  

1Department of Orthopedics, Union Hospital, Tongji Medical College, Huazhong University of Science 

and Technology  

 

Objective: Articular cartilage defect and degeneration remain a challenge to orthopedic surgeons. 

Previous studies have shown that link-protein N-terminal peptide (LPP), which naturally exists in 

extracellular matrix of normal articular cartilage could induce the synthesis of proteoglycans and collagen 

type II in cartilaginous cell types. Cartilage stem/progenitor cell (CSPC), an endogenous cell 

subpopulation which enjoys stem-cell like activities, plays a significant role in cartilage degeneration and 

the intrinsic regeneration, showing promising value in retarding the process of osteoarthritis. We 

hypothesized that LPP could be a stimulator for stem cell based- cartilage regeneration by affecting 

biological behaviors, including proliferation, migration, differentiation and cartilage repair ability of 

CSPC.  

 

Methods: Cartilage stem/progenitor cells were isolated from Sprague-Dawley rats knee cartilage through 

a fibronectin differential adhesion assay and then identified using multilineage differential potency 

analysis and surface markers detection. We evaluated the promoting effect of LPP on proliferation, 

migration and chondrogenic differentiation of CSPCs. The chondrogenic differentiation related genes and 

proteins that were altered by LPP were quantitated with q-PCR and Western Blot assays. Three-

dimensional inductive culture of CSPC was conducted in the presence of TGF-β3 or LPP, and the pellets 

harvested were analyzed with safranine O staining, Toluidine Blue staining, and immunohistochemical 

assays.  

 

Results: LPP stimulated the proliferation of CSPC, accelerated the site-directional migration. 

Quantitative PCR and Western Blot demonstrated a higher expression of sox-9, collagen II and aggrecan 

under the treatment of LPP. In the pellets formed by CSPC that were inducted to chondrogenesis, the 

synthesis of extracellular matrix, especially aggrecan was promoted and the pellets treated with 50ng/mL 

LPP showed more distinct chondroid differentiation characteristics than those with TGF-β3.  

 

Conclusion: Link Protein N-terminal Peptide promotes the proliferation, migration and chondrogenic 

differentiation of cartilage stem/progenitor cells, which can effectively promote cartilage regeneration and 

endogenous repair. LPP demonstrates valuable application prospects in the chondroprogenitor cell- based 

articular cartilage repair and regeneration. 

 

Keywords: Cartilage; Stem cells; Link-protein N-terminal peptide; Chondrogenic differentiation; 

Cartilage Repair and Regeneration 
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RUNNING PROMOTES BONE REMODELING BY RECRUITING BONE MESENCHYMAL 

STEM CELLS DEPENDED ON CXCL1 

ZL, Yao1, PS, Chen2, XR, Zhang1, B, Yu1  

1 Department of Orthopaedics and Traumatology, Nanfang Hospital, Southern Medical University, Guangzhou 

510515, P.R. China, 2 Department of Orthopedics, Fuzhou Second Hospital Affiliated to Xiamen University, Fuzhou 

350007, Fujian, China.  

 

Objective: Exercise can promote bone metabolism, while the mechanism is still unclear. The purpose of 

this study was to investigate the effects of mechanical stress on bone metabolism of long bone in mice 

and the underlying mechanisms. 

Methods: Eight-week-old C57BL/6 mice were forced to run on a rodent treadmill machine or maintained 

a sedentary lifestyle in cage as control. After 5 weeks, tibial cancellous bone morphology was assessed by 

micro-CT scanning. Histological and immunohistochemistry analysis were performed to assess 

osteogenesis and osteoclast activity of tibial cancellous bone. BMSCs and osteoprogenitors were detected 

by flow cytometry and isolated for CFU-F clones. Bioinformatics was used to analyze the preliminary 

chemokines responsed to mechanical stress and the changes of chemokines were confirmed by real-time 

quantitative PCR (qPCR) in vivo. 

Results: Running group showed increased number of trabecular bone (Tb.N) and decreased trabecular 

space (Tb.Sp) compared to the control group. Immunohistochemistry and immunofluorescence analysis 

showed increased osteocalcin and osterix positive cells on to trabecular bone surface in running group. 

Tartrate-resistant acid phosphatase (TRAP) stain demonstrated no differences in osteoclast activity 

between groups. Moreover, running significantly increased the numbers of BMSCs and osteoprogenitors 

in femur and tibia according to CFU-F clone tests. Bioinformatics analysis found that mechanical stress 

stimuli up-regulated the expression of chemokine Cxcl1, Ccl2 and Cxcl16. In vivo PCR confirmed that 

tibial Cxcl1 expression increased after running. 

