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FHAE T LT MR i ALP 1S PE RIS B AS SR VT (F wm=18 782.10,P=0.000) , FFLL AL BE 17 d JE A BRI B 2E 5 TCF-B1 4
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[ Abstract]Objective : To investigate the effect of transforming growth factor—B1(TGF-B1) on bone morphogenetic protein 9(BMP9)—
induced mesenchymal stem cells(MSCs) osteogenic differentiation. Methods ; C3H10T1/2 cell line infected with BMP9 adenovirus and
added with TGF-B1 protein was used to create the osteogenic model. The modified SEAP chemoluminescence assay was used for al—
kaline phosphatase (ALP) activity. Alizarin red staining was used for mineralization. Real-time PCR and immunocytochemistry were
used for bone markers collagen type I a2(COL I a2),osteopotin(OPN) and osteocalcin(OCN). Luciferase reporter assay was used for
detecting the Smad expression. Results :BMP9 combined with TGF-B1 induced more ALP activities and mineralization(F=18 782.10,
P=0.000) than single BMP9. However, there was no difference between single TGF—B1 group and single GFP group after treating con—
secutively for 17 d(#=1.03,P=0.318). mRNA expression of OPN,OCN and COL I a2 was increased in BMP9 combined with TGF-31
group than in single BMP9 group (Fg.1.,=250.30, P=0.000; F;;n=795.64 , P=0.000 ; Fo:x=206.55,P=0.000). BMP9 combined with TGF-
B1 increased COL I a2 more significantly at earlier stage(#=250.30,P=0.000) and increased the protein expression of OPN and OCN
in vitro. BMP9 combined with TGF—B1 stimulated the activity of luciferase reporter of related Smads (y*=32.84,P=0.000). Conclu—
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A RN T A0 B PR 55 ) 52 5T T 20 L (mes—
enchymal stem cell, MSC) ‘B 73t /2 41 2 T R
rE#E B EEEER, BESRAE 9(bone
morphogenetic protein 9, BMP9) J& VT 4 5% A& BHL Y.,
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B1 (transforming growth factor—B1,TGF-B1) & 4 fifl
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S AU E AR AT 5 Ak, %o A S A B R 4 TG 1
FEHIR,

AT 5T LA 4 o 7 12 E 4T BMP9 7€ [ 75 3
FL MSC C3HI10T1/2 B i544EP, it il TGF-B1 AbH
WS TGF-B1 X BMPY i T i 7 fb it T RURA |
RSB R BT S A BRI O 5 LA KA
S E A3 Smad YA AE AL, 5 TGF-B1
XF BMP 1755 R - R VE T BCHAR: A, IR
FHANAR R 75 A A 2E— 2D TAEZE e LAt

1 #RETE

1.1 A

BMP9  TGF-B1 20 i 15 F 4 O 2R 1 (green flu—
orescent protein, GFP) 25 3% A % B | 9¢ V' K 4R 45 56 K i
p12xSBE-Luc I pBGLuc—Smad F 3¢ E 2 haf K250+
Jegg T R AL RS HEK293  MSC #RC3H10T1/
2 A&l HCT116 ANARAR A [ 35 AR TR P £ 98¢ o0
(ATCC) ; DMEM = Bl 85 32 5k MEM/EBSS #5373 W [ 2
Hyclone A H]; BME KiF# 3% MR BTHA= a4 i W A 3& [F Gibeo
NG
12 F#*
121 ZHMOEFR L seme el AR AL I SR AR CEs
F& AR FRIE T 10%)6 4 I 100 Uml 85281 100 wg/ml
BREE R R

SEE BT (1) BMP S b BEIZH (455 Sy BMP 41) .
] C3H10T1/2 ¥ i3 &5 i 55 1 4 1) BMPO Ji o 2 (J&k e 2%
#30%),8 h JG# BME 3537585 (2)TGR-B1 S b i) (45
ATGFAL) . 1a] C3H10T1/2 Y 1 FiSe il 45 19 TCF-B1 L3

