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[F#E] HOY 9T Smad7 78 Sox9 Hi5k BMP2 sCE RN I VE HAWLE] . Jiik B/ BB 88
[B) 78 5T T4 e ( C3HI0T1/2) fE A Fh 4 il , 35 41 B s 3 Ad-BMP2 Fil/ 5% Ad-Sox9 B4 4 ifl, Ad-GFP J&&
YuAH Jg X IR, SR P Real-time PCR %033 40 g {1k 2 Fl Western blot 43 51146 I % 4 5 4% 2 Smad7 mRNA
FIRIKERE A FKIRKTF. KH Real-time PCR £l 55 Smad7 {5 F MMP13 5 OPN mRNA )33k,
EHL BMP2 + Sox9 41/ UL 4 7.11 d B}, Smad7 mRNA F18E F 2234 /K B BAK T BMP2 41 (P <
0.05) ; GaZE g Ak 24 et 25 5 i 7, BMP2 + Sox9 4 Smad7 ¥e 6 B i 55 F BMP2 41 ; [5] isf BMP2 + Sox9
21 S S A - OPN 5 MMP13 f3RAILT BMP2 (P <0.05) . &5  7F BMP2 5 S [H]
FET AN R A3 i, B ARG Smad7 n] Sox9 #Hf , ] Smad7 A5G K F MMP13 5 OPN %
K, NIMTAEBR T Smad7 X BMP2 SR8 Al /E A, BELLE T 4 g i 2Btk , A R PR A B 5
IEHIRAS
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Role of Smad7 in Sox9-potentiated and BMP2-induced differentiation of mouse

mesenchymal stem cells into chondrocytes
Zhao Chen, Huang Wei, Liang Xi, Liao Junyi, Zhou Nian, Hu Ning, Zhao Zhi, Jian Changchun ( Department of
Orthopedics, the First Affiliated Hospital of Chongging Medical University, Chongqing, 400016, China)

[ Abstract | Objective To determine the role of Smad7 ( mothers against decapentaplegic homolog 7)
in bone morphogengetic protein 2 ( BMP2) -induced chondrogenic differentiation which was potentiated by Sox9
(sex determing region Y-related high mobility group-box gene 9) and investigate the underlying mechanism.
Methods Mouse bone marrow mesenchymal stem cell line C3HI0T1/2 was transfected with recombinant
adenoviruses Ad-GFP (as control ), Ad-BMP2, Ad-Sox9 and Ad-BMP2 + Ad-Sox9 respectively. The
expression of Smad7 at mRNA and protein levels was measured by real-time PCR, immunocytochemical
staining and Western blot analysis. Real-time PCR and Western blot analysis was also used to detect the
expression of Smad7 related factors MMP13 and osteopontin (OPN). Results When the C3HI0T1/2 cells
were transfected with recombinant adenoviruses Ad-BMP2 + Ad-Sox9 for 7 and 11 d, the mRNA and protein
expression of Smad7 was significantly lower than in the cells transfected by Ad-BMP2 (P <0.05), and similar
results were also found by immunocytochemical staining. What’ s more, the over-expression of Sox9 also
effectively reduced the expression of MMP13 and OPN at mRNA and protein levels than the Ad-BMP2-
transfected cells (P < 0.05). Conclusion In the BMP2-induced chondrogenic differentiation of mouse
mesenchymal stem cells, the over-expression of Smad7 is suppressed by Sox9, so is the expression of Smad7
related factors, MMP13 and OPN. Thus, the inhibitory effect of Smad7 on chondrogenic differentiation is
relieved, which prevent the maturation of chondrocyts and then keep the normal status of chondrocyts in