Conclusion: Mechanical stress stimulation promoted bone remodeling of cancellous bone by recruiting 

bone mesenchymal stem cells, which was induced from the elevated expression of Cxcl1 in trabecular 

bone after mechanical stimulation. 
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MICRORNA CHANGES OF BONE MARROW-DERIVED MESENCHYMAL STEM 

CELLS DIFFERENTIATED INTO NEURONAL LIKE CELLS BY SCHWANN CELL-

CONDITIONED MEDIUM 
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Yuan Zheng1, Hong-Yu Shi1, Heng Wu2, Ang Li3, Shi-Qing Feng1, *  

1Department of Orthopedics, Tianjin Medical University General Hospital, Tianjin, China,  

2Tianjin Key Laboratory of Lung Cancer Metastasis and Tumor Microenvironment, Tianjin Lung Cancer Institute, 

Tianjin Medical University General Hospital, Tianjin, 

 3Department of Orthopedics, Henan Provincial People’s Hospital, Zhengzhou, Henan Province, China.  

 

Bone marrow-derived mesenchymal stem cells differentiate into neurons under the induction of Schwann 

cells. However, key microRNAs and related pathways for differentiation remain unclear. This study 

screened and identified differentially expressed microRNAs in bone marrow- derived mesenchymal stem 

cells induced by Schwann cell-conditioned medium, and explored targets and related pathways involved 

in their differentiation into neuronal-like cells. Primary bone marrow-derived mesenchymal stem cells 

were isolated from femoral and tibial bones, while primary Schwann cells were isolated from bilateral 

saphenous nerves. Bone marrow-derived mesenchymal stem cells were cultured in unconditioned (control 

group) and Schwann cell-conditioned medium (bone marrow-derived mesenchymal stem cell + Schwann 

cell group). Neuronal differentiation of bone marrow-derived mesenchymal stem cells induced by 

Schwann cell-conditioned medium was observed by time-lapse imaging. Upon induction, the morphology 

of bone marrow-derived mesenchymal stem cells changed into a neural shape with neurites. Results of 

quantitative reverse transcription-polymerase chain reaction revealed that nestin mRNA expression was 

upregulated from 1 to 3 days and downregulated from 3 to 7 days in the bone marrow-derived 

mesenchymal stem cell + Schwann cell group. Compared with the control group, microtubule-associated 

protein 2 mRNA expression gradually increased from 1 to 7 days in the bone marrow-derived 

mesenchymal stem cell + Schwann cell group. After 7 days of induction, microRNA analysis identified 83 

significantly differentially expressed microRNAs between the two groups. Gene Ontology analysis 

indicated enrichment of microRNA target genes for neuronal projection development, regulation of 

axonogenesis, and positive regulation of cell proliferation. Kyoto Encyclopedia of Genes and Genomes 

pathway analysis demonstrated that Hippo, Wnt, transforming growth factor-beta, and Hedgehog 

signaling pathways were potentially associated with neural differentiation of bone marrow-derived 

mesenchymal stem cells. This study, which carried out successful microRNA analysis of neuronal-like 

cells differentiated from bone marrow-derived mesenchymal stem cells by Schwann cell induction, 

revealed key microRNAs and pathways involved in neural differentiation of bone marrow-derived 

mesenchymal stem cells. 
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Introduction. For posterior lumbar spine fusion, instrumentation is usually performed with 

pedicle screws (PS). There is a trend for minimally invasive techniques such as cortical screws 

(CS) to reduce the degree of muscle dissection needed, but implant failure complications in CS is 

not low (8.9%). Furthermore, the failure mechanisms of PS and CS remain unclear. This study 

aims to investigate load failure mechanisms of PS and CS and compare the stability of these two 

fixation methods. 

Method. Three vertebral cadaveric specimens (two L4 and one L5) from an aged group (>65yrs) 

were collected and prepared by removing all associated muscles and ligaments. For each 

specimen, a PS (diameter:5.5mm; length:40mm) and a CS (diameter:5.5mm; length:35mm) was 

inserted. Each screw underwent displacement controlled (10mm) vertical loading. The force-

displacement curve features were compared between these two fixation methods. 

Results. For all specimens, the comparative trend of the force-displacement curves between PS 

and CS generated from three specimens were consistent, three phases of force-displacement 

behavior featuring different PS and CS stabilities were discovered. During the initial phase (with 

the displacement of the screws on specimen 1: <1mm displacement; specimen 2: <2.5mm 

displacement; specimen 3: <3.5mm displacement), the forces required to migrate the PS were 

larger than the forces required to migrate the CS. However, a snap-through buckling effect was 

discovered at the second phase of the force displacement curves (with the displacement of the 

screws on specimen 1: 1-4mm; specimen 2: 2.5-7mm displacement; specimen 3: 3.5-6 mm 

displacement) whereas CS demanded larger forces to cause the same amount of displacement as 

PS. Interestingly, at the third phase (with the displacement of the screws on specimen 1: >4mm; 

specimen 2: >7mm displacement; specimen 3: >6 mm displacement), while the CS did not 

require increased force to cause increased displacement, PS demanded increasing force. 

Discussion. A three-phases-force-displacement behavior were discovered for PS and CS.  Under 

loading, the overall performance of CS is predictable, but PS fails faster than CS until the stable 

point is reached.  This phenomenon is possibly associated with the material complexity 

surrounding PS including both cortical and trabecular bone, whereas for CS the surrounding 

material is mainly cortical bone.   
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MECHANICAL LOADING PROMOTES THE EXPANSION OF PRIMITIVE 

OSTEOPROGENITORS AND ORGANIZES MATRIX AND VASCULAR 

MORPHOLOGY IN LONG BONE DEFECTS 
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, Christopher Stubbs4, Martin Pendola2, Cinyee Cai1, Kenneth A. 