WA BME }53545 5 (3)BMP9 5 TGF-1 & (B4 L FRZH (45
g B+T 4H) : [6] C3H10T1/2 BRI R4 BMPO it
BRI 30%) , 8 h Ja 3+ ZMR IR TR SE i 45 1) TGF-B1
ZMFREFR LIEWOR BME R5373E (4)GFP 4 (W IR (455N
GFP 41) ;[ C3H10T1/2 A8 I i WS il 45 1 GFP A 2 (J&k
YL 30%) ,8 h 5% BME K5 FR3E  SL50 AR AH [ SE B0 A 5%
TEEMTT 3 W, R SR A A EE T 31K,
MILE S HREA RN 9 1K,

122 FRMFEREFRSERES OV A A5 s 4 HCT116
Z RSN, Fr VG RE A MRS B2 18 80% )5 , I AT & TGF-
B1 MR (JRYLBICR T0%) , %% 3~5 h Bl BME F Lk
FeFk 48 h JE W FVE TR ELISA BRI O8I TCGF-B1
VR A YRR 5 ng/ml,

1.2.3  DiIERERLZ G (alkaline phosphatase,ALP)?ﬁ‘@Kﬁ‘{‘m'J il
3 x 10* ANFLAEFT C3HI10T1/2 4R A 24 FLAR, 432 Ab Hi s B
FREH 1,59 R, ALKEFREE, 4H024% 5 min 13 000 1/min
B0 3 min BCETEMA 20 pl ALP JIEW 22 wh IR S, 250
HEIE30 min, SRR GERGT T BCA A4 A P &
B, O ALP 5,

124 BEERUURBISLES  BER3E I AL R 50 pe/ml 1)
YAz 28 C 10 mmol/L 1ty B—MEA H i , 3%Fh C3H10T1/2 2l
T 24 LA, F S IR T o 2t in b B LR E S 5.9,
1317 RJGHATHE R LD S Yefa . 7r REFFREE LW ISR ER
2% W (phosphate buffer, PBS) ¥t , I - ] 5 /5 28 ddH,0
THVE, A 0.4% 6 RLT S, s T AR W, 77 H B2 oy o
HERRIS (29 5 min), FFF Y, ddH0 201 A PE %, B
BTSSR

1.2.5  SERFZEEE i PCR KM A E M FE R mRNA §4 5836
K EHBER SR C3HI0T1/2 4010 T T-25 4 i35 35380 , 40
MuFL A TE 50% , 4E4F TGF-B1 W FEFH/P A AL T R gR 240 1,
5.9 .13 KIATHM . SR Trizol 1 H2HRANMLE RNA , I 5 e
JEERNAE , $00  SEaton) U AL 2 g L RNA 4730 %% 5%
FIE, SERF G RE B PCR AR B M SEFE N T a2 ARUAR R
(Collagen 1 a2,COL I a2) ‘& # & (osteopontin, OPN) Fl1 & 45
Z (osteocalcin, OCN) 5 5t K3k | LU B-actin ZEHAE NS
W AR Z K SYB Green 10 wl ddH,0 8 wl. IS 4455
0.5 ul,cDNA 1 pl 320 l, JEIEL 42 WK, SHREARTEY 3L
H—HUREIL T I HEHE CT 5 (AACT) I S A i, 4

Xﬁi@i%:fﬂmzf(”r AbFH-ACT X)) (CT AbSH-CT 4 2)~(CT & J-CT W%)l’

Bl 3 WEE P E, s 1,

%1 COL |a2.0PN.OCN # B-actin # gPCR 5|47
Tab.1 Primers of real-time PCR of COL | a2,0PN,OCN and p-actin

JEIA EI]51#9) BG4

COL T a2 AGCGAAGAACTCATACAGCCG TGCCCGTCTCCTCATCCA
OPN CTTTCACTCCAATCGTCCCTAC CTGCCCTTTCCGTTGTTGTC
OCN GGACCATCTTTCTGCTCACTCTG ACCTTATTGCCCTCCTGCTT

