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Research progress on stem cell therapy for osteoarthritis

YANG Wenhua, LI Juanhong *
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Abstract Osteoarthritis (OA), the most common kind of arthritis among adults, is a leading cause of arthral-
gia, body function loss, and disability. At present, there is a lack of effective means to intervene the occurrence
and development of OA. Stem cell therapy is a promising treatment for osteoarthritis. Paracrine function and
cartilage repair are current research highlights for the stem cell therapy mechanism. Stem cell therapy has pro-
gressively advanced from basic research to the clinical application stage. However, few systematic reviews and
studies of the literature on stem cell therapy have been conducted for OA, especially in the term of analgesic
mechanism. To provide reference materials for basic and clinical research on stem cell therapy for OA, this ar-
ticle will focus on the mechanism of stem cell therapy for OA, especially the progress in analgesic mechanism,

and review the latest progress in animal and clinical researches since 2020.
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HAT, Mok=A 2T BORT1 OA AL/ B fH 11
OA I .

T BAUE AR RIMCIEE S, REZME
Ji, fREEECE KR, SRR T AE. 2001 £ 5 2021
FERPEEAZ DU (Web of Science Core Collection) H H
WA R iz T OA BFgE,  Hoh By
1B A5 73k Dy g e H AT 40 ML BRI T # R
i H 46 T7 © 4 M IERIIT 7838 A0 HE 12 21 PR S
FAB B, 5 3 DR B R 75 R T 41 (bone marrow
mesenchymal stem cell, BM-MSCs) #%ilF 52 A4 75 &' &
AL I 22 4 BA sl e T FB P
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EAEE NG, TN BRI BT FOR B> . AL
W R T AR YT OA I, JCH R R AL
R E JE,  [R]INOE 2020 4R DL A 2l 4 52 56 i PR
BT OB 0 e AT PRIR . A9 4036 J7 OA
(EERL 5 I AR WT FUER LS 5 BORL

— T

T B A R T Al AT R G T AR R AR
T2 A AR (0 P AR I PR R A Y, SRR AR T
A B A T B R A A BT TR RS, Il PR 2 P

b o T AR T B 4 A5 FH 0 R R A AR B 5 T £
] R L, H AT AT A AR SRR %, A 7 B T4

fid (mesenchymal stem cells, MSCs) tH 1Y [&] 78 5 5 Ji
a0, f T 1970 4E 4 Friedenstein 28 & 3L A 2%
BHE s R RUE ) 18] 78 5T T-40 i (adipose-derived
mesenchymal stem cells, ADMSCs). & & 41l g
TR 1) 70 J5T - 440 AR N T I R Y ) T e T
41 Jfl/Whatton's Jelly ¥ [7] 78 51 40 g /2 H 7 4 & 4H
Ui 2 AT ) MSCs SRUE, B —M R A H %
H s AR S . EdRHES, Tl
MRS REAEAE B A0 205 EE 14 5 (neuropathic pain, NP)
CREEAPE R4 7 T o B R B, M
AL R HE LB I ) Sl . T A6 9T C N NP
I BARIBIT 7%

1. T4 TT OA HIHLE

(D 6N : MSCs 7T UNECE T HIT#E
B ZAAEAL, I 74 B A R R A R 2
SREMRE FTEHARAT, SHEMpPILEERG,
MSCs i 2 32 5 8B 40 M A5 ic 5 X aggrecan. sox-9
Al col-2 1) mRNA FiE /K, (e #3403 56 A
P CE A T Y B K R F-B (transforming
growth factor beta, TGF-B) i i ERK/INK 15 5 i %
WAT4EAE 2R D I DRE, 4R A2 E MSCs 1 4H i 34 5
AIER, mAKMBEFMRIMEY . ARKET. X
BERN LR FEROR SRR T 2035 MSCs I 40 i 7
i RE. AP PE 7 AT BLR 35 I MSCs BB
SRR IR IR o G KA G Tk BRI S 42 m) DL
5 MSCs 7ML HCH 1 71, RN fR %5 MSCs (158
BN RE F1 U MSCs N ECE AR, Rk
B AWM RNANAAE G (RECE A — R
PRI FEER] T, MfESRSaFahds M, Xk
ZRA R T OA BERENMAS S, R
B 2 S A B U I TR S R R B AR
WAL MSCs FIE R A Re A2 i T I B8y
WA A 414 1Y,

