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1 (5 %[ [ inducible nitric oxide synthase (enzyme) , iNOS] I
—SFALA (Nitric Oxide, NO) 315, T T2 OA AN 111
P RS M AYFETS . TkBa( IkappaB-alpha ) FRAERR £k FI R i
S NF-KB 3420 1Y S 5 A 3R MSCs Al A ] 1 4 17 2 1k 1Y
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PR I BERREN Janus SRk 5 LABUATE CHE SR MSCs X 3CE 19 HHE
AE Ty, ) 3 R AR TR S B i R
7 (low intensity pulsed ultrasound, LIPUS) | % DL & ik
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R AN TH iR N e a8 5 - R

INGE

25 LR, MSCs A6 4 X - 5B 400 g 46 S 2 g, 348 7 1A
TSN FIAEAE £ 508 4, HAE OA Shi Bzl vh BLA {2 k5 15
B ESRARE IR FIFESE OA #ERIOME, it iR Shse 5

HEATIIPLHIAISE , AF 5% 3 13k R A 2 AR 22 B R (L 412
i 2% XM A T MSCs SN 1B 4N AR A MSCs B9 FH 3 4
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BT MR 00 1 A RE R T A5 T AR, B AT TR SR
)38 BT, UERR TR 0 MR AT (5 BE . T, MSCs Sh ik
IRTT OA BIBFFEAT AL VR 2 B, AN . MSCs &1 M4 A A 771 o
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P = A1 S A IFT 2% ) IR FNAIE ST 5 WX MSCs AN AE
B RIS J 10T, B (9 TE 4 58 22 HL B v AE MSCs SNl AR i ik
BCF BB AN 9 E AR AL -, % MSCs S A0 il
O AU TR S S SR T R ML A T AR X g A ¥ B
T PR A B — R 1) T MSCs AN AR Z2 M OA PRI Y 1
FHPLH, 2 WA GIRA MBI, XEEREA E MR FTEEN
Ml

[10]

[11]

[12]

[13]

[14]

[15]

£ % X W

Vina ER, Kwoh CK. Epidemiology of osteoarthritis; literature update
[J]. Curr Opin Rheumatol,2018,30(2) :160-167. DOI: 10.1097/
BOR.0000000000000479.

Martel-Pelletier J, Barr AJ, Cicuttini FM, et al. Osteoarthritis[ J ].Nat
Rev Dis Primers,2016,2:16072.DOI;10.1038/nrdp.2016.72.

O'Neill TW, McCabe PS, McBeth J. Update on the epidemiology,
risk factors and disease outcomes of osteoarthritis[ J ]. Best Pract Res
Clin Rheumatol,2018,32(2) :312-326. DOI: 10.1016/]. berh.2018.
10.007.

Kolasinski SL, Neogi T, Hochberg MC, et al. 2019 American College
of Rheumatology/ Arthritis Foundation guideline for the management of
osteoarthritis of the hand, hip, and knee[ J]. Arthritis Care Res,
2020,72(2) :149-162. DOI.10.1002/acr.24131.

Bortoluzzi A, Furini F, Scire CA. Osteoarthritis and its management-
Epidemiology, nutritional aspects and environmental factors[ ] ]. Auto-
immun Rev,2018,17(11):1097-1104. DOI: 10.1016/]. autrev.2018.
06.002.

Zhang S, Teo KYW, Chuah SJ, et al. MSC exosomes alleviate tem-
poromandibular joint osteoarthritis by attenuating inflammation and re-
storing matrix homeostasis [ J | . Biomaterials, 2019, 200 35-47. DOI;
10.1016/j.biomaterials.2019.02.006.

Toh WS, Lai RC, Hui JHP,
therapy for cartilage regeneration; Implications for osteoarthritis treat-
ment[ J]. Semin Cell Dev Biol,2017,67;56-64. DOI;10.1016/j.sem-
¢db.2016.11.008.

