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Injectable hydrogels encapsulating magnesium and 3D-engineered polycaprolactone conduits 
for peripheral nerve regeneration
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Osteoinductive intramedullary implant accelerates bone regeneration and prevents nonunion in 
bone transport

Sien Lin, Gang Li
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong

Bone transport distraction osteogenesis (DO) represents one of the most successful surgery-driven tissue regeneration 
approaches for the treatment of large bone defects. However, prolonged consolidation, docking site nonunion, and pin 
tract infection remain challenging complications.

Here, we engineered an osteoinductive intramedullary (IM) implant by eluting bone morphogenetic protein-2 (BMP-2) 
from a biodegradable composite implant as an adjunctive therapy of bone transport to address the challenges. A distinct 
and stable surface coating technique was developed to enable BMP-2 sustain-release from the implants over 21 days. 
Surprisingly, 100% bony fusion could be achieved in the IM implants incorporating with 2 μg BMP-2 as early as 34 days 
after bone transport surgeries in the management of 8-mm femoral defect in rats. Load bearing was restored 55 days 
after surgeries, and without any pin tract infection. Mechanistic study showed that eluting BMP-2 from the IM implants 
could accelerate bone remodelling and angiogenesis at early phase, and increase mineralisation at late phase, especially 
at the docking sites, which resulted in early bony bridging. In contrast, DO only or additional IM implant showed high 
proportion of non-union and pin tract infections, with inactive bone formation at the docking sites. Furthermore, 2 μg BMP-
2 delivered by collagen sponge did not induce bone regeneration effectively, resulting in some non-unions and infections. 
In conclusion, this osteoinductive IM implant with slow-release properties holds great promise in revolutionising bone 
transport DO technique in the management of bone defect by accelerating bone regeneration and preventing complications 
in only one operation.
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The development of a magnesium-releasing and mechanically stable calcium phosphate bone 
cement possessing osteogenic and immunomodulation effects for promoting bone fracture 
regeneration
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How dentin matrix protein 1 plays a role in low-magnitude high-frequency vibration accelerated 
osteoporotic fracture healing via regulation of mineralisation

Michelle Meng Chen Li, Simon Kwoon Ho Chow, Ronald Man Yeung Wong, Wing Hoi Cheung
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong

Introduction: There is an increasing concern on osteoporotic fracture in ageing population. Low-magnitude high-
frequency vibration (LMHFV) can significantly enhance osteoporotic fracture healing through alteration of osteocyte 
lacuno-canalicular network (LCN). Dentin matrix protein 1 (DMP1) in osteocytes is responsible for maintaining LCN and 
mineralisation. This study aimed to investigate osteocyte-specific DMP1’s role in enhanced osteoporotic fracture healing 
in response to mechanical loading. 

Methods: Bilateral ovariectomy was done on 6-month-old female SD rats to induce osteoporosis. Metaphyseal fracture 
was created at left distal femur. Rats were randomised to groups: (1) DMP1 KD, (2) DMP1 KD + VT, (3) scramble + VT, or 
(4) VT, or (5) CT where KD stands for knockdown done by injection of shRNA into marrow cavity 2 weeks before surgery. 
Assessments included radiopacity, microCT, dynamic histomorphometry and immunohistochemistry on osteocyte-
specific markers. MLO-Y4 osteocyte-like cell culture was also done to verify the results.

Results: DMP1 KD significantly impaired vibration-enhanced fracture healing at week 6 as shown by comparing KD + VT 
to VT group in dynamic histomorphometry (p=0.036) and X-ray relative opacity (p=0.012). DMP1 KD also significantly 
altered the expression of osteocyte-specific markers during healing process.

Discussion and Conclusion: The impaired healing performance in DMP1 KD groups indicated that DMP1 knockdown 
led to poorer fracture healing process. Our results had confirmed that blockage of DMP1 would negate LMHFV-induced 
enhancement on fracture healing. These revealed the importance of DMP1 in response to the mechanical signal during 
osteoporotic fracture healing.

