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Mechanism and research progress of mesenchymal stem cells
modified with targeted peptides for the treatment of knee
osteoarthritis*

Yang Zhi-chao, Zuo Li-xin
(Department of Orthopedics, Henan Province Anyang People's Hospital, Anyang, Henan 455000, China)

Abstract: Knee osteoarthritis (KOA), a highly disabling degenerative joint disease, cannot have its cartilage
damage reversed by traditional treatments. Although mesenchymal stem cells (MSCs) possess the potential for
chondrogenic differentiation and immunomodulation, native MSCs are plagued by several bottlenecks, including low
homing efficiency (with less than 5% reaching the injured area), short retention time in the joint cavity (less than 24
hours), and abnormal hypertrophic differentiation (with high expression of Coll0al/Runx2) in the inflammatory
microenvironment. This review proposed a core strategy of engineering MSCs with targeting peptides: Targeted
modification: Through bionic design, the surface of MSCs was modified using click chemistry or membrane
hydrophobic insertion methods, which significantly improved the homing efficiency (with the local concentration
increased by 3-fold) and retention time (=7 days). Synergistic delivery system: MSCs were integrated with

nanocarriers to form "dual-engineered MSCs", which simultaneously and precisely regulated chondrogenic
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differentiation and remodeled the immune microenvironment. Preclinical studies (on osteoarthritis mice/human

cartilage explants) showed that engineered MSCs promoted the regeneration of cartilage matrix and improved

pathological scores. Clinical trials confirmed that allogeneic MSCs and combined therapy could relieve pain ,

improve function, and delay disease progression. This therapy was recommended in China's Clinical Practice

Guidelines for Osteoarthritis (2024 Edition) for the stepped treatment of early-stage KOA. For clinical translation,

issues such as the stability of targeting peptides, the long-term safety of nanocarriers, and standardization need to be

addressed. Future directions include the development of enzyme-resistant peptides (via D-amino acid substitution),

cell-free therapy based on targeting peptides and exosomes, artificial intelligence-assisted peptide design, as well as

the establishment of automated production processes and multi-dimensional efficacy standards. These efforts aim to

promote engineered MSCs to become a disease-modifying osteoarthritis drug for moderate-to-early-stage KOA.

Keywords: knee osteoarthritis; mesenchymal stem cells; targeting peptide; homing; cartilage regeneration;

immunomodulation; engineering; disease-modifying therapy
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U R R S A IR

f£ M/ 5N, T W o T4
(mesenchymal stem cells, MSCs) [ -4 = 2497 4 0
KOA BG TR T B P v B o MSCs PR HC 38 K Y
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RGBT B R 7 vE . AR, K AR MSCs 7E I
IREFEAL TR O, RSO TS, <5%
(1) MSCs RE E 7] 1T % 22 B0 40000 X4k, 22 %504l i
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A5 5 R AR ™ AR S T 5T, MSCs df i
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HMYT R S BOA B S ELA (I C-X-C H 7 a1k A
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( Osteoarthritis Research Society International, OARSI )
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AT, BRGNP MSCs 7 KOA IR Y7 iy I
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AL vt 240 e T S5 AL A 52 3 A BURR S K (A
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A ) JEK B MSCs 119 T2 14 5 s =5 224058 4
AR Sd MR S HK A

S T 2 B 1 SR FH 50 — T A T I e 11 16K i
NRZR, BRETARY 2 A s 0R . Homad ik
B 0.5 mmol AY Traut's i F] (2- W & F& 6% ¢ ) 1
25 CHAAF T kb #E MSCs B8 11 30 min DL 5] AJFES
BiFE, BG5BT Ak B T K (A ik W)
fE4 CHEAMTTPBSZ bk (pH=7.4) hILFEF 2 h
(BRYR 50 pmol) o % 7 VAR SIS F 1 21 e iR
(Cysteine, Cys) 5% 2P ik (LY ¥ %1 10 Cys—
WYRGRL), 3# 4 % 3 55 T o [k 0 e 5k AT 1) ) 247
SEA MR E B . HB MRS RN RSN
%M 72 b Ji5 A5 10 KO BA ST 4 90%, 7R ¢
W ES R EWIE K E>7 d CREBMidNii<24 h),
T3 X 20 M B RCRARTE 348 R TIAR%) ™,