B —actin

CTGAGAGGGAAATCGTGCGT

CCACAGGATTCCATACCCAAGA
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1.2.6  SPELNALY:  C3H10T1/2 A MR, /-2 Ab 38
Ry TCF-B1 ALPIVe s LG FRAL 9 d, T4 5 KA
9 KArHHEAT OPN Fll OCN i [ Rk A . R FH i i — 20 1k
F SR E U T S A Ak 24 Y €5 OPN F T P4
TAEWE 1:1 000, OCN Z FEREHLIR TAEMRE 1:500, #% 57
PBSZE sl A MBS FIXHIE  DAB B0, JRAKE B 4, e
WML,
1.2.7 PR HP LIRS A5 5 W E 1Y Smad 7KF
B XU K C3HI0T1/2 414 1.2 x 10° ANfHEER T T-
25 855, LA Invitrogen Y Lipofectamine 2000 & FiiAK: 7
A BMP ZZ A% Smad (BMP R-Smad ) 5/ 2 4 45 5 R
$i p12xSBE-Luc 5{# TGF-B SZ &% 1/ fY Smad (TGF-B R-
Smad) 7R AL FEF Bk pBGLuc—Smad ## EERABE X
MM TR Y RS 16 h REAH AR LR 1L | SRR T
24fLAIEEFE AR D INAREFRET N AdBMPY Fl (8 )AdR-
TGF-B1 4b#1, 48 h 557 LG FR5E, PBS WEk, 24 A, #%
Promega 26 F U & UL K B S 9 R I 7t 57
RA, T,
13 %t

i SAS 8.0 B TGt . BRI ER /0
BIR0 = b (oo 25 ) FoR, IRAS 20 A FH P 280+ U4 [R]
HHE (M = Q)R BRI ST R G ) 225045
SEABENLIE T 22 20 LS BRI SRR 90 254, R AR
SR Kruskal-Wallis TG, oE— 25 5 5 EL AR A Bon—
ferronilly) Wilcoxon FRAIKZES . K IG7KE @=0.05,

2 R

2.1 TGF-B1 4 BMP9 # 5 C3HI0T1/2 48 JL s B 410
#1 ALP £ ik

Bl 1 R R FOR RIS KT-1 ALP AHX FRiA A 3 4>
i ) A5 AR BT b 7 T N T 25 A BT R B L 4 b PEAH
(] | 3 B () A 0] A 3055 Bof ) 22 BAR AR AR e L
(F =18 782.10, P=0.000; F 4y=26 593.00,P=0.000; F 1y esys=
9 468.75,P=0.000), TGF 41%} ALP 52mfRAK, 5 GFP 4170 .
P (3 ANIFA] 30 F=0.00, P=0.998 ; F=0.30, P=0.588;
F=1.03,P=0.318), R oK ULAEMH C3H10T1/2 4l & A= 5 0
i) BB 1R Ak, BOME 22 )5 (R SR S0 25 2R HLAR W TG ZH 455 21
i, BMP 41 ALP 1S3 =, 170 B+T 41Ek BMP 41 gEHE 7. 5
ZHYHRE ALP JEHE, S 3 RANH BB B4k, 55 5 AW
255 (F=4 396.92,P=0.000), 5% 9 KX ALP 3fPEE i85 ¢
(F=30 569.60,P=0.000),
2.2 TGF-B1 43 BMP9 i % C3H10T1/2 48 ity sk B 0 4 45
AR

555.9.13.17 Kl P LT S Yot L 0. B+T 4LNER 5
KA DA O LA 25 17 A (B TP B AT S R ) | 1

BMP I\ 13 RIT IR A HA BIE B E545 1, TGF 415 GFP
ZHR W 22 5 (AR B Y EAE 17 RS RA S
WIS, B+T 405 BMP 40K VLB 22 5% WLIA 2,

1 7£ BMP9 #1 TGF-B1 FS5 T ALP ByiE
Fig.1 Changes in alkaline phosphatase activity under the
inducement of BMP9 and TGF-p1
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Fig.2 Mineralization under the inducement of BMP9 and
TGF-p1(200x )