Acknowledgement: General Research Fund (Ref: 14113018) and Areas of Excellence Scheme (AoE/M-402/20)
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The influence of synovial lymphatic drainage function in anterior cruciate ligament rupture model
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Introduction: High levels of inflammatory factors accumulated in injured knee joints after anterior cruciate ligament 
(ACL) injury, which was associated with pain and swelling and increased risk of osteoarthritis. The synovial lymphatic 
system is proved to play a role in the clearance of inflammatory factors, but it is unknown if this function was impaired 
after the ACL injury. In this study, we aimed to measure the lymphatic drainage function in a non-invasive ACL rupture 
rodent model.

Methods: 10 male C57/BL6 mice were randomly assigned to the rupture group and control group. ACL rupture was 
created in right knee joints with a non-invasive manoeuvre. A 20 μl aliquot of 20 μg 70 kDa TexRed dextran was injected 
into the right knee joints 7 days after injury. The intra-articular signal intensity of TexRed dextran was measured by the 
IVIS system at 0, 1, 6, hours post-injection. The whole knee joint and draining lymph nodes were harvested and subjected 
to ex vivo IVIS imaging and immunofluorescence staining respectively.

Results: There was a significant decrease in dextran clearance rate at day 7 in the ACLR group; supported by a lower 
fluorescent signal in the upstream iliac lymph node 24 hours after injection, and a significant increase in dextran influx in 
the anterior portion of the synovial membrane in ACLR joints compared with the control group.

Discussion and Conclusion: We successfully established a non-invasive ACLR mice model. Impaired drainage function 
was found on day 7, suggest a potential early pathology of ACLR.

FP3.7

MSCx secretome enhanced proliferation, tenogenesis and inflammation resolution of inflamed 
human tendon-derived stem cells

Yuk Wa Lee, Shiyi Yao, Michael Tim Yun Ong, Patrick Shu Hang Yung, Pauline Po Yee Lui
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong

Mesenchymal stem cells (MSCs) and their secretome are emerging treatments for tendinopathy but their underlying 
mechanisms remains unclear. There has been no study on the effect of MSCx secretome on the functions of inflamed 
TDSCs. This study aimed to examine the effect of different concentrations of MSCx secretome on the functions and 
inflammatory response of TDSCs under an inflammatory environment in vitro. MSCx secretome was supplied by Rohto 
Advanced Research Hong Kong Ltd. hTDSCs were treated with different doses of MSCx secretome with/without  
IL-1β stimulation. The viability, proliferation and migration, expression of inflammatory markers, extracellular matrix 
(ECM) remodelling markers and multi-lineage differentiation markers in inflamed hTDSCs after treatment with MSCx 
secretome was examined. IL-1β significantly reduced the viability and migration of hTDSCs (Figure 1A-D). The addition 
of MSCx secretome dose-dependently increased the viability, proliferation and migration of hTDSCs with/without IL-1β 
stimulation. IL-1β induced the expression of pro-inflammatory markers, up-regulated the expression of adipogenic marker 
and reduced the expression of tenogenic markers in hTDSCs. The addition of MSCx secretome significantly reversed the 
effect of IL-1β. In summary, the tendon regenerative potential of TDSCs was compromised in an inflammatory environment 
which might explain ECM degeneration, tissue metaplasia and failed healing in tendinopathy. MSCx secretome enhanced 
the viability, proliferation, migration, tenogenesis and inflammation resolution of inflamed TDSCs. It might be useful as a 
cell-free stem cell-based therapy for the treatment of tendinopathy.