Zhu Z, Zhang Y, Wu L, et al. Regeneration-related functional cargoes

et al. MSC exosome as a cell-free MSC

in mesenchymal stem cell-derived small extracellular vesicles[ J].Stem
Cells Dev,2020,29(1) :15-24. DOI.:10.1089/scd.2019.0131.
Phinney DG, Pittenger MF. Concise Review; MSC-derived exosomes
for cell-free therapy[ J].Stem Cells,2017,35(4) :851-858. DOI; 10.
1002/ stem.2575.

Liu H, Li R, Liu T, et al. Immunomodulatory effects of mesenchymal
stem cells and mesenchymal stem cell-derived extracellular vesicles in
rheumatoid arthritis [ J]. Front Immunol, 2020, 11; 1912. DOI: 10.
3389/fimmu.2020.01912.

Fu X, Liu G, Halim A, et al. Mesenchymal stem cell migration and
tissue repair [ J ]. Cells, 2019, 8 ( 8): 784. DOI. 10. 3390/
cells8080784.

Keshtkar S, Azarpira N, Ghahremani MH. Mesenchymal stem cell-de-
novel frontiers in regenerative medicine
[J]. Stem Cell Res Ther,2018,9(1) :63. DOI.10.1186/s13287-018-
0791-7.

LiZ, LiM, Xu P, et al. Compositional variation and functional mech-

rived extracellular vesicles:

anism of exosomes in the articular microenvironment in knee osteoar-
thritis[ J ]. Cell Transplant, 2020, 29 963689720968495. DOI. 10.
1177/0963689720968495.

Guilak F, Nims RJ, Dicks A, et al. Osteoarthritis as a disease of the
cartilage pericellular matrix [ J ]. Matrix Biol, 2018, 71-72 . 40-50.
DOI: 10.1016/].matbio.2018.05.008.

Liu Y, Lin L, Zou R, et al. MSC-derived exosomes promote prolifera-
tion and inhibit apoptosis of chondrocytes via IncRNA-KLF3-AS1/
miR-206/GIT1 axis in osteoarthritis [ J]. Cell Cycle, 2018, 17 ( 21-
22).2411-2422. DOI; 10.1080/15384101.2018.1526603.



rp A S 2 5 A Ak 2024 4F 9 55 46 555 9 1

Chin J Phys Med Rehabil, September 2024, Vol. 46, No.9

- 863 -

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

Wu J, Kuang L, Chen C, et al. miR-100-5p-abundant exosomes de-
rived from infrapatellar fat pad MSCs protect articular cartilage and a-
meliorate gait abnormalities via inhibition of mTOR in osteoarthritis
[J]. Biomaterials, 2019, 206 87-100. DOI. 10.1016/]. biomaterials.
2019.03.022.

Liu Y, Zou R, Wang Z, et al. Exosomal KLF3-AS1 from hMSCs pro-
moted cartilage repair and chondrocyte proliferation in osteoarthritis
[J]. Biochem J, 2018, 475 (22): 3629-3638. DOI. 10. 1042/
BCJ20180675.

Wang R, Xu B, Xu H. TGF-B1 promoted chondrocyte proliferation by
regulating Sp1 through MSC-exosomes derived miR-135b[ J].Cell Cy-
cle, 2018, 17 (24 ) : 2756-2765. DOI. 10. 1080/15384101. 2018.
1556063.

Mao G, Zhang Z, Hu S, et al. Exosomes derived from miR-92a-3p-
overexpressing human mesenchymal stem cells enhance chondrogenesis
and suppress cartilage degradation via targeting WNTSA[ J]. Stem Cell
Res Ther,2018,9(1) :247. DOI. 10.1186/s13287-018-1004-0.