(2) F553u: MSCs 2 5H4UBE I 32072
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S0 h, JBIE A ANIAMA S BRI B B AN A R
(178 7% R TSkl > 25 A EZH B & . Platas
2 PR 38 ADMSCs [ 4 E 5 77 3 A OA -1k
FH, AL AT RE J& ADMSCs 5% 73 WA 1E 6 9% 48 i
N T ) OA e 4l R . TGF-B1 ]
i HE MSCs A s 44 1 miR-135b [ 363k Eif; %4k
AR S K RECE A L RE 97, BCE 4t SP1 (40
HCR I TED RIS T, 4IRS S 5R, W
YT 3G FE 3G . MSCs I8 I BB miR-135b (1) 41k
RN SP1 HIRIA, BEEHCE AR Y. 52
Y5 IR A LG, 3D BR AR 77 7T LS & MSCs 43 b
WA I PR B, I I 5 MSCs 155 20 WA 50 R o 3
YK = ThEE U,

(3) PLRAMGEEW AT BRI PR 7 F0 98 A [
FHOARREE . i (8] 78 5 T4 M0 (umbilical cord mesen-
chymal stem cells, UC-MSCs) ¥A77 J5 HIfiLifF MMP-3
MMP-13. 4% -6 (interleukin, IL-6). IL-8 /K F-#A
JY TR FF%; UC-MSCs X} OA s i ik B A {4
PR, X540 G RE R RN AH G U

(4) “HE” . MSCs e BEAHHN
R R FE AL, TEVRYT OA B, MSCs g #E 7] f£
R SZ B TR, RN R R,
FI IS B AN N TE TR AR 18 1) 55 43 WA U 3
BEBE. 1983 4, Gallation 1 I G Kk
L2 A TR A TR AE AT 1 bk B 4 AT P A6 ) Dy
CMEGIRERHE” , JER Y X — MRS R
S H BT . 2009 4F, Krap 25 "% MSCs (1] “
B 58 LCN: MSCs 15 H An 21 230 ik 2R G5 w4
R, ESERINE A AR R 2 Hir AR R d .
IHEFE R0 N 5 DB QR BEARE) (tethering
and rolling): MSCs Fix CD44, W% 4R IEEE
#, CD44 Hik R4 G, i MSCs I B BER B
@ WU (activation): G R T 24 Y
W 4 SDF-1 &5 & . @&l (arrest): MSCs %
KK VLA-4 5 4 B2 400 1 ) VCAM-1 A EAE .
@i 1 (transmigration or diapedesis): MSCs 7£ % Jii
&8 E Al (MMPs) [F1E T 585 P9 5z 41 i )2 A g
JEfE . ®IiEF (migration): MSCs 7E 45 175 45 o7 B i
B ESHsI ST, B s . @
KA G BL T, B4 #8467 SDF-1 &34 1 i,
5 MSCs FIE 1) CXCR4 454, f#15 MSCs & 11 %
4% 5. TGFB1 1] LLIE 3§ & MSCs K [l CXCR4
) 22 3k A1 MSCs )3 8 5 U7, fk 4k % MSCs it 1T
B AL H AT DL R CXCR4 £k, MM & 35 4
I MSCs [T 56 5 B AR U, LA
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o, NEESGZR al0Bl 1 MSCs 7] G i 50 17 #CE
LR E RS A M, 2 MSC 5 E 41 Sk R
MREF >, OA ME A AN 2, WE N EE
JHEIN . B E A M T 5 S MSC IR A E
A FIF MSCs #E N E15. MSCs il ik 55 51 40 i 432
fily BECR T CIn R4 3D FI4H i 7h #7457 =X
SKEC B Aty B BY OA AT A iE
5 ADMSCs A SR8 ARl B 41 i 4 g g