development.
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A B RO AT — RiR T R B Y BRAR T v
GG T AR, B AR AL 0 5838 e AR Tt
JE A SRR EOK o H T B ARERCE R IR FR BAR
HIRCR B S B, R W HE T N 2 B TR
Hil' S H RS LN 5 ) 98 BT 41 ( mesenchymal
stem cells, MSCs ) J{ERCH 704k, M A ) TR ERE " A
IR AN X SO R IZ U T B BCE 18 Y BT R
AP BB A % 19 2 (bone morphogengetic protein 2,
BMP2 ) 52 H Fi A A5 MSCs BUCR 73 A B4
MBI FHFE T kT BMP2 721 S MSCs 1
Q=i il B 7 e I N 1 S ' = S R (| I ok T
BB M N+ Smad7 ( mothers against decapentaplegic
homolog 7)) , & R ¢ I J8 40 1 i A A B 29 4 i 100 A
SEPES O TR, B A IR 25 S R BMP2
BCE RN, AT BB T BRI — A FI R 3= A ORI . A
PR R IAEIE AB T — AR 7 —— AP
PrE X Y HEZE [ 9 (sex determing region Y-related high
mobility group-box gene 9, Sox9 ) T £ B I #4 55 BMP2
B LA FERR A0 [R) I, 00 2B i i A, (E S ophs
JH Sox9 HIARE & xS T, JLAEFFLER AR A
WS AL PR B Smad7 J2 75 2 Sox9 Ppla] BMP2 A4k
HHVE R0 5 22— B Sox9 1455 BMP2 B 4515 R4 7 2
5 H T Smad7 £ 5C, LI #5775 BMP2 JE A 5 4k
A TR B ML R DR Rz FH B A

1 WS

L1 el &85 7

SR FH /N B 18] 78 5T 1 40 ik ( C3HI10T1/2) LA
FNEE 293 40 itk (HEK293) , 5 41 )l i 7 Ad-
BMP2 \Ad-Sox9, Xf HE B 41 IR B Ad-GFP 33 i SE [ 2
JNRF R 1 IR F 9 28 T AT AR 38 ) 1 A 2
1.2 F3#E&XA

G4 113 ( FBS) 4 F Bionid 22 7], DMEM 5% 357 &

FITBEE B [ HyClone 23], FHE % R | 8 F B
i3 ( PMSF) | 200 Jfd 24 /% W . B9 5 R GAPDH i 44
SDS #E 1 FFEGE vhifk  BRAR 1 AL P IE AR IC LU A BT/
B TgG HUARSERIW A B3 = RAEYHARAIRA T,
TRIzol 157 4 FI S [ Invitrogen 23 ], 308 5% 5% 18] & |
SYBR Green Supermix W H 3% [E Bio-Rad 7\ 7], Real-
time PCR 5|9 i1 b ifgA: T8 w65 0, 51907 51 2 0L
# 1, BEATCREDTIA Smad7 1§ [ 22 [ Santa Cruz A,

B SE AL PR IC L P00 TeG HUiARE A SE T Ab-
cam A F], SE A M AL 2 1R & A AL st TR A2 S AR
YA R

%1 Real-time PCR HETH3| #1551 K /B K/

S SIBEAI(5'3) FEK
/IN(bp)
Sox9 1E 4% : AGCTCACCAGACCCTGAGAA 200
& X 4% : TCCCAGCAATCGTTACCTTC
BMP2  iF 4 : ACCAGACTATTGGACACCAG 174
% M4 : AATCCTCACATGTCTCTTGG
Smad7  IF X% : AAGATCGGCTGTGGCATC 230
% X 4% : CCAACAGCGTCCTGGAGT
OPN iF X% : CCTCCCGGTGAAAGTGAC 124
2 4% : CTGTGGCGCAAGGAGATT
MMPI13  iF 4% : GGAGCATGGCGACTTCTAC 208
JZ %% : GAGTGCTCCAGGGTCCTT
GAPDH  1F ¥ %%:CTACACTGAGGACCAGGTTGTCT 123

Jz L4 : TTGTCATACCAGGAAATGAGCTT

1.3 ik

1.3.1 EAMREY K Uk BE R 10% Ji 2 1
THH 1% FH 58 R 1) DMEM B3R 56 78 75 em’ 400K
FEM RS 3% HEK293 4i1 g, 75 40 B 7L A ik 60% ~
70% WM GE R #EiRg . 4 ~5 d J5, 2Ot s
Y LA S B A L AT 90% |, B T g
HEK293 4028 5], 75 40% ~50% 20 i 7% 3 v 5, Wit
RO 5.0, 57 8 BT, FE AL S 37 C
TRVE IR R, SR AN, AR e O S S S AN i
S 3 I B B S T ORAT