Liu Y, Lin L, Zou R, et al. MSC-derived exosomes promote prolifera-
tion and inhibit apoptosis of chondrocytes via IncRNA-KLF3-AS1/
miR-206/GIT1 axis in osteoarthritis[ J].Cell Cycle,2018,17(21-22) .
2411-2422. DOI:; 10.1080/15384101.2018.1526603.

Qi H, Liu DP, Xiao DW, et al. Exosomes derived from mesenchymal
stem cells inhibit mitochondrial dysfunction-induced apoptosis of chon-
drocytes via p38, ERK, and Akt pathways[ J]. In Vitro Cell Dev Biol
Anim. 2019;55(3) :203-210. DOI; 10.1007/s11626-019-00330-x.
JinZ, Ren J, Qi S. Human bone mesenchymal stem cells-derived exo-
somes overexpressing microRNA-26a-5p alleviate osteoarthritis via
down-regulation of PTGS2 [ J ]. Int Immunopharmacol, 2020, 78
105946.DOI; 10.1016/j.intimp.2019.105946.

Fathollahi A, Aslani S, Jamshidi A, et al. Epigenetics in osteoarthri-
tis: Novel spotlight. J Cell Physiol,2019,234(8) :12309-12324.DOI
10.1002/jcp.28020.

Rasheed Z, Al-Shobaili HA, Rasheed N, et al. MicroRNA-26a-5p
regulates the expression of inducible nitric oxide synthase via activation
of NF-kB pathway in human osteoarthritis chondrocytes[ J]. Arch Bio-
chem Biophys,2016,594:61-67. DOI; 10.1016/j.abb.2016.02.003.
Karaliotas GI, Mavridis K, Scorilas AB, et al. Quantitative analysis of
the mRNA expression levels of BCL2 and BAX genes in human osteo-
arthritis and normal articular cartilage: An investigation into their dif-
ferential expression[ J]. Mol Med Rep,2015,12(3) :4514-4521.DOI;
10.3892/mmr.2015.3939.

Meng F, Li Z, Zhang Z, et al. MicroRNA-193b-3p regulates chondro-
genesis and chondrocyte metabolism by targeting HDAC3 [ ] ]. Ther-
anostics,2018,8(10) :2862-2883. DOI;10.7150/thno.23547

Wu MH, Tsai CH, Huang YL, et al. Visfatin promotes IL-6 and TNF-
a production in human synovial fibroblasts by repressing miR-199a-5p
through ERK, p38 and JNK signaling pathways[ J]. Int J Mol Sci,
2018,19(1) :190. DOI; 10.3390/ijms19010190.

Li H, Guan SB, Lu Y, et al. MiR-140-5p inhibits synovial fibroblasts
proliferation and inflammatory cytokines secretion through targeting
TLR4[ J].Biomed Pharmacother,2017,96.:208-214. DOI; 10.1016/].
biopha.2017.09.079.

Tao SC, Yuan T, Zhang YL, et al. Exosomes derived from miR-140-
Sp-overexpressing human synovial mesenchymal stem cells enhance

cartilage tissue regeneration and prevent osteoarthritis of the knee in a

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

rat model[ J ]. Theranostics,2017,7(1) :180-195. DOI; 10.7150/th-
no.17133.

Jin Z, Ren J, Qi S. Exosomal miR-9-5p secreted by bone marrow-de-
rived mesenchymal stem cells alleviates osteoarthritis by inhibiting syn-
decan-1[ J]. Cell Tissue Res,2020,381(1) :99-114. DOI; 10.1007/
s00441-020-03193-x.

Kim M, Shin DI, Choi BH, et al. Exosomes from IL-1B-primed mes-
enchymal stem cells inhibited IL-1B- and TNF-a-mediated inflamma-
tory responses in osteoarthritic SW982 cells[ J ]. Tissue Eng Regen
Med. 2021;18(4) :525-536. DOI; 10.1007/s13770-020-00324-x.
Luz-Crawford P, Djouad F, Toupet K, et al. Mesenchymal stem cell-
derived interleukin 1 receptor antagonist promotes macrophage polari-
zation and inhibits B cell differentiation[ J].Stem Cells,2016,34(2) .
483-492. DOI; 10.1002/stem.2254.

