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Abstract: Objective To investigate the therapeutic effect of mesenchymal stem cell (MSCs) on surgically induced knee osteoarthritis
in rats, as well as the tissue distribution and engraftment differentiation of stem cells in nude rats and cynomolgus macaques. Methods
(1) Lewis rats were randomly divided into sham-operated group, model group, sodium hyaluronate group (0.5 mg per joint cavity), and
low-, medium-, and high-dose MSCs groups (3.0x10°, 1.0x10¢, and 3.0x10¢ cells per joint cavity, respectively, with the high dose being
an equivalent clinical dosage). Except for the sham group, all other groups underwent unilateral surgical induction of knee osteoarthritis
in the right knee. Radiographic evaluation was performed to assess knee joint lesions; pain thresholds were recorded after treatment;

gross scoring of articular cartilage was conducted at necropsy; serum levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-
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a), type II collagen (Col II), and type II procollagen carboxy-terminal peptide (PIICP) were measured using enzyme-linked
immunosorbent assay (ELISA); knee joint tissues were subjected to histopathological examination via hematoxylin-eosin (HE) staining
to evaluate tissue damage. (2) Tissue distribution and engraftment differentiation of MSCs in vivo were studied in nude rats and
cynomolgus monkeys. Real-time quantitative PCR (QRT-PCR) was used to detect the distribution of test cells in various tissues of nude
rats and cynomolgus monkeys; immunohistochemistry was employed to identify positive organ tissues with MSCs in nude rats.
Results: (1) Compared with the sham group, the model group showed significantly higher X-ray scores, gross cartilage scores,
histopathological scores, and pain thresholds, along with markedly elevated serum IL-6 and TNF-a levels and significantly reduced
Col II and PIICP levels (P < 0.01). Compared with the model group, MSCs improved these parameters to varying degrees, with
significant differences observed in the high-dose group (P < 0.05, 0.01). (2) No quantifiable test cells were detected in whole blood or
tissues of solvent control groups in either nude rats or cynomolgus monkeys. In nude rats, quantifiable test cells were detected only in
the right knee joint tissue 24 h, 60 d, and 150 d after the final administration, but no MSC engraftment occurred. In cynomolgus
monkeys, quantifiable test cells were detected in the meniscus 24 h after the final dose, and only in the synovial lavage fluid 24 h and
3 d post-administration, showing a decreasing trend over time. Conclusion Intrajoint injections of MSCs every two weeks
significantly ameliorate surgically induced knee osteoarthritis in rats, primarily through local anti-inflammatory effects and cartilage

protection. The stem cells remain largely confined to the injected joint tissue without spreading to other systemic organs or forming

ectopic engraftments.
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A2 100 ng-pL™t, MK HE BARE DU S b 22—
SEWRFE SR, BEANFE SR FLA I .

B AT b 14 28 25 2 TE AR A 1 [ BRI B RV i A
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Table 3 Effect of MSCs on X-ray score of knee joint in rats (X X5, n=8)
) I — XD

EeEaill 452 A ¢4 476 )i

(EERZN — 0.0£0.0 0.0£0.0 0.0£0.0 0.1+0.1
it — 3.0£0.0% 2.940.1% 3.0£0.0% 3.0+0.0%

MSCs 3.0X1054 3.0£0.0 24403 26+04 2.84+0.3
1.0X 1064 3.0£0.0 2.6+0.4 21+04 2.0+0.3"
3.0X 1064 3.0£0.0 1.940.5 1.5+0.5" 1.6+0.4"

PEIATR N 0.5 mg 3.0£0.0 20404 2.0+0.5 23403

H5H\FEARALE: #P<0.01; SEMALE: "P<0.05 “P<0.0l.

#P <0.01 vs sham-operated group; “P<0.05 **P<0.01 vs model group.