2. T4t OA B ML

PRI 2 — PP AR, B OA P I H
BEIMILAT N A5 | A0 AH O I I P ARG SRR A,
KB4 OA BRI S B E AR, T4 s
fift OA FEIRIMIW S i, FEREETFPIRIEA

(1) $MHIAORE, TR RS

MSCs A5 45 52 1) 5 2 R 15 4 R 26 T
PEAGE IR AP R, fels N I S SO T
FEHAMEREA A B, SRR RIS R RIE. 7]
BEAT =7 OoRIE B s R 41, (O MSCs J i #f1
JRE ORI K S 30 TL-2 % S NK 415
85 RN AR NK 40 0 40 i 25 14 B2 ok 45 1 5 K e
. (@ MSCs AT LI i 17 1) 40 ff ) T2 FH sk 2% T 40 A
B UK & R IR A P, @) MSCs 1]
DK W 40 B/ /N i R 40 B 0 (M) R AR oy
ik (M2) A B9, M1 RR ] P2 A4 R R SRR T -
(tumour necrosis factor, TNF-a)). IL-B %5 % Fh % iE
T, S HAL RSB ((NOs) _Eif; M2 KRUAT 5
W TGF-B. IL-10 20 2 4R 7 . BM-MSCs #
WVESS, (24 M1 BN 4 i % A48 o M2 A, OF
N TNF-o. TL-1B %5 25E K T IR IE, M4
RREII G AR P HX BB A 2 32 I (i a3k [5G 400 i 3%
K7 (IL-4+ IL-10) IR ™. BM-MSCs #Iil] /N i
JOT 44T PR AR T B IO 4T PR R AL, T T AMPK/NF-kB
W, 0B B B AMPK/NF-kB 4K #i P i 28 %
fiE, AT 2% fif 4% P4 B 48 )% 381 (chronic restraint stress,
CRS) 5| 2 i) Jif B 1k f P. MSCs al 7= 2E it 5t 4
Ji U5 4 #h 25 9% K] T (glial cell line-derived neuro-
trophic factor, GDNF), 1 fil] /]N i Joi 48 ffg M1 £ AL,
ek M2 £/, $0#] NF-«xB, [F 5 # PI3K/AKT
G5 I S, SR JORE, AT R A 2 Aol
298 . BM-MSCs il it 43 9 TSG-6 11 #i] [ {1 4
BE T /b g 92 40 i A ) TLR2/MyDS88/NF-«B i
(R, A A A 4 4 A 18 M TR A R
14 (chronic constriction injury, CCI) 5 %4 i 5 [ ##h &
RAE, B UMM g B S A R g B A
M1 B M2 (145 28 5% e AT B T 0820 5 1% A Bl 28

| T T —6—
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2%k OA. BM-MSCs 1] DASE &S 4 e ThRe W R
TR B B0 M g% N @RS 45 J6: MSCs
A= GDNF, $Mfil#a RIE, i mMaim, F
L RGO R RAERYER © @it ek G 40
M7y W B H B oy W E TR (Ul TGF-B1. I8 4R
KR F RS E RN 745, (R 2415
2, BB RIEMIAET Y. Ichiseki 25 7 il K R
o1V B B 2 2 £ (monoiodoacetate, MIA) F OA
BRI, SCHT ST MSCs R iR BE 1Y A i A4 &=
FER AR IK (anti-calcitonin gene related peptide, CGRP)
[2IA, 0 AL, ST 45 2] MSCs 1]
PLA 06T 5 HH 5T 2 T

(2) MSCs ] “JHE”