2.3 TGF-B1 424& BMP9 # § C3H10T1/2 48 it sk B 48 % 2
B 4% KT 34 Am

R MRPAY 3 LI 4 WA A BRI A RS
VRSS2 LR COL T a2 1 F 14=25030,P=0.000
F y=5.75,P=0.012; F s cusy=7.10, P=0.002, OPN [ F jy5=
795.64,P=0.000; F 114=375.97,P=0.000; F 43 11 =177.83 , P=
0.000, OCN f¥ F 45=206.55,P=0.000; F 14=335.17,P=0.000;
F ymni=127.01,P=0.000) , B+T 214 BMP £ it il F5 AH 56 3
[R S/ B R, DL COL T a2 324kt R LA
WO BIAEE 1 RAY F=55.70,P=0.000; 55 5 K1) F=240.40,
P=0.000; %5 9 KKy F=73.25,P=0.000; 45 13 KKy F=26.83,
P=0.002) ; BB IG5 4R OPN Fl OCN AHZE 350 T46 5.9
K ik W24 (OPN (19 F=71.72,P=0.000; OCN[# F=78.80,
P=0.000), WA 3,
2.4 TGF-B1 424 BMP9 #% 5 C3HI0T1/2 %0 At s & 48 % &
G &k ¥

G REAM AL 2= F AR S BRI AN PN 5 5 K OPN 2 (Al
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%59 K OCN FE AL, 45 R GFP 41 2 M £35 , B4+T
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I3 AT (B s AR o B+T B 3 T BMP 21, B
PEFRAIML V2 AAAE A P TR, DA 4,

g 10
ﬁ 8
= 4 . <0.
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MRNA7KF R IXTER
Fig.3 mRNA expression of osteogenic markers under the
inducement of BMP9 and TGF-1
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Fig.4 Immunocytochemical staining under the inducement of
BMP9 and TGF-B1(200x )

2.5 TGF-B1 F4A BMP9 4k 22 ) 045 5 i@ 2548 B 49 Smad 5
RAERE T

SEAREHLE T B+T 414028 L) BMP9 TGF-B1 il
Ab Y 2% B RE IR 1V 9 Smad 9806 5 1E M AR AT L
BMP9 \ TGF-B1 Hpl b1 R ES MR E X 5 ARl Smad ¢
FeE M 1ETE (=32.84, P=0.000) ; B+T ZH AL P4 BMP9 Fjl
AR R T BMP R-Smad 2GR 514 (=45, P=0.003 ),
B+T HALFEES TCF-B1 BB TCF-B R-Smad 76 H
TP R AIG (T=45,P=0.003),, WLIA S,

P<0.05

700 000 120 000 P<0.05
£ 600000 3£ 100 000

fe=Reant -3
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B. C3HI0T1/2 4 %% e
pBGLuc—Smad JFRLJi5 4%

A. C3H10T1/2 4% e
p12xSBE-Luc JER 5 4%

S G
5 TGF-B1 X BMP9 5 C3H10T1/2 ARA B4 k172
Smadfg S KM

Fig.5 Effect of TGF-B1 on Smad signaling level of
BMP9-induced C3H10T1/2 cells

MSC I TR 77 B RSeS| A 1% B
LN NS =) = & N | |
2 LUEHE MSC 432458 58 1 ) 43046 A iff e PR B A
M., BN 1 FE BMPs LA R E 5 S
MSC oAb A B 2 PR B AL Y B 2248 40, BMP9 J&
I JUAF R BRI 5 S0 ) o i R B AR Y
BMP ZETG R P, S A F B T 4i M HE 5 oAk 1 P
A I AR e 250 B A MR R T SRR,
BMPs 3 %38 i 2 L () BMP R-Smad 1.5 .8 15 5%
FIALE T I REA AR AR 220N,