1.3.2 C3HIOT1/2 4 ffg i 5% 5= K ifs 5 0 1k
C3H10T1/2 40 FH & 10% JR4 L3S A 1% FHE R £
SEAIEFRIEAE 75 em’® QUMLG S P EAT B 5%, R4
HRKZE 30% ~40% B (G052 24 h), 53 55 4
20, 4% B A& B Ad-GFP . Ad-BMP2 . Ad-Sox9 . Ad-
BMP2 + Ad-Sox9 J5 B Ak W B YL 41 it , LA 4 2 (6] H A7 AH
[R50 B, FLAN M A KRS RV T 5 FH o, e
24 h J5FE DG BB T WL B, — M JEk g R P ol 1
40% ~50% .,

1.3.3  ZHAE RNA 200 $#21.3.2 frikfE 6
UM RS IR UM, 35 92 BT i R), 3R R R,
PBS 1E¥E 2 WA, BFLIMA 1 mL TRIzol {5, 2 && X
F1'5 min (HA0HE 770 2408 KR G 2 1.5 mL EP
B EWEACE 5 min J5 A 200 wL &4, B ZLIR
15 s, 28 3 min, 4 CARIEE.C, 13 000 t/min,
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15 min, WX E3EHIA 600 Wl 5P EEIR AT, % TR &
10 min, 4 CAEEE L, 13 000 r/min, 10 min, 5 JK 7]
LTI, W LIS, A 75% £ 1 1 mL PE%TL
€. 4 CARIEE.0>,10 000 t/min,5 min, F L&, fFH
22+, A 25 wL DEPC /K% fift RNA K RNA ¥,
1.3.4 RNA ¥ F VIR FR B4 5 RNA 500 ng.
5 x Iscript JZ W 2% ik 2wl Iscript 1055 54 0. 5 plL
JMA EP 4, nuclease freewater #p £ 22 10 L, PCR %
ERN A :25 C 5 min,42 °C 30 min,85 °C 5 min,
4 C R4,
1.3.5 Real-time PCR ¥ 1.3.2 T IETE 6 LM
thiE g C3HIOTL/2 4H, 70 ) 745 3.7 .11 KL HUAH
a5 RNA, %6 % 5% J5 17 Real-time PCR, #g il 55 3.7,
11 X Smad7 5 11 d OPN 5 £ i & )8 & H i 13
(MMP13) mRNA A8 X} & ik K ¥ RN K FR:95 C
3 min;95 °C 10 5,58 °C 5 5,40 ¥ ;58 ~95 CHRK LT
0.5 Caxhl gt 4. GAPDH (N 2, 1 IR I W %
3 APAT R AL EAR B XTI (NTC) , NTC & H 2R
ey g h 4.
1.3.6  fgdififborgdef 4% 1.2.2 07 ke 24
LA PR SR C3HI0T1/2 4ifiE, 157501k 11 d J5, 38 585
Ik, PBS T UEANML 2 U5 ,4% 2 R W [ 2 30 min,
Z e g A0 Ak 2 0] & B A AT Smad7 A g5 4 Jif
e gufa,,
1.3.7 Western blot ¥ 1.2.2 W ETFE6 1L
Merhd% % C3HIOT1/2 20 A, 2 3K 13 ik (8] B, 43 ) i
43 d BMP2 41 .Sox9 415 7 d Ad-BMP2, Ad-Sox9 | Ad-
BMP2 + Ad-Sox9., Ad-GFP 4H i Jf-$2 U FE 1, * H
BCA £ 1 ¥ JE I a2 v I 2 Fr 2R A5 W 2R VR 2 . &2
SDS-PAGE £ TRk (BfL L2 60 pg S F) .
TELED 5% AR W £ 1 h 4 CHEIRIEE HAr—
UL RS IR T P 2 h 5, s ROk fif
FH Quantity One #4147 GRS
1.4 %itsam

THRBURILL & £5 7R, R H] SPSS 19. 0 Geitik st
FrBENLIX B 77 22504 , 2R I T LR ¢ A

2 HR

2.1 FHB/FRFNART i B RR KA

24 h j5, Ad-BMP2 ., Ad-Sox9 , Ad-BMP2 + Ad-Sox9
o Ad-GFP EZt C3HI10T1/2 YL R IA 40% ~50% ,
A RKRES RAF, AT R IRGL 5 11 d(E 1), %
A B 20 IR 7 AT A R Y C3H10T1/2, Western blot
Kl 25 R R B, B 09 5L BMP2 . Sox9 3 s ) % A

C3HIOTL/2 AT rI e E A RCERIA (K 2) .