MHZ T, K A S R F 3R A0 o o
W SRR B AT K (b e e Ak A8 1 K pPB . A5 A
Pt —GNNKQHI) £ 52 F b Al Pk s s 1 L Bl g okt
AT, HLL100 we/mL B9 5 A5 Y Hk E 5 MSCs 18
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0 LIS PEAR B R (595%) , (H AR 45 505 =
AR Bl 40 A 43 24 a8 i AR e S, 1E O F
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ShFaE R 22 5 (AN DGy B 11 Il 2 358 % U0 3 K 1)
B ) $2m AR T AL PR i et (i D-2 iR
Beie) DIRFHREAME
2.3 hELEEREHICIHF
SIS e D RE R PR RIS Rk, RO AR
b 3R W A T ) IR 2 1B U 5 4 OK A 1k R
4t Lh CuO°MSN 4 K R 171 480G 5 43 Ak 8 42 1A+
Sox9 Tk S HEESEEEHT (bone morphogenetic
protein 7, Bmp7) CRifi itk 1 1), @ik
JE 10 we/mL 19 25 4R 75 W5 MSCs 76 37 C F LR E
6 h, ZWNHF/EHEAGELE MM A FFES
WEmmikw (JLEER TS R : WYRGRL) Xt
MSCs 18 #E17 TR &, #4 8 & 2 T Re 48 L i
W-CSB-MSCs & AR TR R o 1% F il i 25 [a] i f
(43 TAHLH ——RE W £S5 H S0 (T
A S WAL ), AR AR AT Al e R —
TG AR O 5 R T Sox9, 1 Col2al 5 R 4
EH BB (Aggrecan, Acan) FEPRFEIA, ML 4K
IR A K, U E Bmp7 8 0 IR KA A AT
Y Col10al } Runx2 Kik (FEAL60%) , M\ IE 6 XL 1A
R VR A A s ™ 76 OA /NRRUBE R L % bl W]
FEWE T I W R B B ROR . BCR TR B RN 50%
OARSIJRBEPE/3 k35 80% , ESE Hum i IS4l -
N8 B - GRRHE” =A5r — R A 2 B — 151
(AR R BRI, B2, 0 i R s MSCs (145 A 3R
W38 2ok 5 AE T T AR SL B i Je 2 T e A
W, ST CUH B S AR R B - O R
MO = AE AL, SR AL B8 MSCs YA T I 2 4 1t
TAIHERE

3 $B[EAK-MSCs HI1E LI

A ) K 0 1) MSCs 38 2o 2 4 Ji2 P[] AL o) 8 3
FETHKOA MHCEIE G . A /5 sty
SHIFARISLAE R, R E A AR 4 (an
Wnt/B—catenin, TGF-B/BMP) SZFLsh AR, T
“HE )R E - A R AR - AR A WY IE R A
31 HESHBENIREE

T S ACR T 5 R R R R . R
mKAEME (AnRK W) i R A E oSB1 56
XAMIA R (5 & Col2al BR ) BIAHEAEH, A~
{LHETE MSCs Jay il & FE W B (Fh i 34%) , SR
G F FUFFAK/Sre i, SFMBRR IR & BEG-3 8
(glycogen synthase kinase—3 beta, GSK-3B) , fi# Br
XF B —catenin [ ] , J3 3 Wnt il B (Wingless/
Integrated ) {2 7L 2T o N RR B, HEER
B 11403 XY MSCs 1 2R 1A 16 16 1 B —catenin (A% 2
A1), 1T A U S5 40 A D) G ot R 4212
3.2 HMEBHUHEERE

HEE G, #5005 R 58 ) Wnt3a 2 1A 55 MSCs
F M Frizzled Z K25 4G, 0 GSK-3B 36 M, FH 1k
B —catenin Mt . %N B —catenin Y5 TCF/LEF %% 5%
T4h54A, HA% L Sox9 F£ik, R3f Col2al \ Acan &5
BOH LB A P, B —catenin 5 Sox9 B[R] 410 1 B A
SR Runx2 (19 5% s, 6 v, [6] i T2 4k MSCs B
JHY Bmp7, 845 Smad1/5 i #3855 Sox9-Runx2 #1 i
YEH, BHWT Col10al il Mmp13 k™, HIAEI -1
AT SR PO WntSa (B2 88 Wnt il ) , 5% MSCs
HE KAk o T TR Ak MSCs 3 3 43 3 TL-10 1 461 11—
18 BE7i, PHWT WntSa/Ror2 il , 4k 4% B —catenin/Sox9
F2 T R T P
3.3 HRHMIMNENER

¥ M B —catenin EL 2 {2 #F MSCs 43 b TGF-B F1
1L-10, 55 B WEA0 A m M2 B AL (5 2835 H 284
ZRCH 1, KRR -1), IH TNF-, 1L-6 B
. T R4k MSCs 38 it Wnt/ —catenin i s AR
PEFETBCAR 1 3R 3K, 4 3¢ 15 I Th1/Th17 40 g 3%
B, W/ IFN—vy. IL-17 22 4 45127, M2 B W
0 M 4> W IGF-1 F TGF- B, ik — 4 3 7% MSCs 1)
Sox9 1 B—catenin f5 %5, &M “Hyge I8 1 -4 71k
IE . AP IESE , i S Y MSCs RE S 5%
LI B S I Marco® R AN AR, 33X 2 5 W5 200 A i 1k
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Sy BEERER AL, AR SER T MSCs 1 R 41k
T PER
3.4 EHUIIRHIY 1

5 55 MSCs £ B—catenin 3R 8)) &, FCim 43 Wb A ilh
& (& & miR-140-5p. miR-92a) . miR-140-5p F
FE M0 0] Adamts5 00 40 B A, ) SR R0NE 32 1K 41 i
1Y) Wnt/B —catenin i #% , & #F P I M 5 48 Jl 1
B, TR Ak MSCs B i SOD2 ¥ B ¢ 4y s 1
S, BEWTTE PR 6 Wne 38 A F A0, 4ERE
B—catenin {5 TR e PEPY, #L ) K-MSCs il 2 “IH
B — o AR - S E RS - 55 S I RS 1 DU R AL
il . ZEME T KER MSCs {67 W R FR ., S KOA 11y
DMOADs #2473 = .

