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Enhanced Repair of Meniscal Hoop Structure Injuries Using An Aligned Electrospun
Nanofibrous Scaffold Combined with a Mesenchymal Stem Cell-derived Tissue
Engineered Construct
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Damage to the meniscal hoop structure results in loss of biomechanical function, potentially due to the extrusion of
the meniscus from the weight bearing area. However, there have been no established, effective treatments for such
injuries. The purpose of this study was to investigate the applicability of mesenchymal stem cells (MSC)-seeded
nanofibrous scaffolds to repair the damaged meniscal hoop structure along with the prevention of subsequent cartilage
degeneration using a rabbit model. Meniscal radial defects (5 mm width) in the medial meniscus were treated by
wrapping and suturing with either an aligned electrospun nanofibrous scaffold alone or a scaffold combined with a
tissue engineered construct (TEC) derived from synovial MSCs, with the scaffold fiber direction matching that of the
meniscal circumferential fibers. In the control group, no treatment was applied to the meniscal defect. The MSC-based
TEC-combined nanofibrous scaffolds contributed significantly to the prevention of meniscal extrusion and exhibited a
chondroprotective effect, compared with either scaffold alone or the untreated control groups. Also, meniscal defects
treated with such TEC-combined nanofibrous scaffolds were consistently repaired with a fibrocartilaginous tissue. In
this study, we have demonstrated the feasibility of a combined TEC-nanofibrous scaffold to repair the meniscal hoop
structure, and prevent the progression to cartilage degeneration, as a potential tissue engineering method.
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[T 5] W4, EEARIEFEMEHBLLT IL-6 7o 7 WMERSNTWA. ZHITIEREMIAICIEEL, NF-«B &
STATS D [RIFFEMALIC KO RIEME Y A M AV E a2 Rt I PEA T2 T 5. — HBEEIV Y~ (RA) IZEAL T
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72 IL-6 72 ZOIMENTET L~ 20 B 2 kL7~
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[#555] RA OFRREICHREHIRA ST IL-6 707 59528, TMEM147 78 IL-6 7> 7 Z1EIZHI L C
WAZEDURENTZ. BRI 5 TMEM147 241 L7z NF- « BRI OIEMEIIL, HR RAJRIFER L2 DA HE
PERHD.

Role of Chondrocytes in the Development of Rheumatoid Arthritis Via Transmembrane
Protein 147-Mediated NF-kB Activation
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Rheumatoid arthritis (RA) is a highly prevalent disorder, but its pathogenesis remains unclear. We have reported that
hyper-NF-kB activation system, named the IL-6 amplifier (IL-6 Amp), which is activated by co-activation of NF-xB and
STAT3 in non-immune cells, plays a role in the development of chronic inflammatory diseases. We have identified over
1,000 genes required for its activation. Here, we focused on transmembrane protein 147 (TMEM147) from these genes
and investigated its role in chondrocyte-mediated RA development, because the roles of chondrocytes in RA remain
controversial. We found high expression of TMEM147 as well as NF-kB and STAT3 activations in chondrocytes
isolated from RA patients. NF-kB activation was significantly suppressed by silencing of TMEM147 in vitro. TMEM147
deficiency suppressed NF-kB-target gene expressions including IL-6 and chemokines, whereas it did not affect
expressions of STAT3 targets, suggesting a role of TMEM147 in NF-kB pathway. Importantly, chondrocyte-specific
ablation of the IL-6 Amp significantly suppressed the development of a RA model. Mechanistically, TMEM147 acts as a
scaffold protein for binding p65 with breakpoint cluster region (BCR) to induce phosphorylation of p65 at S529. Finally,
administration of anti-TMEM147 antibody significantly improves a RA model development. Thus, TMEM147 is a
positive regulator of NF-«kB activation in the joint particularly in chondrocytes, representing a new therapeutic target for
RA.
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Physiological role of urothelial cancer-associated 1 (UCA1) long noncoding RNA in human
skeletogenic cell differentiation
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[Objective] A number of long-noncoding RNAs (IncRNA) are transcribed from human genome, however, the
physiological functions remain mostly unknown. In this study, we specified a IncRNA involved in cartilage metabolism,
and aimed to elucidate its role in skeletogenic cells.

[Methods] Based on transcriptomic data, we suspected that UCA1 was associated with chondrocytic phenotype. We
comparatively analyzed the expression of UCA1 among various cell lines and human normal articular chondrocytes.
Next, we analyzed the expression of UCA1 in human bone marrow stromal cells (hBMSC) along the course of
differentiation into chondrocytes. The effect of UCA1 gene silencing on cartilaginous gene expression was evaluated in
human chondrocytic HCS-2/8 cells. Also, we performed UCA1 gene silencing and hyper-expression in human
osteoblastic SaOS-2 cells, and osteoblastic gene expression was monitored. Finally, we evaluated the effect of the forced
expression of UCA1 in murine chondrocyte precursor ATDCS5 cells.