245 4 Ji el W2 K BB RME (P<<0.05. 0.01),
FERZIHS Y 6 Ffa T BEA EKRREE (P<
0.05. 0.01), EWUEEIRIBURIEH . 48R W& 4.
3.1.3 MSCs XJ K BRI HE KA MELVE- 43 152 1]
KA BN, BFARARTTRE ST, R
I LTI . AL B PSR AT IS, BRI

KBRS 5 HER AR S 58 s AR A5 B Y P A
fIE. #R4E Pelletier PEorbrifE, JKATHCE KAAVEH &
ZIm (P<0.0D). SHEAIHAMEL, MSCs @&ifl&E .
P IR 03 G O TDOGERE . RIHRE . 4L
EEOL, BRARK B R O KIS (P<
0.05). ZiRWE 1. &5,

R4 MSCs WARBHEHFN (X £s, n=8)
Table 4 Effect of stem cells on pain threshold in rats ( X =5, n=3)

15 i LI

Y752 JH %754 H Y575 6 JH

BFER — 59.8+4.1 57.9+3.4 58.7+1.7
tit) - 73.4+3.9* 74243 4% 73.8+2.7*
MSCs 3.0X1054 78.0+4.3 80.1£6.6 87.2+43"
1.0X 1064 81.9+3.1 91.6+6.0° 92.74+4.0"
3.0X 1064 82.6+32 101.3£3.9" 96.94+5.2"
P IETR AN 0.5 mg 86.7+6.1" 942+3.3" 98.8 4.7

H5REPARUALLLE: "P<0.05; SHEMAKE: "P<0.05 "P<0.01.
#P <0.05 vs sham-operated group; “P <0.05 P <0.01 vs model group.

icm 2

BFAR

1X108 3X108

MSCs/
El1 MSCs ¥ KRB KAV E I
Fig.1 Effect of MSCs on gross observation of rat cartilage
3.1.4 MSCs XJ KB 98 50E K5 SR B AR &
vifgemn  S5IRFAREAL, AL M IL-6.
TNF-o & & Z T+, Colll. PICP & & W & F#K
(P<0.01); SHEAIHALL, MSCs KHFH5E T
IfiEH Col I, PICP & (P<<0.05); MSCs 7

o) 3X10° PR

BAR M5 H TNF-o 7 &, J+& Colll. PIICP
& (P<0.05. 0.01); MSCs 7. BEEmRNGE
FEAC MLY% TL-6 TNF-0 & &, Ft & Col I1. PIICP
' (P<0.0D). R W%E6.
3.1.5 MSCs WK BRI 2H 23995 B 2 (1) 52

(1) HE 4th: BFARAMEBEHL SR IET
T, RTREREIE PR, B 2R
M. E TR BANRRADN HAER, KRR
JRELUR . ST AR, BRI K RIE ST
JEAA LA . NI R ELF4ess Sl g 2 . RAEYN
M BAMAEIGE 2 . F G I Ve 5 T
KERI . HZWIR, a4 AT,
A AN, OB T E RN . SEAEAMLL,

Em
i
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%= 5 MSCs SRR BFXIEFSHIEN (X X5, n=8)

Table S Effect of MSCs on gross score of cartilage in rats

(X £s, n=8)
151 JIEsS PNy

BFER — 0.0+0.0
e — 2.8+0.2%
MSCs 3.0X 1054 2.1£03

1.0X 1064 1.940.4

3.0X 1054 1.8+0.2"
IR 0.5 mg 1.6+0.2"

HEBEFARAWLE: #P<0.01; SHRAALE: "P<0.05.
#P <0.01 vs sham-operated group; “P < 0.05 vs model group.

MSCs #7845 B TSR N 2 R Rk 4 405 B
OO, W B R T ERERR. SR
K 2.

(2) HLVURPEEVESy: SARBED WE 7.
ERFARAME, BERHMEBE. 5. E N Em
GH AR B BT (P<<0.01); SEIRIAIAALL,
MSCs fIGHI S BEES RN & 35 PR HCHE T i B2
P4 (P<<0.05); MSCs 71 E & FEARECE . s
THEHRBLEAES (P<<0.05. 0.01), MSCs &7 & i
FHRRACIEE., Bl OB N EIRELEIE S (P<<0.05.
0.01).