A:BMP2 41;B:Sox9 48;C.GFP 41
B 1 Ad-BMP2, Ad-Sox9 ¥ Ad-GFP & C3H10T1/2

AREEHRAEEBRIE

1 2

SOX)—> —

(%R Z M x100)

«—65x10°
GAPDH— v e <361 (° @

1 2
BMP2— S - S— 75 ()

GAPDH— — — <30 | () @

A:Sox9 F & &k 1: Sox9 41;2.GFP 28;B; BMP2 & & &

% 1.BMP2 41;2.GFP 41

E]2 Western blot & il & 40 5 40 PRk & B S C3H10T1/2
A B EBRIEKE

2.2 Sox9 5 BMP2 Bt 43t Smad7 mRNA & ik K-F &
EAL]

AFE Y T 2H 5 B3 R C3H10T1/2 Ji5 , K6 I & SHAE
BMP2 2(3.7.11 d) 5 BMP2 + Sox9 41 (3.7 d) i1, H
Smad7 mRNA 235 7K 73 W] & % F° [R] 05f [|] £ GFP £
(P<0.05), % 7.11 K ,BMP2 + Sox9 2 Smad7 mRNA
FIXW B ALT BMP2 4 (P <0.05) , F278 3Kk Sox9
AL REMH] BMP2 E 1Y Smad7 mRNA 583k, LA B4
SRR, BMP2 75 5 S W 4Cs E 7 /Y W) bl T
Smad7, Bt F] Ad-Sox9 J5, & ik Sox9 B A S1 0 i
Smad7 mRNA {33k, Hort 7. 11 d 2R 2 (P <
0.05,/43),

- COBMP2 4 #ZSox9 E%ﬁ B BMP2+Sox9 41 HGFP 21

o
P

Smad7 mRNA FHX}#
T R U NS

11
IF1E] Cerd)
a:P<0.05,5 R B GFP 2ib45;bh:. P <0.05, 5 R B 4]
BMP2 28135
& 3 Real-time PCR # il Sox9 #1 BMP2 X} Smad7
mRNA RikK R0
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2.3 Sox9 5 BMP2 BtA-%F Smad7 Réﬂi-:l'-ﬁLQ’J A
AW A R 2H IS B e C3HI10T1/2 40 o 55

5 GFP 204 1t ,BMP2 4 Smad7 EE%ﬂs@%ﬁﬂ»% ;ﬁ'ﬁ
BMP2 + Sox9 201 Smad7 & (A .55 T BMP2 41 ;
Sox9 YL IRE S5 GFP AL B R EXE R, BB FHET
BMP2 41 il BMP2 + Sox9 4, %y 41 fifb# 4 a5
Western blot KM 3RS HHLA 25 5 (161 4.5) , W] Sox9
AJERE FKCEAM ] BMP2 55 T (1) Smad7 Rk,

4 - L Smad7(46x10)

s 1101
1:BMP2 482 :S0x9 41;3: BMP2 + Sox9 41 ;4;:GFP 41

4 Western blot 4R EE 7 REHE4H Smad7 & HFRIKKF

A:BMP2 #1;BSox9 22;C.BMP2 + Sox9 #1;D:GFP 21
5 BBt ELEaNBEELE 7 Xif&E Smad7
FiEfER  (S-P x200)

2.4 Sox9 #F] BMP2 # % MSCs % %
MMP13 mRNA #j £k %1%

A B EE IR C3HIOTL/2 J5, 425 7 d AR
mRNA | i ¥ 5% J5 17 Real-time PCR, & 45 5 i 75,
BMP2 2 OPN %t K 7K F- KA B i & T GFP 41 (P <
0.05),1M BMP2 + Sox9 #H + OPN 3£ ik & i B AKX T
BMP2 4 (P <0.05), MMP13 7£ BMP2 41 v %3k B i
fXF GFP 41 (P <0.05), Jfif BMP2 + Sox9 41 . BMP2
2 MMP13 A HAL(P <0. 05, 6) . X720 Sox9
WEE BMP2 55T OPN (33K, 3P4 [7] BMP2 1)
# T MMP13 933k,

sS4k OPN 5
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5
1:BMP2 £8;2:So0x9 #1;3 :BMP2 + Sox9 £ ;4 . GFP 48
a:P<0.05,%5 GFP 403k ;b P <0.05,)5 BMP2 4 b4k
6 Real-time PCR #& il Sox9 #1 BMP2 3 OPN(A) 5§
MMPI13(B) mRNA %7K FEH2 00