MSCs iE# 3145345 3 A7 & # FL % NP [ 89 1B
Mo BHEg 4007 g 13 (C-X-C
motif chemokine ligand 13, CXCL13) #4/iil, CXCL13
T 2R H A AR IE I IL-1B-BM-MSCs JE [A] 1T
7 2[5 I 45 B8, IL-1B-BM-MSCs 1] LL i@ i f& 1% 5
fili a1k K7 C-C 2ol 7 (chemokine C-C motif
ligand 7, CCL7) HJ 7K R4 ] /I8 B2 ot 4 A ) i i
P B TER IR R A S0 NP /NS
BM-MSCs # M n] & [T B 2 FRE 1 /A, Eid i
JIN I TR 4 B AL AT p38 MAPK 38 B R 45 B0 1
FI B MSCs 3E# WL 1R A WF 70 7T RE A2 32 5 OA
BURIT SR BRTHE A

(3) B 285244k

CXCL1-CXCR2 15 5% F A KB H X w B Fr 52
A B BTE 7 BM-MSC 2% fift 95 it ok 88 b b %5 88 24
F B, BM-MSCs £ /S [F] s 8] 45k A 8 oh i A e
WX B 5% 4R 22 fif CCT K L NP P, BM-MSCs (]
YR Tk B JR3 38 45 405 35 67 1 B R AR CC i B i
N, TEHi{E BM-MSCs J5 1~5 i, 40l (fEH
T A1 JE A AR BT (RS2 ARFE U B IS KR
FEBIURN, T 2N IR 42O (o A AR A 2 4
TP ANAE BM-MSCs 1697 AT 3 & B k7% KB
WL, RNA FH T B Fr 524 1) R S T 1
Wi%e 7 BM-MSCs FEAH B 1EH

(4) 43 WA HH A1 FE 0 40 1) P

BM-MSCs 1] [F] 4238 ik B il 38 i R SR E
2 5 B 5 3 1) OA /N RRASEZ oy S P4 7 4 MSCs
1 MSCs 73 #h2H (secretome) F=A4E T ZRMAMISE S, )
AT OA FIR AR Y T B P, 18k an
T HARZE ST (dorsal root ganglion, DRG) K F B 7Y
B N7 45T BM-MSCs 22i#4) 7] B A2 25 8L BM-MSCs
(PR ERAE R, BM-MSCs 38 BB A5 (i
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AR B 5] R Rl /N 5 4 i P2X4R R
KRR

. UMY OA NI FIE R 5T

1. i

ISR, TR T 22 OA &
&5 AT A A AR B ROE B AR R
B 2 R A AN A SORE SO, (MLER 1) o [FFR R
& BM-MSCs JMBHA{EHE MIA 55 OA KB HCE
BRI ETR A K, B AL COL2AL
EH, N MMPI3 EH; BERBECTIRH, )
OA A i DRG 4 41+ CGRP Al iNOS () - 1 B,
MIA 7 FHI KR OA B8, AN L) R
A F £ /K (normal saline, NS) 2H 5¢ %5 #CH #i4i. K
Ry AW HE, FEARIAIMIRIE R Rk
43 (stromal vascular fraction, SVF) F1fig Il T-41 1 (ad-
ipose-derived stem cells, ADSCs) 4113 F 10 76 56
14 FO6H 5. SE R LT 1IEH: SVF Ml ADSC
A a0 TH = T NS 4. SVF Al ADSC 41755

R 1 2020 FLIRTUHLIATT OA St R ING AR AT i I8 o 45
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7 RANE 14 RIGMIK IL-18 /KT FE(K. SVF A1 ADSC
NI R R CER L) EHIE SR/ G i SN K H B Wi
T (umbilical cord mesenchymal stem cells, UC-MSCs)
A 7 L R R SR I 8 R ) R
PR MIA 755 1) OA. UC-MSCs Fifi%E i 4
J& % A B§-13 (matrix metalloproteinase-13, MMP13).
HA MR R 3 5 P I 2 8 5 1 e 8t A
5 (a disintegrin and metalloproteinase with thrombos-
pondin motifs 5, ADAMTS-5) [{3ik, GRS
oI AR R A ki67 IR, R IL-1B A TNF-o (1)
Fik, [FES 3G TNF-o 5 5 8 5 6 F1IL-1 %Z 1k
S

2. I RHIE 7T

i RBE LB, F4fLiEST OA AR T Mk
TN B IR CR R AR s AT
B (K 2) . MSCs HI TIEH 717 R & B
RITZ M FIRAR, AT Eabat 7 B, ARkT
T AR T AR AR 5 .