R 6 MSCs S ARMBERERFRRERGEITSME (X s, n=8)

Table 6 Effects of MSCs on serum inflammatory factors and metabolic markers of cartilage in rats ( X +s, n=38)

2H 5 FIE/A IL-6/(pg-mL™") TNF-a/(pg-mL™") Col 1I/(ng'-mL1) PIICP/(ng:mL™")
TR — 353+2.0 37.6+0.9 19.6+0.2 312.1%6.5
ei) — 48.9+3.0% 49.9+1.0% 1224+1.0% 236.6+14.7%
MSCs 3.0X 105 463423 495+12 17.7+0.3* 268.6+3.9*
1.0X 106 448+13 46.9+1.6* 17.4+0.5* 286.249.0"
3.0X10° 38.9+1.7" 4224+12" 19.240.4* 300.3+7.9"
PEETR 0.5 mg 40.1+2.6" 449+1.1" 18.1+0.2" 292.0+11.4*

HHEFEARALE: #P<0.01; SHEMALE: "P<0.05 “P<0.0l1.

#P <0.01 vs sham-operated group; “P<0.05 **P<0.01 vs model group.

[EERZN R 3X10°

1X10° 3X10° EHERR A
MSCs/A
SOF-REAE ORI E .
Green arrow-cartilage; Blue arrow-synovial membrane.
2 MSCs JRRATHLABEFTURIFM HE RE, X20)
Fig. 2 Effect of stem cells on joint histopathological changes in rats (HE staining, x20)
B R TR G 0, AFATE (—): MRABHL A

3.2 MSCs FRARAANALS S EEI
3.2.1 MSCs TEMABRAANKIHL A MSCs A
KIREEP)E 240, 60d. 150 d WAL BT 4 L rh
I 0 AT B A A, HBEA S A K 2
R, A A ZH SR S R AR A R v] e &
MRS . W& 8.

3.2.2 MSCs fEMAKRAAN P EES L Bl Anti-
Mitochondrial ¥ 5 FEHUAR A — B Fa ) A0 Ge
BRZ P 5 N RSTAS S KN RS, #0n] A BH
TR (B HeLa 4 R Ak i 28 BH 14 20
i, FHMEAE=50% (AL 3 43), ZHffogetn 2L
e (By 340), AXB=9 NomfAtE (+4++); %

g5, MSCs UAERIREG 25 24 h BIBOCHT FRAS I
BIRHME, FARFE SRR o BRI RO 34T
EM AT . MSCs-24 h 4L 6/6 %1 m] WLFH
PEGet, FHMEANEE=50% (A 3 43), Zffyetn
BiEw i e (By 283 4)), AXB=6H,9
HNEAYE (++4), MSCs-60 d ZHIE%T 6/6 A4 W,
FE A ey, ARSI 2 BH 40 A, A (—); MSCs-
150 d ZHIR 51T 6/6 9 A WL BH P et ARAG I 21 B &
g, NBIPE (—), R ILE 3. NAESZ)E 240
RO P L RH I G, HE DT I T B8 30 2 S i G
BT RER S B AR e A B, A7) R - R AE R
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®7 MSCs FARBALRBFIFHIEN (X =5, n=8)
Table 7 Effects of stem cells on histopathological scores of rat tissues ( X *s, n=8)
A5 IR — i Y
IR W BHE T

(EEN — 0.040.0 0.040.0 0.040.0

k! — 2.5+0.4% 2.6+0.2% 2.3+0.3%

MSCs 3.0X10° 2.1+0.3 2.1+0.3 2.01+0.3"

1.0X10° 1.5+0.3 1.44+0.3 0.9+0.1"
3.0X10° 1.0+0.3 1.0+0.3" 0.8+0.2"

IR 0.5 mg 14+0.3 1.6£0.4 1.3+0.4

HRFARALLE: #P<0.01; SHRAMHLLE: "P<0.05 "P<0.0l,

#P <0.01 vs sham-operated group; "P<0.05 **P<0.01 vs model group.