BMP9 BRI R kB P A (H L S
FRAE AT SRATAE BRI | B0 B i st 1) i 4
a0 B g o B A 22 4 I R T fig 5 BMP9 axX 2
BMPs [X i Bl J5i A5 BRI B 4G 9 43 A e 0 A
BRA S, TCF-B1 7 H A4 At A% 43 Ab A el
SR R HEEEEN, R4 TGF-Bs Fl BMPs [4]J&
T TGF-B WEE bt , [ TGF-Bs %)% R—Smads
Smad2 1 Smad3, TGF-B1 REMEIEr=A: T #Ufi JF AN
E [N = B S ik S 195 e s = o D B = 2 2N L
Ak, BRI T 3 B 2 2 S AR AR B2y s mT LA
A i, TGF-B 1 BMP 7€ 58 ] BEAFE AN, TGF-
B1 MRV G4 T BMPs SR A 2 4001

/BRI S 5 %) MSC C3H10T1/2 2 i B A 18
FMER MSC S ga AR, AW 08 HZ A MLk 64T
BMP9 R 2 B 5 01155 5 B oAb, i 3 45 14 4%
FRILTEARAT BTG E R AP W TCF-B1 A M _HIH W,
ELISA A 5% {dt F e 5 it fin b 242, 257 BMP9
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A TCF-B1 15 U /- AR SMETRL 3 Sekaril 28
A EFERR ALP FAESERITRL ALP 1E R i 40148
b, FEIR RN FRCE 75T 5~7 d; B R DTRUE 4
BCHE MR 0 ERUE TR A 10 KLU
JE IR FIE  7E 17~20 d IR F it Seag 4k g
7~ , TGF-B1 B BMP9 Lb Bl BMP9 4b B fig H7 .
W2 ALP {G ARG | 8 ER DT, Frae b 3k
FI| C3H10T1/2 41 Jfd 1) 85 3k DR oy W J5 AN P 7
225 UL BITE BMPO 5 5 41 B iE A B ) JE Al
I, TGF-B1 AR HERLH 4 EVER . Bl TGF-B1 A
REfE C3HI10T1/2 4 A Az A o) i o5 o0k,
X A AR T ) MSC A ek BB AR

I e )i 5 B B AR B B R 1 R 2 S A
YERZ B EUE R & A i 56l K2l COL T a2
1 OPN | OCN R /K7 K S a1 R GA 72 Ak
/N, TGF-B1 5 BMP9 HX & 4b 3 20 5 BMP9 Ff b
FEZH COL T a2 OPN OCN Y75 B i 34 = | ARk #a #
5 ALP F5ERTTRUGINGS A —2, T AU ek
PR ZE N B Tl R A R B AT AR R B
E TR BE OPN (OCN 20 5 | & 2 I Ja] i
i, Ho OCN $8 e & A IR 2% B IE AL B 0T
B2/ S0 ES T BRI A A %
I ZR 121 OPN  OCN X236 KA A3 1R =5 i 3 A
77, BeRE b 55 R R KA S G, P,
TGF-B1 A] LI #E BMPO 5 5 & v T Y Jie st A
OPN OCN %) 35 PRI 2 S R, 11 S 3R 0 T s 428 Bl 1%
3,

U 2R T PR S 06 ARG I A 530 B 719 Smaad
NCPEERER TCGF-B1 A BMP9 AN FC3H10T1/
2 YRS oAb R & AR T Smad 15 538 IS K
SEAHR AR L, TGF-B1 B4 BMP9 AR A] fifi BMP R-
Smad % SR FIRFEAL XA R RIS TCF-B1 FEH
(e FEM 24T BMPO BE 4 TGF-B1 5 3 U i
Y OCHE R K TR BMP9 5 TGF-B1 ¥REES
SSHBANEON J 1) Smad 154k, #27-BMP9 1 TGF-B17]
REAA AL R I o TR s s, Bt — 2R T

AHFGEIESL , 7 BMP9 155 C3H10T1/2 MSC A,
B A TGF-B1 1 EA{EHEH , BMPY
5 TGF-B1 £ B ] BRAFZEUMREIVE | B AN,
B N AT S, LG AR A s s S AL A IR
A
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