Mann5 and Alesha B. Castillo1, 2, 3.  

1Department of Biomedical Engineering, Tandon School of Engineering, New York University, New York, NY 

10010 
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4Department of Mechanical Engineering, New York University, USA 
5Department of Orthopedic Surgery, Upstate Medical University, USA 
6Department of Biomedical Engineering, Southern University of Science and Technology, China 

 

Mechanical stimulation has crucial impact on bone formation [1] and has the potential to 

enhance bone repair [2]. The regulatory role that mechanical loading exerts on the osteogenic 

stem cell population and blood vessel morphology during bone repair is still unclear. Dynamic 

compressive loading after the onset of matrix deposition has been shown to enhance bone repair 

[3], we hypothesized that loading induces the expansion of the osteoprogenitor cell population 

within a healing bone defect, leading to increased osteogenic cell number. We further 

hypothesized that loading during the repair process regulates vascular and collagen matrix 

morphology and spatial interactions between vessels and osteogenic cells. To address these 

hypotheses, we used a mechanobiological bone repair model, which produces a consistent and 

reproducible intramembranous repair response confined in time and space. Bilateral tibial defects 

were created in adult C57BL/6 mice, which were subjected to axial compressive dynamic 

loading either during the early cellular invasion phase on post-surgical days (PSD) 2-5 or during 

the matrix deposition phase on PSD 5-8. Confocal and two-photon microscopy was used to 

generate high-resolution 3D renderings of longitudinal thick sections of the defect on PSD 10. 

Endomucin (EMCN)-positive vessels, Prrx1+ Sca-1+ primitive osteoprogenitors (OPCs), and 

Osx+ preosteoblasts were visualized and quantified using deep tissue immunohistochemistry. 

New bone matrix was visualized with second harmonic generation autofluorescence of collagen 

fibers. We found that mechanical loading during the matrix deposition phase (PSD 5-8) 

increased vessel volume and number, and aligned vessels and collagen fibers to the load-bearing 

direction of bone. Furthermore, mechanical loading led to an increase in the proliferation and 

number of Prrx1+ Sca-1+ primitive OPCs, but not Osx+ preosteoblasts within the defect. 

Together, these data illustrate the adaptation of both collagen matrix and vascular morphology to 

better withstand mechanical load during bone repair; and the mechanoresponsive cell population 

is the primitive osteogenic progenitors. 
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Intramembranous and endochondral ossifications are two essential process of bone formation. It has been 

shown that the terminally differentiated osteocytes in intramembranous and endochondral ossifications 

are derived from mesenchymal cells and chondrocyte respectively. However, little is known if osteocytes 

derived from these two different ancestors have different geometrical and metabolic properties. In this 

study, we employed confocal structured illumination microscopy (SIM) and mRNA-seq analysis to 

characterize the geometrical properties of osteocytes from calvaria formed by intramembranous 

ossification and cortical bone formed by endochondral ossification. SIM and geometrical mathematical 

modelling revealed that calvarial osteocytes are round shaped with radiated dendritic processes, while 

cortical osteocytes are spindle shaped with perpendicular dendrites. Calvarial osteocytes are more 

randomly arranged within the bone matrix, while cortical osteocytes are orderly arranged with paralleled 

distributions of dendritic network along the axis of cortical bone. Further, mRNA-seq analysis detected 

8445 genes were differentially expressed, in which 121 genes were ossification-related. We also observed 

upregulation of Inppl1, Mapk3, Mtss1, Nf1, Plxnb1, Ptk2b, Smad3, Tacr1 and Bmp5 and downregulation 

of Alox15, Id1, Tac1, Ranbp3l in cortical osteocytes as compared to that in calvarial osteocytes. The 

varied expression of these cytoskeleton organization and dendrite development related genes may 

regulate the morphological differences of osteocytic cell bodies and dendrites. Finally, we showed that 

aging mainly affects the cortical osteocytes but not calvarial osteocytes. Aging causes distortion of 

osteocyte dendrites, and the deflection of osteocyte cell bodies in cortical bone but not calvarial bone. 

Together, in this study we suggest that there are two types of osteocytes, depending on the process of 

ossification. 
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THE PREPARATION OF RAT’S ACELLULAR SPINAL CORD SCAFFOLD AND 

CO-CULTURE WITH RAT’S SPINAL CORD NEURON IN VITRO 

 D-X Ban, Y Liu, T-W Cao, S-j Gao and S-Q Feng* 
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Study design: The rat’s acellular spinal cord scaffold (ASCS) and spinal cord neurons were prepared in 

vitro to explore their biocompatibility.  

Objectives: The preparation of ASCS and co-culture with neuron may lay a foundation for clinical 

treatment of spinal cord injury (SCI). Setting: Tianjin Medical University General Hospital, China 

Methods: ASCS was prepared by chemical extraction method. Hematoxylin and eosin (H&E), myelin 

staining and scanning electron microscope were used to observe the surface structure of ASCS. Spinal 

cord neurons of rat were separated in vitro, and then co-cultured with prepared ASCS in virto. 