®8 BARBXTAT MSCs ERAESAREDNA S8 (X s, n=6)
Table 8 Human DNA content at various time points after MSCs in nude rat knee joints ( X *s, n=6)
. NJE DNA/%
il OE S HE O ME S MIE B JivG HEE SR/TE ME/OE BT
TR HE 0.0+0.0 0.0+0.0 0.040.0 0.04-0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.04+0.0
MSCs-24h  0.04-0.0 0.04+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.04+0.0 0.04+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.285+0.113
MSCs-60d  0.04-0.0 0.04+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.040.0 0.04+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.007+0.004
MSCs-150d 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.001+0.001
HeLa 4f 2 TR R MSCs-24 h MSCs-60 d MSCs-150 d

3 MSCs ERARMFAEESNL REAURE, X9

Fig. 3 Colonization and differentiation of MSCs in nude rats (immunohistochemistry staining, x4)

s, 45245)5 60 150 d AR VLBHPEYL (S, W REA
MSCs CHHERRIE K. K, 2524)5 24 h R v]
DA BE M Gt , AN A A MSCs 75 215 7R A e A
3.3 MSCs ZRERAAMBL S HHR

MSCs RIRZ 25 24 h. 3 d AR5 s o
VR AR IR AT 5 S AR an e, B S T 4E
K R, MSCs-24 h 417E2F F AR 6 21 m]
ER PRSI, 4 & HAth 4 SO S R A
M2 AT AR A . g5 R ILE 9.
4 e

KOA & —Fh LR T HCE BT VAR | TR A |
WOE B R R BT A 3 B BLRRAE (118 1
HEATHEOCHTEN, GRS (B, 7%
2R ER RS . 2R R TN, B
FENOZRAHEmME, HRREEZE &

P, oh BB AR AR R Ak 2 PR T BRI Y SR DT
He XWHEBRZ M . P2 MRES G, Ha1E
B INCNA R, —BHaa AR, H
HFIRAE L BB . G 1A 20A
I7 TR — B AR ZAUS I T .

AW FIET T AR F A Lewis K KOA #A4Y,
RV T MSCs KT iR S48 25 iR 7 ROk, IF
FI R R R & B R B Ay T MSCs 7EAR N 4
LU RHIE SO A IE DL . IR AR BoR, 5
PERIAAIEL, MSCs 369741 R B X H6iPar. 967
B RARPE 53 B BB 3 3 2, I 2ORE A
T IL-6 Fl TNF-a 7KV B FRAC, 1 8CH A bR &
¥) Col 11, PIICP BT+, X sk IR H] MSCs fE
A RANH] KOA 1) 98RE IR B FFE dE 3B R 5 1 &
WEEE . KRR, SEFRAMEL, OA
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®9 BABREXTAT MSCs FRMEIRAIRDNA S8 (X *s, n=4)
Table 9 Human DNA content at various time points in knee joints of cynomolgus macaque after administration of MSCs

(X *£s, n=4)
13 NJR DNA & &/%
il O JFF 1k Jg A Jiti A B i
RIS 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
MSCs-24 h 0.0+0.0 0.0+0.0 0.0+0.0 0.040.0 0.040.0 0.0+0.0 0.040.0
MSCs-3d 0.0+0.0 0.0+0.0 0.04+0.0 0.040.0 0.040.0 0.040.0 0.040.0
MSCs-7d 0.0+0.0 0.0+0.0 0.0+0.0 0.040.0 0.040.0 0.0+0.0 0.040.0
. A5 DNA 5 E/%
B 2R/ TE B 52/ G 55 2 AR KA MR
TSI 0.04+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
MSCs-24 h 0.0+0.0 0.0+0.0 0.0+0.0 73+1.1 0.0+0.0 0.303+0.018
MSCs-3d 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.04+0.0 0.058+0.010
MSCs-7d 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

