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hUC-MSCs %} K BV B 8K i e 4 ) 12 52 1 H

MK W RN, R, TR

WE BH& DRI S R R VR 8] 78 5 T 40
(hUC-MSCs ) X K B OG5 %R| SR A9 08 52 /R T S 23 L
i, FiE EFE 50 RERR RS , £ K RBCE 18 20 R
BHTE A 2 mm x2 mm BYE PR, ARG — R38R
BEHIZH AN hUC-MSCs BAHAL, 53 IR F AR ME X IR, hUC-
MSCs FE A 2H 2615 2 19 5 hUC-MSCs (2 x 10° 2,50 pl)
BT A ZH RIABE TR 20 OG5 Jls v 5 2 s A B R KA g X FR L, R
RAMMEBAEE S 10 JARRERALSE, 38 3 R0 0 el i | 4 280
PG B2 R0 S8 8 6 A B PR Al hUC-MSCs X 52 6 3B i 1B 52
YER . PROMNEE 37 K BUE AR OB A, Transwell 45 hUC-
MSCs X ECH M58 ST BAE ., &R K kEY
hUC-MSCs AT 425 ICRS 43, G458 5 067 18 52 A X 8 4, A K
BRI, A B B EER . HE Fa@E
25 M Masson 4 (8,25 52 g 7R hUC-MSCs 2H #5475 35503 55 & [ 1F.
WRTHEHAZ R TR FN, SHEAAMLI, hUC-MSCs
H T AR (Col T ) /KR, TR (Col T ) AKF B FF,
RO FE AN B AZ TR (PCNA ) BH 4 40 M 58 1 591 e 2 X3 Y
ARG L AL SR TAEHE 9 (SOX9) R B ARIG N, 441
FLREFRAE L 7R, hUC-MSCs W] {2 3k 5B 40 B 33 7 AT 4%
e TR hUC-MSCs sk 363y 8ol Beiiis &2, 1
B AT B8 5 PR3 B 35k RN 02 4 5B 2 I IS AR B A O
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] 72 5+ 21 9 ( mesenchymal stem cells, MSCs)
I IEAEVF 2RI RIS B Y R HYTR YT ARL
SRE0T ) MSCs PRI 2 3 431 v g R G 932 1417 g
T AR 0B P A B A R R, MSCs mT LA
S AL TP RO RPN i N ]
TR 78 5+ 20 Bfd (human umbilical cord mesenchy-
mal stem cells, hUC-MSCs ) B 40 R4ETCA | fosi
JEPEAR AU 0, SR AL J2 98 10 20 B A S At B 7 1) S
PRSI I8 MSCs e FUAE 56T 20 H 1 74 15
RN A BB B 2 {H MSCs 7R3 BB 4
(P T RIBIL AT A A L 22 9 50 DA B i e
AR BT 3 52, W6 17 E B Al hUC-MSCs X
B2 A, R i PRAIG 7 519 R bl S At 52
KA

1 MRS

1.1 EIEh¥  MerE SPF 2% 10 A SD K&, &
[T 2 280 ~320 g, W A DUAR (AL at) A= R
PR 7] G M IE5 - SCXK (1) 2019-0100, H Tl #
FKATRRCE GRS AY . HEME SPF 2 SD KB, 14 BT i
29120 g, HRCE LK S oo R A, GRS
SCXK ( f£)2017-001 , Tl 2 5 i dn e, ASL
56 L T 3o 2 BB R A PR 24 BRAJE S B Sy S S 4
B A2 D1 2AUHE (45 . PZ-2020-044)

1.2 A5 F  hUC-MSCs(4lt5 . NCM1912P3)
H LR R R A W BB IR Rl R A S G iy
AT R AV E THERNE kA, bt 1 AR
(Collagen I , Col 1)HuiRNE H LR Affinity 23] ;6
i B (Collagen 11, Col II) HifA At i ok
SEDXIR Y MR R 1 A% R AE 9 PR (SRY-box
transcription factor 9, SOX9) 4 H 3 [E Abcam A H], ;
BT 14 BE 40 B AZ BT ( proliferating cell nuclear anti-
gen, PCNA) PUIRIE A SEE CST A H] 5 1 7Y 5 5 il )
H 2 E Sigma A F]
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Leica TCS SPS; {% [& Leica 23] ) ; B¢ A F1 451X (B
5 . Pannoramic MIDI;@%?FIJ 3D /A\ﬁl) ,%W{IX]?H}H@
15 2 55 ( B15 . ImageXpress Micro 4 ; 32 [E Molecular
Devices 2\ H] ) .