Results: The prepared ASCS showed mesh structure with small holes of different sizes. H&E staining 

showed that cell components were all removed. The ASCS possessed fine three-dimensional network 

porous structure. DNA components were not found in the ASCS by DNA agarose gel electrophoresis. 

The cultured cells express neuron-specific enolase (NSE) antigen with long axons. H&E staining showed 

that the neurons adhered to the pore structures of ASCS, and the cell growth was fine. The survival rate of 

co-cultured cells was (97.53 ± 1.52%) by MTT detection. Immunohistochemical staining showed that 

neurons on the scaffold expressed NSE and NeuN antigen. Cells were arranged closely, and the channel 

structures of ASCS were fully filled with neurons. The cells accumulated in the channel and grew well in 

good state. 

Conclusion: The structure of ASCS remained intact, and the neurons were closely arranged in the 

scaffolds. These results may lay a solid foundation for clinical treatment of SCI when considering glial 

scar replacement by biomaterials. 
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THE INFLUENCE OF BODY MASS INDEX ON MICROSTRUCTURAL AND 

PATHOLOGICAL CHANGES IN OSTEOCHONDRAL UNIT OF OSTEOARTHRITIS 

L Chen1, F Yao1, C Jones1, T Wang1, J Gao1, O Beaumont1, D Wood1, MH Zheng1 

1Center for Orthopaedic Research, University of Western Australia, Australia 

 

Introduction：Osteoarthritis (OA) is a highly prevalent disorder affecting the whole joint structure 

including articular cartilage and subchondral bone1. Obesity is considered as a high risk for accelerating 

OA development, which eventually leads to total knee replacement (TKR). However, the precise impact 

of obesity on pathology of the osteochondral unit remains unclear.  

Methods：We analysed data of TKR between 1999 and 2015, including OA patients’ age, BMI and 

gender, from Australia Orthopaedic Association National Joint Replacement Registry (AOANJRR) and 

British National Joint Registry (NJR). The correlation between BMI and the age of surgery was evaluated. 

In addition, we collected 88 tibia plateaus from OA patients following TKR in Western Australia to 

investigate the effect of BMI on microstructural and pathological changes in osteochondral units of OA 

tibia plateaus. 

Results: Large Cohort Cross-sectional Study: In total, we analysed 616,496 cases, and all patients were 

categorized into four subgroups: Normal weight (BMI≤25kg/m2), overweight (25<BMI≤30 kg/m2), Obese 

Class 1&2 (30<BMI≤40kg/m2) and Obese Class 3 (BMI≥40kg/m2). Analysis of the mean age among four 

categories by One-way ANOVA, followed by post-hoc comparison showed a significantly progressive 

fall in the age at patients received TKR and BMI (P<0.0001, figure 1A). The mean age of patients with 

BMI ≥40kg/m2 showed 8 years younger than patients with BMI ≤25kg/m2. Similar correlation was shown 

in both male and female patients. Case Series Study: Histomorphometrical analysis showed increased 

bone formation was associated with increased BMI in both medial and lateral compartments, as higher 

thickness of osteoid (p<0.01), osteoid volume (p<0.01), osteoid surface (p<0.01) were found in patients 

with higher BMI, by linear regression. However, no alteration of bone resorption and microstructure were 

shown to be related to BMI. Intriguingly, cartilage degradation assessed by OARSI grading system 

showed less cartilage degradation was associated with increased BMI, while patients with BMI≥40kg/m2 

demonstrated a higher incidence of clear anatomical separations close to tidemarks by logistic regression 

(p<0.01). Those separations were filled with fibrosis, erythrocytes and bone fragments. Due to the 

inhomogeneous mechanical property in the cartilage-bone interface, the tidemark, as a weak point, is 

incapable to withstand the increased shear stress, caused by high BMI. This may eventually cause the 

splitting, which likely to cause severe pain, and prepone the TKR in obese patients (Figure 1B). 

Conclusions：Our study demonstrated that high BMI is a predictor of an earlier age of TKR for OA. Our 

observation of pathological changes close to tidemarks, less cartilage degradation and increased bone 

formation in morbidly obese OA patients may suspect that abnormal loading in knee joint due to high 

BMI led to the deterioration of binding site of osteochondral unit. These might be the new mechanism of 

the rapid progression in obesity-related OA.  
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Introduction: The purpose of this study was to find out if there is any difference towards intercondylar 

fossa width and notch width index (NWI) among tibia intercondylar eminence avulsion fracture, ACL 

injury patients and healthy control subjects 

Materials & Methods:10 tibia intercondylar eminence avulsion fracture patients (Fracture group) with 

MRI examination who came to our hospital were enrolled in the study. 13 ACL injury patients and 22 

control subjects were enrolled. The width of the intercondylar fossa and femoral condylar were measured. 

NWI was calculated. The differences of intercondylar fossa width and NWI in the three groups were 

calculated.  

Results: The intercondylar fossa width and NWI in ACL injury group were significantly lower than that 

in fracture and control groups; No significant difference was detected between fracture and control groups.  