TV (1)K BRI A 2 3 T iy o 757 A% A% SR 6 3
J& s WNZILGR S T LS AR 23 B T R AR
W2, WD M BLX IS R R T R0 T
Fo—, FFERM T SOE 1T RE il R RS R S Y
T AT 0 )30 B P 3 B S, 5 R R A
PRS2, AT 0 BE T AR E S S A
e H, KEIANEBAL AT REIRS) T 15 sz
AR, RIUNBIME 24K (TRPVD)
TETE ) Y AR 22 R )RR, (AR N AT 4E TR
SN UK . =, NEREHE SIS AT R
WE T4 B RS OCTT 2R BRI HH B B AR
#, BE T Von Frey W 11H] & Ji AT RIOR 5
. MSCs 1697 5 K EURBE I — 2T &, N
PG FEAARTE I B A (%) 2 B R, T A e B
T R KRR ML . MSCs 4524
J& s IM3E 1L-6 F1 TNF-o IR AT RELR AR T 4 %
fiE, PR T KIORHE B8RS 5 10 L3l R il fe
PRI VR4 I 98 i AR S A I R 20 O35 30 T
X — BRE T 5 R AR A AR G I SR T A
N, T EAERRAE AT A B R . 2 HEIR/R, MSCs I
ey sl “HERE” P, R I T B AORE IR BN A
FOFEE RIS, FIEPARME T T RE
JEHLE . BE—2B5RL T MSCs #E1697 OA A4 K
Dhre ks o A 8.

MSCs 697 KOA IALHI H BN 29 2 2
P 5580 WME ] . MSCs BEMSIE 1T/ Wk 2 4
oL ] - SR 98 ERL 1R = AR, DT 9804 e 98 SR A
B R, MSCs 732 Fp A K K AL

T, B 554 WA AR B A PR B RN I 5 A
TR 4 B 1 B M DA D B R AL
AHE IR E T Lewis KR A2 2822 - A8 51
TE G 2% {4 (AN 16 27 32 4 N TR MISCs AN ] 3
Gl R T SRR RN S . TR BB 1B E K
RIEVF EVLEA R TR T MSCs HIRITHE
P, IR IR AR R, A TOR A T RROR B (R
Z TN FHHF BB (GLaRks
YRR IR 50 AN N CAS 8% . TR,
Lewis K B 45 5 Al % N 1R 22 2 M AT 7
AR TR, AT FE IR MSCs fE1% 5%
Fih RS MR rh B AT 25 R0

ML AEERTI, ST MSCs 3 BH
FATEES RS, FERm A S AT (. .
il B IERBEER. XKL SatusZE BT
F FEAROE = — B, %0 0 R A S R K RS
B, SRS MSCs 32 B9 A 11 IE s Fl
PG ERAL, KIS T A B S 1 AN H, BR L
BIRRAEES S 1 d g Rl &4 sh, Hae
N ) A8 AR E A A 2 B A DU B ARG . IR o A
FEAE M AR MSCs BAE 1R IT 1 FHROMLH :
T MSCs 75557 i P 3 B B () R EL AR AR K
SEAE, FVRYT RN n] BRI I« PRIEAE A AL ST,
R} MSCs 7% %7 33 B H 130 3k 43 oK 2B ity 1 [
TR R e A B IR R B R, TR
o BB AR B AR AR 2,

AHIF 78 SR A A — B T MSCs 7E
PR R AAR P4 2 A BH VAT 28 1R e AR oA o, &5 SR I



F49EFE 108 2026 F 10 B

‘Z;ﬁ'"%f-‘rivﬁ ER Drug Evaluation Research

Vol. 49 No. 10 October 2026 - 3555 -

ANE RN AR DL B 0 A s A e A . X —
RIE— B SCHF T MSCs E 2Ll 55 73 L i
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7% 22 HRF SETT 4R T MSCs SRIR 1 4H /M i (2
FANIBAR) £ KOA 6 7 AIfEH . Huang S50141%3
BAEH, MSCs SKIRAIFMNAAR AT B BEARGH A 1 VF
ZARTTRN, BLAREREE A MG FE A RS L H A
FAMESE S T P A QI 5 . IX SR AT
KT AR TR R, R RE v A Al
H 25 2440 5% B D RUAN G 58 2 P s

5G4 B 45 2RSSR, SR JETE S Y
MSCs KILH LR R AR AR AE: IR 9T RN
EPTRWREE, ArfmbdEER. T,
MSCs JAJ7 KOA e H Il IR 2538 4F AT R 45 (1Y
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