[Results] Comparative analysis among a variety of human cells revealed strong expression of UCA1 in HCS-2/8 cells
and human normal chondrocytes. We found UCA1 was almost absent in hBMSC, but it was induced during the course
of differentiation into chondrocytes, which was followed by the expression of chondrocytic markers. As a result of the
UCAL1 gene silencing in HCS-2/8, chondrocytic marker expression was reduced. UCAIl gene silencing and
hyper-expression also had a significant impact on the osteoblastic phenotype in SaOS-2. Forced expression of UCALI in
ATDCS overdrove its differentiation into chondrocytes.

[Conclusion] These results collectively indicate a physiological and important role of this hominoid specific IncRNA
in the skeletal development of humans, who require more sustained endochondral ossification than do smaller
vertebrates.
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Bone marrow mesenchymal stem cells combined with ultra-purified alginate gel as a
regenerative therapeutic strategy after discectomy for degenerated intervertebral discs

Department of Orthopaedic Surgery, Faculty of Medicine and Graduate School of Medicine, Hokkaido University

(ODaisuke Ukeba, Hideki Sudo, Takeru Tsujimoto, Katsuro Ura, Katsuhisa Yamada, Norimasa Iwasaki

Background: Because the regenerative ability of intervertebral discs (IVDs) is restricted, defects caused by discectomy
may induce insufficient tissue repair leading to further IVD degeneration. An acellular bioresorbable biomaterial based
on ultra-purified alginate (UPAL) gel was developed to fill the IVD cavity and prevent IVD degeneration. However, an
acellular matrix-based strategy may have limitations, particularly in the elderly population, who exhibit low self-repair
capability. Therefore, further translational studies involving product combinations, such as UPAL gel plus bone
marrow-derived mesenchymal stem cells (BMSCs), are required to evaluate the regenerative effects of BMSCs
embedded in UPAL gel on degenerated IVDs.

Methods: Rabbit BMSCs and nucleus pulposus cells (NPCs) were co-cultured in a three-dimensional (3D) system in
UPAL gel. In addition, rabbit or human BMSCs combined with UPAL gel were implanted into IVDs following partial
discectomy in rabbits with degenerated IVDs.

Results: Gene expression of NPC markers, growth factors, and extra cellular matrix was significantly increased in the
NPCs and BMSCs 3D co-culture compared to that in each 3D mono-culture. In vivo, whereas UPAL gel alone
suppressed IVD degeneration as compared to discectomy, the combination of BMSCs and UPAL gel exerted a more
potent effect to induce IVD regeneration. In addition, similar IVD regeneration was observed between human and rabbit
BMSCs.

Discussions: The findings reveal that implantation of BMSCs and UPAL gel is effective in preventing IVD
degeneration. In addition, our results highlight the interplay between BMSCs and existing nucleus pulposus cells in
achieving IVD regeneration. This study thus demonstrates the therapeutic potential of BMSCs combined with UPAL gel
as a regenerative strategy following discectomy for degenerated IVDs.
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TodE FICFERR ORI Z 7 HEEI T 7 7= O et & e L7z,
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Chondroprotective effects of 4-methylumbelliferone and hyaluronan synthase-2
overexpression involve changes in chondrocyte energy metabolism
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[Purpose] We reported that the inhibitor of hyaluronan (HA) biosynthesis, 4-methylumbelliferone (4-MU) inhibited
cartilage degradation. This was a somewhat counterintuitive observation because the overexpression of HAS2
(HAS2-OE) exerted the same chondroprotective effects. Both 4-MU and HAS2-OE generates a flux in intracellular
UDP-sugar pools that resulted in changes in cell metabolism; switching from a dependence on glycolysis to aerobic
respiration. We hypothesized the effects of HAS2-OE and 4-MU were related to changing metabolism and the inhibition
of glycolysis induce chondroprotective effect. To determine that, we used the glycolysis inhibitor, 2-Deoxyglucose
(2DQ@) as an agent to change metabolism.

[Methods] Chondrocytes were stimulated with IL-1p with 4MU, HAS2-OE and 2DG. Chondrocytes were tested
using Seahorse Flux Analyzer to determine the contributions of glycolysis and mitochondrial respiration. Accumulation
of MMP13 and phospho-AMPK (pAMPK) protein was quantified with Western blotting. Cartilage explants were
cultured with IL-1PB and 2DG and stained with Safranin O.

[Result] In control chondrocytes, the use of glycolysis contributes to the majority of ATP produced approximately
20% from the TCA cycle. IL-1B-activated chondrocytes display increase in glycolysis and decrease in mitochondrial
contributions. These changes are reversed by co-treatment with 4MU and HAS2-OE. 2DG reversed the IL-1p-induced
increases accumulation of MMP13 protein. Although IL-1p lost safranin O staining, co-incubation with 2DG blocked in
the loss of proteoglycan. IL-1B treatment decreased accumulation of pAMPK. Co-treatment with 2DG resulted in a
rescue of the pAMPK status.

[Conclusion] Metabolic shift plays an essential role in chondrocytes under inflammatory conditions. 2DG has
chondroprotective effect by changing metabolism.