41st HKOA Congress, 2021

52

FP3.9

The mechanism and function of nerve invasion in osteophytes during osteoarthritis progression

Wenxue Tong, Zhi Yao, Dick Ho Kiu Chow, Jiankun Xu, Ling Qin
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Osteoarthritis (OA) is the most common form of arthritis and is characterised by cartilage degeneration, joint pain, 
synovitis, and osteophyte formation. It currently affects over 250 million people worldwide, and with population ageing 
and the increase in life span, OA is now becoming a major challenge to public health and the social economy. Pain is 
the main cause in patients with OA who are seeking a clinical diagnosis. However, the mechanism for joint pain of OA 
is still not clear. The nerve fibre distribution in various parts of the joint is the basis to sense the pain. Previous studies 
have disclosed the nerve fibre distribution in the synovium, subchondral bone, and osteophytes. In the current study, we 
aimed to explore the mechanism of never invasion in osteophytes and its role during osteophyte formation. We found 
that the nerve axon was induced by Ihh and IL-1β treated chondrocytes. NGF is specifically secreted by hypertrophic 
chondrocytes after IL-1β treatment. HIF-1α, instead of HIF-1β, is crucial for Ihh and IL-1β induced NGF expression. The 
nerve fibre was distributed in the subchondral bone and osteophyte zone but not in the intact cartilage. RAMP1 was not 
expressed in the chondrocytes but expressed in hypertrophic chondrocytes, and abundantly expressed in the hypertrophic 
chondrocytes by the treatment of IL-1β. These results indicate the crosstalk between the never system and hypertrophic 
chondrocytes. The hypertrophic chondrocytes in osteophytes induce nerve invasion by secreting NGF, and nerve fibre 
promotes osteophyte ossification via CGRP.
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Single cell analysis of chondrosarcoma cells reveals early markers for benign to malignant 
transformation
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Cranial bone transport promotes angiogenesis, neurogenesis and modulates meningeal lymphatic 
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LBX1 modulates skeletal muscle regeneration upon chemical-induced injury through polyamine 
pathway
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Sirt3, a longevity gene, regulates osteocyte function and the response of bone to exercise in mice
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Introduction: Osteocytes are active bone cells playing crucial role in bone remodelling and mineral homeostasis in 
response to mechanical stimulation. Sirt3 is mitochondrial deacetylase which mediates cellular adaptation to increased 
energy demand. How does Sirt3 regulate osteocyte function and its clinical implication has not been investigated.

Methods: The association between Sirt3 expression and osteocyte function was studied in a natural ageing mouse model. 
Murine osteocyte cell line (MLO-Y4) with Sirt3 knockdown and mice with conditional deletion of Sirt3 in osteocyte 
(cKO) were used to verify the role of Sirt3 in osteocyte. Finally, Sirt3 activator honokiol was administrated to aged mice 
(20-month-old) to confirm if ageing-related bone loss could be reduced. Appropriate parametric and non-parametric tests 
were used for statistical analysis.

Results: Concomitant degenerative change of Sirt3 expression in osteocyte and bone mass/strength were observed in 
ageing mice. Sirt3 knockdown in MLO-Y4 cells downregulated osteocyte genes expression, inhibited formation of 
dendritic processes, and diminished mechanotransduction in vitro. Transgenic mice with Sirt3 deficiency led to lower 
bone mass, abnormal lacunocanalicular network, and blunted bone remodelling activity upon exercise stimulation in vivo. 
Mechanistic study confirmed that Sirt3 regulated E11/gp38 expression through protein kinase A (PKA)-cAMP response 
element-binding protein (CREB) signalling pathway. Last, Sirt3 activator honokiol prevented ageing-related bone loss.

Discussion and Conclusion: Ageing osteocytes could be the cause of diminished benefits of exercise to aged population. 
Activating Sirt3 expression and thus osteocyte sensitivity to mechanical stimulation represents a novel approach to reduce 
bone loss with ageing.
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Deciphering bisphosphonates-induced delayed fracture healing and the mechanisms underlying 
the efficacy of magnesium at single cell resolution
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Using prediction equation on muscle mass evaluation to improve the accuracy of sarcopenia 
diagnosis with bioimpedance analysis validated with dual-energy X-ray absorptiometry

Keith Yu Kin Cheng, Simon Kwoon Ho Chow, Wing Hoi Cheung, Ronald Man Yeung Wong
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong

Introduction: To cross-validate skeletal muscle mass measurements between bioimpedance analysis (BIA) and dual-
energy X-ray absorptiometry (DXA) for the screening of sarcopenia in the community and to estimate the prevalence of 
sarcopenia in Hong Kong.