1.4 XEFHE

1.4.1 SD KEBFHRFHFBEREZT  FF4(50
mg/ kg ) RIS , K EREBCAM BMYE, DU OG5 0 ol 4%
B KRB R . FARA w5 T AR AL, W Pl
YEGN I 1 it o3 g fe il o] SIS R e B
VB AU AT | 2 OGS T LA e R %
AT E PO T A v s T — A AR 2 mm, TR 2 mm
kAR, AEBRER K VRS, B LS A T
JBE 4G I A LRI Bz ko AT AR 2 R BRAN T ¢
WIERIEE S, RERHERR 20 T RALE B
Y FF2E3 d,

1.4.2 5AR%%  EEE 1 EREEAR R EEHL
Iy AR 20 F hUC-MSCs A 40, A5 41 8 H, hUC-
MSCs BAEZH R B 28 BRI J T2 A OG5 1 1 5 2
10° 4~ hUC-MSCs/50 wl; BF AR 7B 8 KA AT
TR T AL AR AL 5 50wl A= BRER KA
xR R 25 10 JEARSER RN SUE R F L,
1.4.3 HEmBG S BRS BRENFRIT R
R R BRI S 0, 8 G TR HIR AR B O 1 e
BRI 1 mm® AR, A 0.2% Col 1 T 6.5
em’ /NILHY BT 37 CHEFRAA LR, 455
TIAGH fif 5 42 15 32 B2 B TE A IR ER 20,40 pum
TEARIE PR AR AR G B O, A SE & R SR L T A
JE R TR IR 48 h 5 AR, 1 0K
JE HEATAEAR AL B, S50 % FH A5 A iR T fS
1.4.4 #HEmiangig  WIORMEG A Col Il 7
REANLAL 2 e (0 5 7 SR A0, ANBR R T I A,
37 0 R L s I B TR 49 22 56 F RS [ 52 20 miin,
3% AL A E IR T E 10 min, 5% LU= 137 A
10 min, /N Col T —¥L 4 CHHH . H /M
AEYZEFICH PR IR E 30 min, DAB (A, J)
AKEZ G 0 CBELK , PR R 2T F o A 22
BT AR, R A S R R e
5 min, B L EERLUK G R PERTBE £ AL

1.4.5 hUC-MSCs *F X R 4R 20 fe o 3 54 Fe 12 45
YER Transwell /NE LB ARG hUC-MSCs X K&
ARG AT AR T . G5 5250 R T AL S Y R
AL T 24 LA, BAL 5 x 10* 4L, Tran-
swell /N AL, 558 hUC-MSCs £ T/NE

N 3L RS 37 24 48 72 h S U 4% £2 58 T EE I
JE 20 min,47,6- " BRIE-2-ZRFL0G[0E ( DAPL) #ECIFF
5 min J5 , it FH 5 P9 TR A0 R IR R SR T T4, i
FESLH . R4 5 x 10 4> hUC-MSCs, |28 5 fh 4%
R RAPCE M, E =R 10% FBS 58421 57 4
I s e B 5 20 h JF U /NG A 0. 1% 25 5 553
W, U5 15 min, PBS T, WIS T AR,
1.4.6 RAKFTHMAAYESFULE XWEDE
F25% 10 JE 5 BRIEALFE K B, BB 0 1B 4
LR A A, 1T RIRIE A0S, R E B
HF 1B Ph 4 (the International Cartilage Repair So-
ciety, ICRS) B9 K M VAl A o A5 P 431, 4
hUC-MSCs 615 J T 56 XoF J G 5 5w k4 1) 48 22 4L
e
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FEJG S A N YRS 43l T HE Gt
fa, T O-[F 4R YL 4 F1 Masson e, 55 I~ WAL 2H
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PUE PR 3% 3 S Ak 2 P VA BHL T A 5% 1L = 1
WEMAG, —Pi4 CHEFLH, KHEIRE I =
TR 30 min, DAB {2 RN IR AKE & Y J5 46 BE 2 1
WK, AR B Bt R A B A