Discussions: Intercondylar notch stenosis may be related to ACL injury, but not tibia spine fracture 

Conclusion: Intercondylar notch stenosis may be a risk factor of ACL injury but may be not associated 

with tibia spine fracture 

 

Reference:  

Li H, et al. Association Between Magnetic Resonance Imaging-Measured Intercondylar Notch Dimensions and 

Anterior Cruciate Ligament Injury: A Meta-analysis. Arthroscopy, 2018, 34:889-900.  
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TREHALOSE REDUCES BONE LOSS OF EXPERIMENTAL BILIARY CIRRHOSIS 

RATS BY ENHANCING AUTOPHAGOSOME FORMATION TO REGULATE ERK 

PHOSPHORYLATION 

Xingquan Xu
＃

, Rongliang Wang
＃

, Qing Jiang1, 2*, Dongquan Shi1, 2* 

1 State Key Laboratory of Pharmaceutical Biotechnology, Department of Sports Medicine and Adult Reconstructive 

Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University Medical School, 321 

Zhongshan Road, Nanjing 210008, Jiangsu, China 

2 Laboratory for Bone and Joint Disease, Model Animal Research Center (MARC), Nanjing University, Nanjing 

210093, Jiangsu, China.  

 

Background: Bone mass loss is one of the serious complications of human primary biliary 

cirrhosis (PBC). No specific therapy has been definitely established. In this study, Trehalose, a 

novel autophagic inducer, was explored the potential protective effects on bone mass and 

architecture in bile ductligated (BDL) rats and mechanism during osteogenesis in vitro. 

Methods: Six-week old male rats were subjected to BDL or sham operation (SO) and were 

treated from the second postoperative week intermittently with either trehalose 1g/kg per day, or 

a vehicle for 4 weeks. Femoral bones and livers were evaluated ex vivo by histomorphometry 

and/or Micro-CT analysis. Several serum indexes were determined using ELISA. Additionally, 

we determined the potential positive effects of trehalose on osteogenesis and ERK signaling and 

autophagic flux changes during the treatment of trehalose on MC3T3-E1 cells.  

Results: BDL rats had more obvious liver cirrhosis compared with SO in rats after BDL, and 

trehalose had the ability to reverse the cirrhosis development. Meanwhile, the administration of 

trehalose increased femoral bone mineral density (BMD)and constructions according to the 

results of various bone parameters. Consistently, we found osteogenic ability of trehalose at least 

in part, was mediated through the ERK signaling in vivo. Furthermore, trehalose-induced 

phosphorylation of ERK was found to be associated with the autophagy in MC3T3-E1 cells. 

However, the osteogenic effects and ERK phosphorylation of trehalose were partially advanced 

by autophagic flux inhibitor Hydroxychloroquine. 

Conclusions: Taken together, these results indicate that loss of bone mass and structure in BDL 

rats can be prevented by the intermittent administration of trehalose and the osteogenic ability 

was in the regulation of ERK phosphorylation through the promotion of autophagosome 

formation dependent on autophagic flux. Thus, trehalose is a potential therapy for osteoporosis in 

PBC. 
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ANGIOPOIETIN-2 INDUCES THE NEURONAL DIFFERENTIATION OF MOUSE 

EMBRYONIC NSCS VIA PHOSPHATIDYLINOSITOL 3 KINASE-AKT PATHWAY-

MEDIATED PHOSPHORYLATION OF MTOR 

HX Zhou1,2, L Lu1,2, J Liu1,2, Y Kang1,2, L Liu1,2, YF Lou1,2, C Zhang1,2, SQ Feng1,2 

1Department of Orthopedics, Tianjin Medical University General Hospital, PR China; 2Tianjin Neurological 

Institute, Key Laboratory of Post-Neuroinjury Neurorepair and Regeneration in The Central Nervous System, PR 

China. 

Abstract: In light of the potential of neural stem cells (NSCs) to generate new neurons to 

compensate for loss and to reconstruct damaged neuronal circuitry, NSC-based therapies have 

shown great promise in treating numerous central nervous system (CNS) injuries and 

neurological diseases. The fate of neural stem cells (NSCs) is decided by numerous growth 

factors. Among these factors, the well-known angiogenic factor angiopoietin-2 (Ang-2) has been 

revealed to participate in neurogenesis separate from its role in angiogenesis. However, the effect 

of Ang-2 on the fate determination of mouse embryonic NSCs and the underlying mechanism 

remain unclear. This result of this study indicated that treatment of mouse embryonic NSCs with 