Che Y, Shi X, Shi Y, et al. Exosomes derived from miR-143-overex-
pressing MSCs inhibit cell migration and invasion in human prostate
cancer by downregulating TFF3[ J]. Mol Ther Nucleic Acids, 2019,
18.232-244. DOI: 10.1016/j.0mtn.2019.08.010.

Fazaeli H, Kalhor N, Naserpour L, et al. A comparative study on the
effect of exosomes secreted by mesenchymal stem cells derived from
adipose and bone marrow tissues in the treatment of osteoarthritis-in-
duced mouse model[ J]. Biomed Res Int,2021,2021.:9688138. DOI;
10.1155/2021/9688138

Tan SSH, Tjio CKE, Wong JRY, et al. Mesenchymal stem cell exo-
somes for cartilage regeneration: A systematic review of preclinical in
vivo studies[ J]. Tissue Eng Part B Rev,2021,27(1) :1-13. DOI 10.
1089/ten.TEB.2019.0326

He L, He T, Xing J, et al. Bone marrow mesenchymal stem cell-de-
rived exosomes protect cartilage damage and relieve knee osteoarthritis
pain in a rat model of osteoarthritis[ J]. Stem Cell Res Ther,2020,11
(1):276.DOI:10.1186/513287-020-01781-w

Chen P, Zheng L., Wang Y, et al. Desktop-stereolithography 3D print-
ing of a radially oriented extracellular matrix/mesenchymal stem cell
exosome bioink for osteochondral defect regeneration. Theranostics,
2019,9(9) :2439-2459. DOI; 10.7150/thno.31017.

Chen P, Tao J, Zhu S, et al. Radially oriented collagen scaffold with
SDF-1 promotes osteochondral repair by facilitating cell homing[ J].
Biomaterials,2015,39.:114-23. DOI; 10.1016/j.biomaterials.2014.10.
049.

Wang Z, Yan K, Ge G, et al. Exosomes derived from miR-155-5p-
overexpressing synovial mesenchymal stem cells prevent osteoarthritis
via enhancing proliferation and migration, attenuating apoptosis, and
modulating extracellular matrix secretion in chondrocytes[ J ].Cell Biol
Toxicol ,2021,37( 1) :85-96. DOI:10.1007/s10565-020-09559-9
Zhang W, Chen J, Tao J, et al. The use of type 1 collagen scaffold
containing stromal cell-derived factor-1 to create a matrix environment
conducive to partial-thickness cartilage defects repair[ J]. Biomateri-
als,2013,34(3) ;713-23. DOI: 10.1016/j.biomaterials.2012.10.027.
Hu X, Wang Y, Tan Y, et al. A difunctional regeneration scaffold for
knee repair based on aptamer-directed cell recruitment[ J |.Adv Mater,
2017,29(15).DOI; 10.1002/adma.201605235.

Shi W, Sun M, Hu X, et al. Structurally and functionally optimized
silk-fibroin-gelatin scaffold using 3D printing to repair cartilage injury
in vitro and in civo[ J]. Adv Mater,2017,29(29). DOI. 10.1002/ad-
ma.201701089.



- 864 -

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

A S A 5 AR 2k 2024 4F 9 45 46 %5 9 Chin J Phys Med Rehabil, September 2024, Vol. 46, No.9

Wang Y, Hu X, Dai J, et al. A 3D graphene coated bioglass scaffold
for bone defect therapy based on the molecular targeting approach|[ J].
J Mater Chem B, 2017, 5 ( 33 ): 6794-6800. DOI. 10. 1039/
¢7th01515a.