Il PR B 55 I PR A 5 i3 P

A ) JOK 2 3 MSCs 19 1 PR 117 F 5% € 38 3 3 iy
AR S5 56 55 4IE T HYAYE KOA 1 B 359730,
28 501 B8 1) R WO 4 K 2K CuO@MSN/Sox9/Bmp7
WG M () T 72 4k MSCs  (W-CSB-MSCs) i i 3¢ 17
i R SIS, AR PSSR s T ) R R X
BEROCRETE 345 DL b, 56T B R I R AE R 22> d
(KB MSCs<24 h), If 5 A S 4CH L& a5
PRI Kok . BARZEI A . 1677 4 OARSI K BT
Iy 80% , R R ENG N 50%, HE KAREY)
Col10al 1 Runx2 & ik FEAIE 60% LA I . AU OA 55
AME ARSI E— B UE S, W—-CSB-MSCs A il 8 5 it
A, DR (Col2al) FEHF BT 2.1 45,
Acan & RN, [A A 4 0E K F IL-18 Fl TNF-a 7K
TR 40%, WESEHAERE R ARBAE D EBRE
A

I RBFFEFE M, T FEAL MSCs 7EI7 5L A ME S5
B ) P T S AR T R B MSCs o[RS A TR
fEMSCs (41 MAG200 7 5 ) I 3056 45 2 s
AR EST 75 x 10044 e J , B KOA & 124
J1 B G 22 R W 7 o T T R R 2 B G T R AE B
(Western Ontario and McMaster Universities osteoarthritis
index, WOMAC) &I P73 2035 283K 75% ,  RCH it
B (MRIVEAY ) BIELR T 40%, J7aidises
12> A B0 % o Y Y MSCs BRYR RS, SR 1 ) 45
A, 61 HBf WOMAC M35 %4 45%, 124~ H it
MV 28 30% , FE MBS REETA R 20% . TR 14k

4

MSCs 38 33 8 1] I3 5 U SR8 7 (4 403 DX s 4 i
MR PE ST 345%) , IEAE B Sox9/Bmp7 B3 [ 14 4 101 )
HE R 484k (Coll0al ik FEAK 60%) , i K 48 MSCs
RH SN R R, B R AR W 2R Y,

FE T M IETT 1 Al o, TR L MSCs
2 5 R MSCs 41 B 22 S AR AR B HRAIE
TR Ak MSCs 1Y 201 50 9% HE s & 2B R 1.8% (6/
3295), FERINEEELT MK (48hNAK
THIR), JCF A e R T 105 1 AR 2l MSCs
H S HER R 0.9% (3/323 %), itk RIBR T 42
JEE N M S RN, 3 B TR ke s o S
o R KU . SR, T RRAL2H 75 56 vE HAR M ¢
FEPE, 99 K 4K CuO@MSN I, 3.2% (5/156
i) AR R R (G R IL-6 B T )
R TE K 5 e s U O e o o AR A
PRAE S8 Al b TR AR MSCs K A K Bk 45 1k
e R R 5%, I TR B AL 22% (717
3230, T RFARFH) , HAR AU 3 B AL
EA M, T REAL MSCs 3l i34 v 231k 18 5 A A
WA KA A, AR A A A 25 M 5 2 — 25 AR 4R
S A T IR A% 5 VAR SR S

955 DX 355 ek DR B 9% B0 408 a0F — 25 S 5 TRk MSCs
W E . (PESRYTREITIREE (2024
i) ) VOISR T 875 B W 16 WA ST, BRI
FET AT 2 TR KOA B #6367, o iy
MSCs Rl e e BRI . 55 40 WA TR P58, FE 2528 20 Hr
FREER RCR (IR DD A3k P40 P i 48% ) 51
REMK A (WOMAC P43 203 52% ) ¥ 1M i ol B
BEAR VR MSCs o BEAL, TG EL 2 A 9 0% S5 441 1D MSCs
TSR AlloJoin® B 52 A 1T 1356, 96 JE bt 1 /s I
i 1 A4 IL-10/TGF— B 38 3 30 il ¥ B 5, JR ey
Ti] B 2 2 R A 70% , ERTHEA MG PR, A2
R Y SR KOA T 40 25 491523 Kok T
i oL B 7 TR S R B R AR S PR A T RG]
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