3 g

R A2 2 A
IR GEHIGYT I AR RS ﬁk?mﬂ%%‘w LR R AT
TG o BEBAETAR , JoHIE AR SCE B B AR AT
PR R AP TS , (0 PR BCE SR I AR5 U | 1
PRIV FH 22 2 BR o L PR Ak 1 AR ) TREHRCE nl oy
WE B UE s R B E AR, C BT SERAL

BMP2 PR AJ A5 2175 5 MSCs B8R H 434k T 32 3|
Uz, WAERR B R YL T Ad-BMP2 ()
MSCs, A JE IRk 46357, i BMP2 B U JG 36 8

AR RETT 55,

BUEH A, Jain 29 d ik — B BFFEIE T BMP2
FHESRACE e 11, LA BMP2 & 8525 E FDA It i

B THHE T A, A2 2 e 5 2 L, it
BMP2 746 A= ) T R J5 T E AT T e 89 1 i
o H BMP2 7E95 5 HCE LI [R] if 3% 5 T MSCs
JCR R I EL A T — ZR 50 R R B R
T, T REAT T 8B 1 b 518 5E o il i Bk iz 1]
HABE 7, £ BRapsss LA EA RN, 1458 BMP2 %k
RN, AT RESEAL 1L BMP2 5 500« A 9 T REFCH 11
Tk,

FRATHT 5T A B, B3 0 Sox9 I A7 b e
BMP2 i4KH RE ST, B9k Col2al I Aggrean 55— Z2 51 i
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HOE TR T-3e3k, 78 iR Ak BMP2 75 5 8501 Ak 1 [ i 741
T TRk, 4R o R R akim HAE A
B ¥ AN B . Smad7 74 BMP2 T i %) 35 2 50 1
HIE T, 76 BMP2 55 T ik B W T, 72 40 fb gk i
HE) TR . Smad7 BEiE i BELIKT Smadl/5/8
%5 MAPK 38 B0 BMP2 i S 0B b e . =
ik Smad7 (/N HARB AL R 32 ) 58 ], 16
Bl Smad7 ] A5 2500 T 40 B R e T R
Smad7 J5/INFUAE KA 2 AR e 28 i A B A, B R
DX A, A 40 3 Ak 45 i, 16 BH Smad7 7E FRCE 2
M e 8 TR B . BB, A
Sox9 N Hgask BMP2 B FR-E:, [7] Bf 41 il B 4 Ak, ok
INER BB R IX IR, X — R HN G 4R R Smad7 7]
AEE Sox9 D[R] BMP2 Jl i (/E R i 2 — o AIF5E
AFF2IE7KF Smad7 % BMP2 75 S 505 A EFE 4 5% 1
WA RT3 — 7 % Smad7 @9VE . SR b T [
KRR B 3K Smad7, Sox9 5 BMP2 41 Jifg 455 74 ¢ L
YEFr . Twai 251 BFSY % R #6389 Smad7 ] 3 14
il Smad1/5/8 5 P38 i i S1BHKT BMP2 75 T 1 4K
ko H TG 7 26 R /KCOF- X LA ), 1 7 635 Smad7
AT RESE 4 BHIET BMP2 375 5 1 e fb o R, J6 i W 5 3
PRS2k, PIASE R HITE BMP2 355 T
J5PE 55 2% 15 Smad7 [ ] 38 5T T 41 M Oy A5 B U0 5%
Smad7 FEFCE fb 4L B VR, 43 B Sox9 X HAE
BMP2 75 5 s i A v i g i S5 H
AWFFEEE R B %, BMP2 55 MSCs 55 3.7.11 X
A, Smad7 mRNA B & Fh 55, i Sox9 5 BMP2 BES Ly
FABF, 47 d 5 11 d,Smad7 Fih% BMP2 A 2H #H
FEAG, #2785 Sox9 W] HE R I8 T BMP2 i F ) Smad7
mRNA 33k ;S0x9 5 BMP2 BX& 40T 11 d,Smad7 T
KB AT BMP2 4H, R Sox9 A &4l T BMP2
WE N Smad7 B FIK PR IE, 45A AT HRATH
5T :Sox9 5 BMP2 B I 0] B i [ Col2al 512
SR T kX — B AT LA Sox9 ] fEIE i 11
Smad7 X —EEHCE A PER T, LT BMP2 FiERY
B R385k, 008 T BMP2 -S40 R R T
MMP13 &5 OPN JZ#CH i i v 8 22 6 de P 7, o3k
ik 5 Smad7 ZYIAH G, OPN J&pH HZ AR & H F,
FEIRTH AR R BOE B e EE A SR R o B
MMP13 HE 253 Col2al HIAEF , e 7k 4B 3 Jit [
i, WAL B EEN T W RIRN TS
PRI R L e 2 P, e R AR SR AT W e Ak
A5 &I, Smad7 5 BRUAE 1 A P 3R B &2 7
BI85 A A M 4 Ae e, R A