Bai J, Zhang Y, Zheng X, et al. LncRNA MM2P-induced, exosome-
mediated transfer of Sox9 from monocyte-derived cells modulates pri-
mary chondrocytes[ J]. Cell Death Dis,2020,11(9) :763. DOI: 10.
1038/541419-020-02945-5

Chen L, Yang W, Guo Y, et al. Exosomal IncRNA GASS regulates
the apoptosis of macrophages and vascular endothelial cells in athero-
sclerosis[ J]. PLoS One, 2017, 12(9) : e0185406. DOI. 10.1371/
journal.pone.0185406.

Liu C, Li Y, Yang Z, et al. Kartogenin enhances the therapeutic
effect of bone marrow mesenchymal stem cells derived exosomes in car-
tilage repair[ J]. Nanomedicine, 2020, 15 (3) ;273-288. DOI. 10.
2217/nnm-2019-0208.

Taghiyar L, Jahangir S, Khozaei Ravari M, et al. Cartilage repair by
mesenchymal stem cell-derived exosomes: preclinical and clinical trial
update and perspectives[ J]. Adv Exp Med Biol, 2021, 1326 73-93.
DOI. 10.1007/5584_2021_625.

Wang J, Guo X, Kang Z, et al. Roles of exosomes from mesenchymal
stem cells in treating osteoarthritis[ J ]. Cell Reprogram,2020,22(3) .
107-117. DOI; 10.1089/cell.2019.0098.

Wang Y, Shen S, Li Z, et al. MIR-140-5p affects chondrocyte prolif-
eration, apoptosis, and inflammation by targeting HMGBI in osteoar-
thritis[ J]. Inflamm Res,2020,69(1) :63-73. DOI.10.1007/500011-
019-01294-0

Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis of
osteoarthritis[ J]. Nat Rev Rheumatol ,2016,12(7) :412-420. DOI.
10.1038/nrrheum.2016.65.

Wang R, Xu B. TGF-B1-modified MSC-derived exosomal miR-135b
altenuates cartilage injury via promoting M2 synovial macrophage po-
larization by targeting MAPK6 [ J]. Cell Tissue Res,2021,384(1):
113-127. DOI: 10.1007/s00441-020-03319-1.

Ma PF, Gao CC, Yi J, et al. Cytotherapy with M1-polarized macro-
phages ameliorates liver fibrosis by modulating immune microenviron-
ment in mice[ J].J Hepatol,2017,67(4) :770-779. DOI. 10.1016/j.
jhep.2017.05.022.

Oishi Y, Manabe I. Macrophages in inflammation, repair and regener-
ation[ J ]. Int Immunol, 2018,30 (11) : 511-528. DOI: 10. 1093/in-
timm/ dxy054

Xie J, Huang Z, Yu X, et al. Clinical implications of macrophage dys-
function in the development of osteoarthritis of the knee[ J]. Cytokine
Growth Factor Rev,2019,46.:36-44. DOI; 10.1016/]j.cytogfr.2019.03.
004.

Qiu B, Xu X, Yi P, et al. Curcumin reinforces MSC-derived exosomes
in attenuating osteoarthritis via modulating the miR-124/NF-kB and
miR-143/ROCK1/TLRY signalling pathways [ J]. J Cell Mol Med,
2020,24(18) :10855-10865. DOI. 10.1111/jemm.15714.

Ti D, Hao H, Fu X, et al. Mesenchymal stem cells-derived exosomal
microRNAs contribute to wound inflammation[ J ].Sci China Life Sci,
2016,59(12) :1305-1312. DOI: 10.1007/s11427-016-0240-4.