1.4.9 ZERKETHRFTARF SOX9 ik VI
Fi Bt 7K AL J5 43 51 Triton X-100 3 33 | 1% R v
BPUR 3% i3 F AL S P IE BB 5% L= I i 3
M, —di4 ComWaE ., wHEREHNZ L4
FIREDEIFE 2 h, DAPL I 5F 10 min, PBS 1985 {5
i T ) 17100 ) b DG 3 [ O =435l W = S N DAl
IR A B WA T AR 4 2 SOX9 1y
ik,

1.5 it 4#E {1 GraphPad Prism 8.0 {4
WATGEH 0T R SOR DL x5 2675, P ZH A] HL 4
KB STREAS ¢« K5, Z2 4 A 455 L 3R T ANOV A
PARE T EHT, L P <0.05 HESAGIT¥E
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2 #HR
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o B 55 ] PR E R SR AR, S AR BT B
BEERnEOLHE, 208k EAS A anEE
HAHE (K 1), SHMEE AL T ICRS P45 i
HEAT PE Al A AL 4H B9 ICRS IR TR TR 4
[(6.25 £1.17)vs(12.00 £0.00) ,F =6.05, P <
0.01], hUC-MSCs #5411 ICRS #F43 K (9.75 +
1.59) , fm THEBZHA (6.25 +1.17) (F =52.24, P
<0.01),
2.2 hUC-MSCs # 48 X1 51 & R #5140 2R 7 B2 1Y =2 i
X R BB A0t 20 200 A T B A A UL
20 KRR Bl 3 A 20 B R AR . HE 45 R WoR,
hUC-MSCs BAE 2 57 B0 iy B 422 30 ] 6 T R

A

IRV B A U AR I3 5 1 B AR DL, 4T
AFNHES 55 JE Bl I i AR AR, TS 20 240 e 28
FHES 55 5] B IE 40 AN [R] R4 35 07 3H 7 45 2
(El2 Al ~A3), L O-MLR Y25 R Bon, 72
FARA ALY AR S, LA T A8 R,
hUC-MSCs B AR SR A He B 3R 2T O 1158
FHPEY (a2 8] hUC-MSCs B A B EHA SHE
ZIE A 2R, BOB B 8O B TR 4 15
4% (E 2 Bl ~B3), Masson Jefa gk i i 7% hUC-MSCs
AR AR TR A8 A 20 i Yo s il | Jie i
AR EFE ETERTFARAE 2 C1 ~C3),

2.3 hUC-MSCsX BRI ZHZ Col I ,Col I #A

B C

E1 HERRAABERGUE(2=3)
A ARTFARA ;B AL C.hUC-MSCs B4

Al

Bl

(l

A2 A
B B3
Q a

B2 hUC-MSCs B3R BHIRALRIEM M x50
AHE Y8, B. 4L O-[H 48 YL {5 C . Masson Jeff; 1 ARFARL ;2 AL ;3 . hUC-MSCs B4
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PCNA FRixMI#M  JF7 e Uk e 6 LItk —
RIS B EHE, iR
N, EHALH Col 1 .Col I HIRBKFEEZRAS
PH2E 8 L (F =79.25,F =65.03,P <0.01), 5T
RAME, BAIL Col T 2 11 R E K FREE (P <
0.01),1fi Col I FEHARIKKFFE(P<0.01), 5
BRI S, hUC-MSCs FE A W] 1R Col 1T MY R IK
(P<0.01) ,B&AIK Col T BYRIEAKF-(P<0.01),1H
SBFARLMN KRB A LA A 28 (P <0.01)
(UNE 3A1 ~B3) . ek s R BoR #5442
PCNA fRIBK P ZERA G2 B X (F =57.60,P
<0.01) ., SEFARLAMLL, BRI H PCNA BHHA:4H
JECEIE (P <0.05) . SHBIAH AL, hUC-MSCs
AL PCNA BHM: 20 M W 3 £ (P <0.01), I
K3 Cl~C3,

2.4 hUC-MSCs X Bt HA LA SOX9 Kk
2 DOt AL R R, & 4420 SOX9
FRIKFEEREBGI2#E L (F=71.27,P<0.01),
RFARYL SOX9 = HAE 40 A% N ik | B AL 4
SOX9 W) 3= 73 FC7E A% J8] [, B AR TR TR
20,1 hUC-MSCs B M4l SOX9 2 ik /K 15 T4 Al
ZH(P <0.01) , 7] hUC-MSCs R ] {2 # SOX9 A
g, WK 4,