MMP13 15 OPN PIF-76 A4 K AR N B 5 R 3, 4275 Smad7
ik MMP13 5 OPN 7S (LB AR . T TR
WF5E K BH Sox9 A i ) 4 i 7 ALP 5 Runx2 1)
FEIk, eI A KA L R T AR
i Sox9 X Smad7 TE45H AT T RIVERT, TR AT 160 T
5 Smad7 B YIAH Y MMP13 5 OPN [ T-, & Bl
11 d i, #5235 Sox9 i Smad7 234 4 [R5, o 6]
T OPN Fil MMP13 ik, BHAG T %R AL i
Wang 21 (o fF 57 % #1 . BMP2 AT 30 ) MMP13 &3k,
il MMP13 ZE 575 A XK 9 K -, A Sox9 7 3k — 25
g BMP2 J MMP13 (7EH] . i SR 5% 45 S 2442
7% : Sox T g3 i #1) Smad7 K B A S N
TR, BELIKT T 200 40 M e A S Ak, A T K
B,

25 LT ARSI I T Sox9 19 3R BMP2 7%
SRR BRI T e S HAM ] T Smad7 A X, B Sox9
AL BMP2 5 S R w5 2 0k A9 8 R ok R g I
F——Smad7 BIE K, NTTHE— 138 T BMP2 A 4%
TR . Sox9 1EME Ak BMP2 Ji 2H 46k I 1 [] ik 41
TR A0 M 28 R A HE TR, R4 T 00 20 TR 25
JEFRIRESE . Smad7 T RER Sox9 % 3 46 T R A A
FH#R S SRR T Smad7 8 FHIY 2 REVE 55 44k, A
[ 22 157K -9 Smad7 % BMP2 5 S4B L 2 75 5]
RFEWEH 4 5 BF 9. Smad7 16 Sox9 M43 BMP2 i &
K EAL TR R BURLE A i — R

SE 3k
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B FE RS AP BT R K R AT AE TLR4 By 3R3A

hAE T AR M, B AR OE

[REER ] AR TEIRDIVET 2 s TLR4 5 KR
[hEZES2S] RS75.5 [ X#iRER] B

ARTERS 14 B8 W5 PE IT 9% ( nonalcoholic fatty liver dis-
ease, NAFLD ) J2A U ZR- S ME R XFIERY R . BEE
FRARE K P 1 B v, AR RS 1R i 105 P BT (non-alco-
holic steatohepatitis, NASH ) [i{] & 385, l H 5 /Y
JHEF AEAL A RE AL A ety b oba#s . (HRH &R
BLHIR 2 385 M IR R B AT 25 ) et
H AL S HTOF I R R, AW I8 o WL
Toll ¥£5Z {4 4 ( Toll-like receptor 4, TLR4 ) 7E IR0 K5 NG
JTHEIF 5 R BT ZH 2L 23, 3 & vl BEMIL A

1 #EREFTE
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