200 ng/ml Ang-2 significantly promoted neuronal differentiation without affecting glial 

differentiation, and mammalian target of rapamycin (mTOR) was phosphorylated in a 

phosphatidylinositol 3-kinase (PI3K)/Akt-dependent manner during this process. Rapamycin, a 

specific mTOR inhibitor, suppressed the increase in neuronal differentiation stimulated by Ang-2, 

and this suppression did not result from an effect of Ang-2 or rapamycin on the apoptosis of 

differentiated NSCs. Collectively, our research demonstrates that PI3K/Akt pathway-mediated 

mTOR phosphorylation plays an important role in the Ang-2-enhanced neuronal differentiation 

of mouse embryonic NSCs. 
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Objective: Osteoporosis (OP), especially the postmenopausal osteoporosis(PMOP), is the most common 

metabolic bone disease, posing a substantial public health burden in our aging population and its 

development is significantly influenced by aberrant epigenetic modifications of numerous PMOP 

susceptible genes. As a well-recognized epigenetic regulation, running exercise can protect the elderly 

from osteoporosis and osteoporotic fracture. However, the precise mechanisms that epigenetic 

modification (DNA methylation alterations) affect PMOP pathogenesis and running exercise relieve 

PMOP remain undefined. This study investigates the critical role of epigenetic Nrf2 suppression in PMOP 

development and running exercise can attenuate the aberrant hypermethylation of Nrf2 promoter and 

subsequently alleviate ovariectomy-induced bone volume loss in mice. 

Methods: The expressions of Nrf2 and bioactive DNA methyltransferases (DNMT) from mice incurred 

by Sham surgery and OVX(Ovariectomy) surgery were examined. DNA methylations of Nrf2 promoters 

were assessed by MSP or BSP. Bone volume protections by running exercise were compared between 

wild type and Nrf2 knockout mice. 

Results: Osteoblasts in trabecular bone from both PMOP patients and mice induced by OVX display 

significantly suppressed Nrf2 expression, which is found due to aberrant elevations of methyltransferase 

DNMT1 and DNMT3a and consequential Nrf2 promoter hypermethylation. Interestingly, running 

exercise effectively inhibit the expression of both DNMT1 and DNMT3a, thus reversing the Nrf2 

promoter hypermethylation, recovering the Nrf2 loss and effectively attenuated the bone volume loss in 

PMOP mice. In addition, running exercise also attenuate OP-associated excessive inflammatory cytokines 

and deficit anti-oxidant enzymes, which were inhibited by a specific Nrf2 inhibitor in cultured primary 

osteoblast. More impressively, running-confered protections against the bone loss and the associated 

abnormalities of OP-susceptible factors were significantly abrogated in Nrf2 knockout mice. 

Conclusion: Epigenetic Nrf2 suppression plays a key role in OP development and Nrf2 restoration via 

promoter demethylation attenuates ovariectomy-induced bone volume loss in mice. 
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Background: Tendon is a special tissue that joint muscle and bone and conduct mechanical loading from 

muscle contracture to bone. This mechanosensitive tissue has extracellular matrix mainly composed by 

collagen fiber, which is arranged in regular arrays. During the load transfer from daily activity, tendon 

cell located between collagen fibers, received stimulus including compression and elongated strain. There 

have been intensive studies about mechanical loading and tendon homeostasis. The widely known basis is 

that unusual loading could direct to tendon injury either through acute or chronic process, resulting in 

altered cell and extracellular matrix. Overused tendon has been known to have microdamage and finally 

lead production or cytokines and tendinopathy. However, disused tendon was much less investigated 

regarding cellular or extracellular changing. Reduced daily exercise can occur in patients in earlier 

rehabilitation after musculoskeletal trauma or during neurological disease, and muscle and tendon could 

be atrophy if no regular mechanical stimulus is applied. Therefore, the insight of the cellular and 

extracellular change of the tendon in disused condition is great of importance. In our study, we 

interestingly found that tendon derived stem cell (TDSC) from disused tendon has impaired cell function 

and more importantly, extracellular collagen underwent degeneration changing.  

 

Methods and Results: In this study, botulinus toxin (botox) was intramuscularly injected on the anterior 

site of the left thigh of 12weeks aged mouse. The control one was injected with PBS. After 2 weeks, mice 

were sacrificed and TDSCs were isolated. Patella tendons were evaluated. The results showed diminished 

TDSCs differentiation towards osteogenesis, chondrogenesis and adipogenesis. Calcium node was less in 

botox group, and osteogenesis markers (ALP, BMP2 and RUNX2) expression were downregulated as 

well. Less chondrogenesis was demonstrated by Safarinin-O staining for pellet culture and decreased 

chondrogenesis markers expression (Aggrecan and SOX9). Decreased adipogenesis in botox group was 

reflected by less oil red staining. Also, colony formation ability was decreased as well in botox group. 

Through histological study, collagen fibers exhibited less aligned and less compacted than that in control 

group. Under polarized microscope, collagen fibers were confirmed to be wavier in botox injected group. 

As a result, we utilized collagen mimic peptides (CMPs) to detect collagen degeneration. The collagen 

degeneration remarkedly increased in botox treated group. Accordingly, protein expression of TNF-Alpha 

and MMP-13 were increased in TDSCs isolated from botox group.  

 

Conclusions: Our studies showed that the disused tendon compromised tendon cell function and 

extracellular matrix. Disused tendon showed compromised cell differentiation and proliferation. 

Furthermore, increased collagen degeneration and production of MMP-13 and TNF-Alpha explicated the 

possibility that tendon under disused condition could have pro-inflammation and subsequently induced 

collagen degeneration. In future study, more investigations will be conducted to reveal the mechanism 

between the inflammation, collagen degeneration and under-physiological mechanical loading. 
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Aims: To explore the combined effect on regeneration of OA chondrocytes by application of both AAV-

p65shRNA and AAV-BMP4.   