2.5 HBHMESFUEREE SKIEHHL
3 A5 3 A JEAR R A R 25 0 B e B O [ I 5 %2
FAIE , A0 M T DL B AR AR 0 i 2 PR O B i e £
Jo T DA B P A U, Col T €0 )i, 400 it o o 5

HaEBHYY, IR 97% , WLIFL 5,
2.6 hUC-MSCs f4p 52 35 34 20 & 2ﬁﬂﬁiﬂﬂﬁﬂ’15’
Il['] PRARLL hUC-MSCs FERCE 40 43510 1 -
10010 B el TR SR A R R /\iﬁ
%ﬂﬁ%ﬁﬁﬁ%éﬁﬂﬂﬂiﬂﬁﬂﬁﬁﬁxi%mﬁ%(t =
16.37, P<0.01) , JRZEge 1 = 1 #4755 (&1 6
D), DAL 1 BBkt 2 0s 35 IR 24 (48 72 h
ANA] IS E] hUC-MSCs XoF 5By 4H A 35 5 RE 7 B 52 1)
DAPI Y25 0 7, JE35 352 25 T hUC-MSCs 7EAS
(7] i ) %o 26 B 240 A %) 14 B A FH ARG B3 i, H. 72 h
THET RO W (1 =8. 11, P<0.01) (K6 E) .,
2.7 hUC-MSCs {f5h L5553 B A T B A&
Mg Transwell /NZ# hUC-MSCs X 4% & 40 il i 75
(ISR, 25 S 5 e 40 5 A0BE T USR] UL ) 5 % R 2
FH LG, B0CR 20 i X #% I S 4 22 3 o o o A 40 i 3
B GEHER 73 B n] 45 hUC-MSCs 4% 5% J5 4 4
ML ERRE I G R, 2 R A G FE L (1 =11.37,
P<0.01), WEl7,

3 g

TEFE O T 51 80 4 Ad T AR X 3 EUIRZS
YRR SRR O AR R B ﬁéﬁ'ﬁi
PEREAR L SRV S — b N AR IR AT
AR IR R BN B 1 20 Wl 5 e el A U S
fitt ERT IR E R BAYT A R T
B, FHAEBR 22 ol i J 5 A AT RT AR T i 2 Y
SRR JRIT AR,
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Col | Col II PCNA

B3 hUC-MSCs XfHR#EZHZ Col 1 ,Col I #N
B PCNA RIZMIZME x 400
A:Col TYeft;B:Col I Yttt ;C.:PCNA Yefts;
D G4 b P M 4 I R ik R g1 B 1 TR
20 ;2 BRI ;3 . hUC-MSCs B4 ; ST R4A
B.*P<0.05,"*P<0.01; 5HRIH L. #P <
0. 01
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El4 hUC-MSCs M BHRIRAL T

SOX9 FKIZMIRM x 400
AMRTFARA; B HEAIY,
C:hUC-MSCs #Hi#; D: SOX9
FIRGE AT 1 DAPI e (a2,
SOX9 Jef ;3. e 5 IF AL 5
BFEARALE. ** P<0.01;5
AL HH . # P <0. 01
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B C

B5 KRHKBAEMEERELEE x100
A KRR ANIEZS B Col MY, C, R

T MSCs, 7 38 525 55 3 WA 98 19 Jmy A it o LAl
WE RS R AN B, U T — 2 BRI RCR 3
2 HAE A AL HIA AN B # . ZEASBE ST, hUC-
MSCs JEIEHT BT 5T 10 J8] nT 45 ¢ 2 b A8 53 51 4t
HBAL, HLRAGA DG TH A B 2 B %Eﬁﬁ
2450, MME A FHES 5 JE] [ IE 5 557 30CE A 24U
oI, FLa g BRI ECE (4.6) )2 r‘@%ﬁi‘ﬁu L7e
I (W) T B3 £ ICRS W B E T,
$E7R hUC-MSCs A U 5G9 4 i gt B AT B
BBEEER.
Col I 1 Col I 43 5IAE Ay £F 4t 1B Fi13ds W 4 1