NHE B OA MR T4y T T it gER SCHR
51k FAR vs. OAvs. BM-MSC #M Ak L ii#cE HE COL2AT A,
2020 Bl MIA BM ;/Is c OA + Hhi ik T MMP13 ;] OA KR IFIR#Z 1 e
) CGRP F1 iNOS I
3 RIES ES-MSCs, {EVRIT Ja B R R 0 H0 A 1F
2021 B ACLT NES-MSCs =R vs. BuiK T EIFHT R (R OA FOIF . RH S S5 M A GE Bl
22 OA #EE)
2022 f. MIA HAREITAZ SVF vs. ADSCs vs. NS SVF Fl ADSC £ B+ 8B 345 J& 1 06 35 i i /A= B4
ACLT vs. CAM vs. CAM i3 UCB-MSCs it BMP6 /1 SEitE A
2020 4 ACLT NG I UCB-MSC vs. UCB- ZPERN 2 BRGS0 P2 A R P e, G5 oG T RITE B
MSC + CAM BT AE
R AD-MSCs i 6T 45 24 5 ST I MMP-3.
2020 A FREAR AD_;/;“SCS WBITTT vs. YRIT G TIMP-1. IL-6 fll TNF-a B3R K T, =35i83h7E B
FEIAE 16T BT ) Son ) B35 22 5
UC-MSCs il MMP13 Fll ADAMTS-5 [{)38i%k, 1
. B3 vs. OAvs. OA+  BRICTTHCE I BUARJSUAN ki67 I3RIE, F#AR IL-1B -
2020 B MIA AUCMSCS 150 \iSCs vs. OA+ HA Al TNF-o (063, AR 541 TNF-a. ¥ S0 £ 6
HIL-1 B2 ARF5 7]
w . PBS vs. BM-MSCs s . ks
2020 ;;; BFAL pymscs KR vs. TGE-B1 + Efﬁgz il\ﬁgg?é?ﬂ?ﬁ j’)\ TGF-P1 AR o
" BM-MSCs Kb : AP
AR EAL PCL/SF/Gel/AA & #ZFFEFI /K ADMSCs ] PCL/SF/Gel/AA 5243 (401
020 B g ADMSCs gy T R R

OA, osteoarthritis & 5<75 %¢; MIA, monosodium iodoacetate #.fill Z.[iR4%; BM-MSC, bone marrow mesenchymal stem cell ‘& i [8] 78 i T4/l Al

ACLT, anterior cruciate ligament transection §I %2 X )77 W7 25; ES-MSCs, embryonic stem cell-derived MSCs JIR i R3I89 18] 78 53 T4l NS,
normal saline AE¥E£57K; SVF, stromal vascular fraction 35 L. 4> s ADSC, adipose-derived stem cell JEi T-4H8; CAM, cartilage acel-
lular matrix #CE B4 FE T ; UCB-MSCs, umbilical cord blood-derived mesenchymal stem cells i 7 i &Y% (1 18] 78 i T 41 fid; BMP, bone
morphogenic protein ‘H 4 K A H H; UC-MSCs, umbilical cord mesenchymal stem cells i 7 [7] 76 Jii 141 )f; ADMSCs, adipose-derived
mesenchymal stem cells JIE 7 5K 5 F 18] 78 i T 40 ifd; UC-MSCs, umbilical cord mesenchymal stem cells i 7 [ 78 i 41 ig; HA, hyaluronic
acid EWIR; PBS, phosphate-buffered saline B R b 2% i #57K; PCL/SF/Gel/AA, polycaprolactone/silk fibroin/gelatin/ascorbic acid % LA