Methods and Materials: Cells isolation and sorting: Inflammatory chondrocytes and normal 

chondrocytes were harvested from the cartilage in the femoral condyles of the femur of the patients 

undergoing total knee arthroplasty through enzymatic digestion. Adeno-associated virus(AAV) package 

and infection: We prepared Adeno-associated virus(AAV)carrying short hairpin RNA (shRNA) targeting 

human P65(GCAGGCTATCAGTCAGCGCAT) or overexpress humanBMP4. Inflammatory 

chondrocytes were infected with 0.5 ml of virus-containing medium in a 6-well plate for 4 h before 

addition of virus- free medium. Quantitative real-time PCR (qRT-PCR) Total RNA was used for the 

synthesis of cDNA with the First Strand cDNA Synthesis Kit. the cDNA was subjected for qRT-PCR 

with SYBR® Select Master Mix Kit. Chondrogenesis assay: Three cell populations were made into 

pellets (2×105 cells per pellet) and cultured in chondrogenic medium supplemented with BMP4 (100 

ng/ml) and TGFβ3 (10 ng/ml). Samples were harvested on day 28 and embedded in a paraffin block. 

Pellet sections were stained with Alcian blue, Safranin O and Immunohistochemistry 

Conclusion: Combine inhibiting the NF-KB inflammation signal by AAV-p65shRNA and stimulating 

chondrogenic differentiation by AAV-BMP4 will yield the synergistic promoting effect of OA 

chondrocytes regeneration 
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Objective: Articular cartilage has a high-weight-bearing area (HWA) and low-weight-bearing 

area (LWA)1,2. And the macroscopic elastic moduli of the two regions are different3,4. But the 

chondrocytes are affected by the applied force at the microscopic level. The modulus of the two 

areas at the micro and nano levels is still unknown, and such information may be important for 

further understanding of cartilage micro and nano mechanics. Moreover, the micro and nano 

structure of the two areas, which influences the cartilage mechanical properties should be 

discussed.  

Methods: Atomic force microscopy (AFM) was used to measure the micro and nano 

compressive elastic modulus and the nano structure of porcine femoral head cartilage. Scanning 

electron microscopy (SEM) was employed to identify the cartilage micro structure. Results: The 

compressive elastic modulus of the HWA at the micro level was significantly higher than that of 

the LWA, while no statistically significant differences were found in elastic modulus of collagen 

fibril at the nano level. The collagen fibers of the HWA were found more regular and arranged 

than those of the LWA at the micro level. No significant differences between the structure of the 

two areas at the nano level were observed.  

Conclusion: The compressive micro elastic modulus of cartilage is consistent with the 

macroscopic compressive elastic modulus. The collagen fibers of the HWA were found more 

regular and arranged than those of the LWA at the micro level. At the nano level, no significant 

differences of compressive elastic modulus and structure of collagen fibrils between the two 

areas were found.  
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TWEAK-Fn14 INFLUENCES NEUROGENESIS STATUS VIA MODULATING NF-κB 

IN MICE WITH SPINAL CORD INJURY 

Fujiang Cao, Shiyang Yuan, Linlin Shi, Shiqing Feng.  

Department of Orthopaedics, Tianjin Medical University General Hospital, PR China. 

 

Purpose: Our research objective is to confirm the regulatory role of TWEAK-Fn14 in both NF-

κB and neurogenesis status after spinal cord injury (SCI) is developed. 

Methods: We constructed a mice model of spinal cord injury and injected different lentiviral 

vectors which were transfected with TWEAK, TWEAK siRNA and Fn14 siRNA into different 

groups of mice. Locomotor functional recovery status of the hind limb in mice was assessed 

using the Basso, Beattie and Bresnahan (BBB) test. Apoptosis status in the injured area was 

examined via TUNEL staining, the expression of GAP-43 in injured spinal cord was quantified 

by immunohistochemistry and other protein expressions were evaluated by either western blot or 

ELISA. 

Results: The expression of TWEAK, Fn14 and NF-κB in the model group was significantly 

higher compared with those in the control group. Furthermore, the TWEAK group in which 

TWEAK was overexpressed exhibited significantly higher expressions of TWEAK, Fn14 and 

NF-κB in relation to those in the model group (P < 0.05 for all). Moreover, the transfection of 

Fn14 SiRNA antagonized the above effect of TWEAK transfection on injured mice. On the other 

hand, the TWEAK siRNA group in which the expression of TWEAK was inhibited exhibited 

significantly lower expressions of TWEAK, Fn14, NF-κB, TNF-α and IL-1β. Moreover, the 

transfection of TWEAK siRNA enhanced the locomotor functional recovery status in injured 

mice and suppressed the apoptosis of injured areas (P < 0.05 for all).  