Methods: Screening of sarcopenia was provided to community dwelling older adults. Appendicular skeletal muscle mass 
(ASM) was evaluated by BIA (InBody 120 or 720) and DXA. Handgrip strength and/or gait speed were assessed. The 
Asian Working Group for Sarcopenia 2019 criteria was used for diagnosis and prevalence was estimated. Agreement 
analysis was performed to cross-validate ASM by BIA and DXA. Multiple regression was used to explore contribution of 
measured parameters in predicting DXA ASM from BIA.

Results: A total of 1587 participants (age 72 ± 12 years) were recruited. 1065 participants were screened by BIA (InBody 
120) with 18 followed up by DXA, while the remaining 522 participants were assessed by the BIA (InBody 720) and DXA. 
The ASMI evaluated by BIA showed a mean difference of 2.89 ± 0.38 kg/m2 (InBody 120) and 2.97 ± 0.45 kg/m2 (InBody 
720) against DXA. A significant overestimation of muscle mass was measured by BIA compared to DXA (p<0.005). BIA 
data were adjusted using prediction equation and mean difference reduced to -0.02 ± 0.31 kg/m2. Prevalence of sarcopenia 
in Hong Kong in older adults ≥65 years was 39.4% by DXA.

Discussion and Conclusion: BIA was found to overestimate skeletal muscle mass compared to DXA. With adjustments, 
BIA can be used as a quick and reliable tool for screening sarcopenia in community and clinical settings.
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Preventing muscle denervation in SAMP8 sarcopenic animal model, effectiveness of mechanical 
stimulation in neuromuscular junction degeneration

Zheng Yuan Bao, Can Cui, Ling Qin, Simon Kwoon Ho Chow, Wing Hoi Cheung
Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong

Introduction: Neuromuscular junction (NMJ) degeneration is one of the critical pathophysiology of sarcopenia. During 
NMJ degeneration, docking-protein-7(Dok7) plays an important role to maintain the endplate morphology. Low-
magnitude high-frequency vibration (LMHFV) could enhance muscle performance in the elderly group and improve 
skeletal muscle function in sarcopenic SAMP8 mice. This study investigates the effects of LMHFV on NMJ degeneration 
and the Agrin-Lrp4-MuSK-Dok7-Rapsyn pathway.

Methods: SAMP8 mice at month 6 randomised into either control (CTL) or vibration (VIB) group. VIB group was given 
LMHFV. Functional and morphological assessments evaluated at month 0, 2, 4, 6 post-treatment (n=5/group/time-
point). Electrophysiological evaluated separately by stimulating the muscle or nerve; endplates morphology, along with 
mRNA/protein expressions were evaluated. One-way ANOVA and student’s t test were used for analysis with p<0.05 as 
significant difference.

Results: Tetanic force triggered by either muscle or nerve stimulation started to decrease significantly from 8 months 
(p<0.05), while NMJ function started to reduce early from 6 months (p<0.05). Endplate AchRs showed significant discrete 
and fragmented onset from 6 to 8 months (p<0.05). Tetanic and specific tetanic force triggered by both muscle and nerve 
stimulus were significantly increased in VIB group compared with CTL group at 4 months after treatment (p<0.05). NMJ 
function was only improved at 6 months after treatment (p<0.05). Morphologically, VIB treatment could significantly 
alleviate AchRs discrete and fragmented onset at 4 months after treatment (p<0.05).

Discussion: SAMP 8 mice demonstrated NMJ degeneration. NMJ deterioration precedes the onset of sarcopenia in SAMP8 
mice. LMHFV could achieve the muscle enhancement through alleviating NMJ degeneration in sarcopenic mice during 
ageing.