() ARG, AT RN KCE B S R B IR, A

REL AL 45 FE 5 7R, hUC-MSCs B A J5 Col 1 ik [
i, Col 11 F&ik I T, #2758 hUC-MSCs FEAH 165 1) &
HRPCE AR 4e s, o TR TC IS 1 Reik 2
¥, DL R fﬂﬂﬂ’@ﬂl%lﬁ%uﬂﬁéwﬁﬁﬁbﬁtﬁmﬁﬂﬁ
i3z 2l , DR AR S R 20 I ) 3 R AR PN AR
MRS X B B 5+ o EE ) ztﬁﬁﬁﬂfﬂﬁaf“
AL S BN  hUC-MSCs B 4118 2 4141+ PCNA
FE 4 B %5 B 340, H. hUC-MSCs & #3315 35 7T
PEPEECE AN B 5 5 12 # , £ W] hUC-MSCs 7E1R N
ANESTAT R IR B 40 B A RS B X AT g 5 hUC-
MSCs 3 33 55 73 WA 1 7 XA 2F 0 40 M ) 347 | 15 55
£ DT S8 JI R A e A i e A A R
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B 6 hUC-MSCs fxoh 5 FE35RS MG FM(n=3) x10
A:24 h 41;B:48 h41;C.72 h 41; D RIFIHERE % )% 3R 40 MG 58 g ) %2 G 1118 5 L AN [R) 2k % i (8] X6 8 40 M 34 4 e g i e 3
1 AR 2 B8 (1 1) 2l e SFIRL b 30535 (1 : 1) e IEBEFR (1 - 5) 4, d. FER38 (1 - 10) 4 53T RA A . * P <0.05,* *P<
0.01

C 2r
EX3
e T
®
=Y
=
j==9
SN
A B 0
A B

7 hUC-MSCs 5N LRSI B WMITEBHIM(n=3) x200
AXTIRAEL B IEI IR C A IRIE R GE I S IR LA P <0. 01
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The effect of hUC-MSCs to repair rat knee cartilage defects

Cheng Gang, Zhang Feng, Wu Yujiao, Yuan Xiaoyang, Xu Liang, Wang Kang, Wei Wei, Yan Shangxue
(Institute of Clinical Pharmacology, Anhui Medical University, Key Laboratory of Anti-inflammatory and
Immune Medicine, Ministry of Education, Anhui Collaborative Innovation Center of

Anti-inflammatory and Immuno Drugs, Hefei 230032)

Abstract Objective  To investigate the partial mechanism and effect of transplanting with human umbilical cord-
derived mesenchymal stem cells (hUC-MSCs) to repair articular cartilage defects in a rat model. Methods Criti-
cal-sized osteochondral defects were created in the trochlear grooves of rat femurs. The hUC-MSCs were transplan-
ted into the defect of experimental knees. Sham group and model group knees were transplanted with saline. The
effects of articular cartilage repair were evaluated at 10 weeks after surgery with International Cartilage Repair Soci-
ety (ICRS) repair score, histological examination and immunohistochemical analysis. The effects of hUC-MSCs on
the proliferation and migration of chondrocytes were detected by Transwell in vitro. Results ~ After transplanting with
hUC-MSCs, the articular surfaces of the defect sites were changed smoother thanthose of the model group, and the
cellular morphology and arrangement were also improved in Safranin O staining or Masson staining results. Similar
to surrounding normal articular cartilage tissue after treatment for 10 weeks, and the ICRS repair score was signifi-
cantly elevated. In addition, hUC-MSCs treatment could promote chondrocytes proliferation, increase the expres-
sion of type Il (Col II') collagen and decrease the level of type I collagen(Col I ) in the articular defect site.
Meanwhile, the increased protein expression of SOX9 and protein transportation to the nucleus were observed after
treatment with hUC-MSCs for 10 weeks. In vitro, chondrocytes could be proliferated and migrated after co-cultured
with hUC-MSCs. Conclusion Transplanting with hUC-MSCs can promote cartilage repair, and its role maybe relat-
ed to the protection of the cartilage matrix and the promotion of chondrocyte proliferation and migration.

Key words cartilage repair;human umbilical cord-derived mesenchymal stem cells ; osteochondral defect ; chondro-

cytes