Conclusion: Stimulating the TWEAK-Fn14 pathway may elevate the expression of NF-κB, 

thereby potentially slow the function recovery of SCI mice whereas inhibiting the TWEAK-Fn14 

pathway may improve the neurogenesis status in mice with spinal cord injuries. 
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THREE-DIMENSIONAL PRINTING PATIENT-SPECIFIC OF CALCANEI FOR PRE-

SURGICAL PLANNING IN MINIMALLY INVASIVE TREATMENT OF CALCANEAL 

FRACTURES 

Lufeng Yao1, Haiqing Wang1, Jianghui Dong2, Liping Wang2* 

1Department of Foot and Ankle Surgery, Ningbo No.6 Hospital, China, 2School of Pharmacy and Medical Sciences, 

University of South Australia, Australia.  

 

Introduction: The sinus tarsi approach can be used as a minimally invasive approach for treatment of 

calcaneal fractures [1]. It is still a challenge to maintain the reduction and structure of the posterior facet 

of the calcaneus [2].  

  

Methods: Based on a three-dimensional (3D) printing technique, we proposed a minimally invasive 

technique treating calcaneal fractures by using the sustentacular screw (SS), the posterior articular surface 

screw of the calcaneal (PASS), the long axis screw of the calcaneal (LAS) and a pre-shaped plate. Firstly, 

a 3D bilateral calcanei model was used to simulate the placement of screws and acquire the screw 

trajectory parameters. Next, a 3D printing model of the calcaneus was printed, and the minimally invasive 

steel plate was pre-shaped to fit the lateral wall of the model. Finally, 31 patients underwent this 

procedure. 

 

Results: The post-operation average AOFAS (American Orthopedic Foot and Ankle Society) score was 

82.5 points (range: 85-100). VAS (visual analog scale) score was 1.8 points (range: 0-4). The evaluation 

of reduction of the calcaneal articular surface showed excellent result in 19 patients, good in 9 patients, 

fair in 3 patients, and poor in no patients. A case is shown in Fig.1. 

 

Discussion: Significant precise improvement was acquired for the placement of SS, PASS and LAS, and 

the parameters, such as Bohler’s angle, Gissane’s angle, and the calcaneal width. The proposed 3D 

printing patient-specific of calcanei for pre-surgical planning in minimally invasive treatment of calcaneal 

fractures improved the precision of screw placement and the accuracy of calcaneal posterior facet. The 

results showed that our method in treating calcaneal fractures via the sinus tarsi approach is a precise and 

safe minimally invasive method. 

 

Fig. 1 A typical case: (a) coronal and sagittal 

view of pre-operative CT scan; (b) models of 

bilateral calcaneus and the mirror of normal 

side; (c) 3D printed models of fractured 

calcaneus and the mirror side. (d) post-

operative X-ray on the lateral and axial view 

of calcaneus; (e) SS, LAS, and PASS were 

placed; (f) post-operation reconstruction; (g) 

post-operative contact ratio of the calcaneus; 

(h) clinical image of the sinus tarsi incision 2 

weeks after surgery. 
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“TWO-STEP” BONE TISSUE ENGINEERING STRATEGY FACILITATES THE 

HEALING EFFICACY INTHE CHALLENGING BONE DEFECT 
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Engineering Research Center of Tissue Engineering, Shanghai, China.  

 

Introduction: Tissue-Engineered Bone Grafts (TEBG) is believed able to fulfill the ever-increasing 

clinical demand for the treatment of challenging bone defect due to the limited supply of autologous 

grafts[1]. However, the clinical effectiveness is controversial and the poor cellular survival rate after 

transplantation is found to be one of the major issues[2]. Herein, we proposed a novel “two-step” bone 

tissue engineering (BTE) strategy, and the cell survival rate and healing efficacy in critical-sized cranial 

bone defect treatment were subsequently investigated. 

Methods: Rat bone marrow-derived mesenchymal stem cells (BM-MSCs) were firstly been infected by 

F-Luc-GFP lentivirus and then the BM-MSCsLuc+-Collagen composite was prepared. Two different 

strategies: “one-step” method (injection of the cell suspension or implantation of composite) or “two-

step” method (implantation + injection) were applied to treat the rat cranial defect, respectively. The cell 

survival was characterized by the In Vivo Imaging System (IVIS), and the μ-CT was applied to analyze 

the bone regeneration. The potential mechanism in terms of several typical inflammation cytokines 

expression was assayed by Elisa kits. 

Results: IVIS result revealed that the existence of fluorescent signal was prolonged when the defect was 

treated with the “two-step” strategy, and the signal was still detectable even at 21 days post-implantation, 

while the signal vanished at 7 days in the group that injected with the cell suspension. Coincidentally, the 

new bone volume and bony morphology were also found superior in the “two-step” method group as 

compared to that of the control and the “one-step” strategy. Results of Elisa assay showed that the IL-1β, 

TNF-α but not the IL-6 was suppressed when the “two-step” method was applied. 

Conclusion: Collectively, these data clearly demonstrated that the “two-step” strategy can effectively 

promote the healing efficacy of BTE when a same number of cells were employed and this is speculated 

to be attributed to the inflammation modulation ability of MSCs. 
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Figure 1. The images of in vivo fluorescent signal and bone formation by applying “two-step” BTE strategy. 
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