P/ 2235 B /WS AT IR
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T2 2020 FFLLRTAIMIATT OA AR5 825
W BB B %1k N T4l T Fii 7 s Sk
B 1 4FJ5, PRP ZiF1 BM-MSC + PRP 4
U L EPERVAS AN S A SI AN
2020 I RCT K-LI-IV 60 BM-MSCs PRPvs. BM- 1 4E o
(100X 10° MSC + PRP 4.5 fl13.5; WOMAC 114343 M 31.9
3R 33.4 437450 22.3 43 F1 23.0 4
.3 ik KT PG
2020 I RCT LI 2, Dvscs AD-MSCs 481 VAS. SF-36. WOMAC P43kt )
- S (125107
[SRZN B Rt BM-MSCs 15 USRI EEM/EL
2021 111 RCT K-LII-IV 140 VA 15 4 TKA
ZHTE 12 4N B KOOS A3 A I8 Al i
S 1S & s, HE MSCs 4
1k MSCs vs. MSCs + TEIERAUR R B & 2R, 5ER
2020 II RCT  K-LILIV 47 oo prp EZJF'??@ 1 4 K[ EHA L, MSCs 71 MSCs + PRP 1
TSRS @”’ 5 YHLTE K 2% 51 KOOS S AILE (A -4 J7
R s G i ot =418
F N IL-10 34 552 A
KT PG SN
o it H & ZHARJE 90, 180 1 365 K KSS. (451
2020 s LI 89 o AD-MSC. PRP, 365 K IKDC 52 ol 3
BMAC
1k KT Py vy 12 AR HA 4140, BMAC.
2021 — RCT K-LI-III 32 BMAC  BMAC. PRP. 12/MH  PRP 41 KOOS W/ ¥ 43, BMAC ™
HA B HA SRS I
. 936 H ik S , .
[HlEifE  Meta TEgatE . SCEEMIIR ST 0T w
2023 ~ K-LI-IV BM-MSCs. BM-MSCs vs. 124A g 7
W A AD-MSCs  AD-MSCs Ifil, AD-MSCs i+ BM-MSCs
oy FEE oy R NP o 6t st 10 i 2 v EOMATIRY
W5t UCB-MSCs 1 (1~6 %) HHEFBHIESE, %24 ICRS I 4
XN KT PG ) VR,
2021 I/l ' RCT K-LIIII 57 AD-MSCs HA vs. AD-MSCs 96 4 5 HAAiILL, AD-MSCs BCEFL. e

ELIXCYTE" (16/32/64% 10°) IREVI BT KA R
RCT, randomized controlled trial i fflL %} #8 5256; K-L, Kellgren-Lawrence; BM-MSC, bone marrow mesenchymal stem cells ‘& i [7] 78 Jii 411 f:
PRP, platelet rich plasma & ¥ Mfil/MR ¥ 2K ; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index i1t % K K22 FI =
TR R 2 G 4484 VAS, visual analogue scale #LBEHUIT /3% AD-MSCs, adipose-derived mesenchymal stem cells Jfiz i S U5 ]
FORT4IM; TKA, total knee arthroplasty 4 E5< 15 B #t; HA, hyaluronate i&E Wi £h; KOOS, knee Injury and osteoarthritis outcome score
R 4547 S OA Tl J5 174> s BMAC, bone marrow aspirate concentrate ‘i i 4i4; KSS, knee society score JEIH11143; IKDC, interna-
tional knee documentation committee [ 2515 [ fri*F 4> 75 1 273 ICRS, international cartilage repair society [F FréH 15 H 2% 2:; UCB-MSCs,
umbilical cord-blood-derived mesenchymal stem cells i 7 I e (14 [7] 78 53 41 B

=, 4 & £ X B
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