Wang Y, Yu D, Liu Z, et al. Exosomes from embryonic mesenchymal

stem cells alleviate osteoarthritis through balancing synthesis and deg-

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

radation of cartilage extracellular matrix [ J]. Stem Cell Res Ther,
2017,8(1) :189. DOI. 10.1186/513287-017-0632-0.
K Asghar S, Litherland GJ, Lockhart JC, et al. Exosomes in intercel-
lular communication and implications for osteoarthritis[ J ].Rheumatol-
0gy,2020,59( 1) :57-68. DOI;10.1093/rheumatology/kez462
Zheng L, Wang Y, Qiu P, et al. Primary chondrocyte exosomes medi-
ate osteoarthritis progression by regulating mitochondrion and immune
reactivity [ J ]. Nanomedicine, 2019, 14 (24) . 3193-3212. DOI. 10.
2217/nnm-2018-0498
Thomas RG, Unnithan AR, Moon MJ, et al. Electromagnetic manipu-
lation enabled calcium alginate Janus microsphere for targeted delivery
of mesenchymal stem cells[ J].Int J Biol Macromol, 2018, 110 465-
471. DOI: 10.1016/].1jbiomac.2018.01.003.
Succar P, Medynskyj M, Breen EJ, et al. Priming adipose-derived
mesenchymal stem cells with hyaluronan alters growth kinetics and in-
creases attachment to articular cartilage [ J ]. Stem Cells Int, 2016,
2016:9364213. DOIL: 10.1155/2016/9364213.
Lin S, Lee WYW, Feng Q, et al. Synergistic effects on mesenchymal
stem cell-based cartilage regeneration by chondrogenic preconditioning
and mechanical stimulation[ J].Stem Cell Res Ther,2017,8(1) :221.
DOI. 10.1186/s13287-017-0672-5.
Huang J, Liang Y, Huang Z, et al. Magnetic enhancement of chondro-
genic differentiation of mesenchymal stem cells[ J].ACS Biomater Sci
Eng, 2019, 5 ( 5): 2200-2207. DOI. 10. 1021/acsbiomaterials.
9b00025.
Parate D, Franco-Obregon A, Frohlich J, et al. Enhancement of mes-
enchymal stem cell chondrogenesis with short-term low intensity pulsed
electromagnetic fields[ J].Sci Rep,2017,7(1) :9421. DOI. 10.1038/
541598-017-09892-w.
Parate D, Kadir ND, Celik C, et al. Pulsed electromagnetic fields po-
tentiate the paracrine function of mesenchymal stem cells for cartilage
regeneration| J ]. Stem Cell Res Ther, 2020, 11 (1) :46. DOI. 10.
1186/513287-020-1566-5.
Zhang H, Li ZL, Yang F, et al. Radial shockwave treatment promotes
human mesenchymal stem cell self-renewal and enhances cartilage
healing[ J]. Stem Cell Res Ther,2018,9 (1) :54. DOI. 10.1186/
$13287-018-0805-5.
Xia P, Wang X, Wang Q, et al. Low-intensity pulsed ultrasound pro-
motes autophagy-mediated migration of mesenchymal stem cells and
cartilage repair [ J ]. Cell Transplant, 2021, 30 963689720986142.
DOI: 10.1177/0963689720986142.
Liao Q, Li BJ, Li Y, et al. Low-intensity pulsed ultrasound promotes
osteoarthritic cartilage regeneration by BMSC-derived exosomes via
modulating the NF-kB signaling pathway[ J]. Int Immunopharmacol ,
2021,97:107824. DOI: 10.1016/].intimp.2021.107824.
ARG, B A A T SR T M U S M AT i 2 R R
TR e[ ) ] A2 5 DI RE T, 2022, 17(10) :593-594
+601.DOI; 10.16780/].cnki.sjssgncj.20200414.
Yamaguchi S, Aoyama T, Ito A, et al. Effect of low-intensity pulsed
ultrasound after mesenchymal stromal cell injection to treat osteochon-
dral defects; an in vivo study [ J]. Ultrasound Med Biol, 2016, 42
(12):2903-2913. DOI: 10.1016/j.ultrasmedbio.2016.07.021.

(&1 B 1 :2024-08-20)

(AR S - Bl )



