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(HWE] HBY  EEA R FEN & TCF-B1 X BMP9 755 8] 76 5 T 40 M i & 40 fk 2ot B0 52 ma , 54k e A 1O 41 33k
BMP9 Ji- 5 1) TGF-B1 F &, NEA AR AN TR dE R TR B WAL FHRA G E ik N BLUEFE % T 40 itk
C3HI10T1/2, LA T H B 35 16 He A BMPO, #4357 fint 05,1020 ng/mL TGF-B1 & (1 4bHE, # 57 BMPO B4 TGF-B1 %
R FE T A0 MR A AR SR SRR AR TR PR R A1) TGF-B1 2 RIE R B R SEAP b2 &Gk FiZa 44k
2P Y B A U P W IR i ( alkaline phosphatase, ALP) 33k B2 if M #5 R 41 S YL o far il 45 £ HUAR 5 SE AT 24 ) 1 PCR AN
Western blot <43 5l ;10 1% B AH & FE PR T 218 Ji (collagen T, COL T ) . B #i & (osteopontin, OPN) | & 45 Z (osteocalcin,
OCN) 1Y) mRNA §% 53R 3K 7K - FIE 11 22 7R /K ST AE 5 i 2K 200 LSRG 0 4 AL 3 30 5 5 oo 5 e 0 50078 200 00 000 48 i 4 5
50 5 ng/mL TGF-B1 5 BMP9 X4 40 ¥4 BMPO H kb B B 88 L B8 2 Wb 41 755 ALP 3 PR 5 [ 85 3L DO, Re g ab 21
17 dJE 3R DUREE RA T /R W] i 22 55, TGF-B1 Bl b ¥ 5500 REZH (W] TC W] i 22 5% o B TGF-B1 Sl 3G i, ALP % P4 Fn 45
RPN Z B4 . 5 ng/mL TGF-B1 5 BMP9 B4 Ab 34 BMP9 Hjh g fi COL 1 ,OPN,OCN ) mRNA #% 5% /K - Al
EAFBACEY B8, COL T A8 Ak & A= 45 R0 22 TGF-B1 o FH 7042 34 3 20 ng/ml. H 30 L PR s SR RO B 1 32 54 32 5
i (B COL | Jhi= fa S T RB 4k 47, BMPY fi ik 20 i % 58 , TGF-B1 X2 % &L 40 i /5 FH , 4t i J1 30 3 Ak R 1 G,/ G, JWIBH.
filro 850 75 BMPO 5[] 78 5T T A M iU Z A, 3 4 19 TCF-B1 G W HI B fEHEVEHT s BMPO 55 TGF-B1 7E 5 S 1l #
ST BEAEAE PRI DG &R
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Effects of different concentrations of TGF-1 on BMP9-induced osteogenesis in mes-

enchymal stem cells
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[ Abstract | Objective The effectiveness of bone morphogenetic protein 9 ( BMP9) -induced osteogenic
differentiation of mesenchymal stem cells (MSCs) in combination with transforming growth factor-g1 (TGF-B1)
is investigated to find the optimal concentration of TGF-B1 for bone regeneration of tissue engineering. Methods

Mouse MSC C3H10T1/2 cell line was used to construct the osteogenic differentiation cell model by the steps
of transfection of recombinant adenovirus with BMP9 and stimulation with different concentrations of TGF-1
protein(0, 5, 10, and 20 ng/mL). Alkaline phosphatase ( ALP) activity was assayed by the modified SEAP
chemoluminescence assay and histochemical staining assay. Alizarin Red S staining was used for matrix mineral-
ization. Real-time PCR and Western blotting were used to detect the mRNA and protein expression of collagen
type I (COL T ), osteopontin (OPN) and osteocalcin (OCN). Viable cell counting with trypan blue staining
was used to detect cell proliferation and flow cytometry to test cell cycle. Results It was found that BMP9
combined with 5 ng/mL TGF-B1 produced higher ALP activity and more matrix mineralization at earlier period
as compared to single BMP9 treatment group. Matrix mineralization had no significant difference after 17 days’s
treatment. Meanwhile, TGF-B1 alone had no difference with control group. BMP9 combined with higher con-

centration TGF-B1 inhibited ALP activity and matrix mineralization in a dose-dependent manner. In real-time
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PCR and Western blot results, BMP9 combined with 5 ng/mL TGF-B1 increased mRNA transcription and
protein expression of COL [ , OPN and OCN. COL [ expression increase was observed earlier and more sig-

nificant. TGF-B1 of 20 ng/mL combined with BMP9 decreased the expression of OPN and OCN but COL T .
TGF-B1 inhibited the proliferation of MSCs during the BMP9-induced osteogenic differentiation and arrested the

cells in G,/G, phase. Conclusion

Suitable concentration of TGF-B1 can promote BMP9-induced osteogenic

differentiation of MSCs. TGF-B1 and BMP9 may have synergistic effect.
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H iAo S B AF 0 S DRy SR
JIGE T 20 L 4 1 A R AR B PR T = T
T P A5 BB AL T A TR B S B AL
B (11 (1 e G R R i 0PN B e 7oA S T E ey s |
FeL Il R 1 A3 A L T AR A Y Y
B EE S, 8] 78 I T 48 M2 ( mesenchymal stem cells,
MSCs) J2& H Al e A7 A SBAE I PR 2 A F 1 20 21 T e
T, CIHI0T1/2 41 f J2 1] 78 5 T 40 My 25 16 1
BE TP R B A IR S Ak R
J2E H (bone morphogenetic proteins, BMPs) J& T %41k
H: K A F ( transforming growth factor-g, TGF-B) HBHKGE
BLGY, ARZ BMP Jp 1R S8 & A OB S ATE &2 b A
AFEEME, BB ALY S E . BMPO 2 I 0F 5% &
B PR R e 72— A S T
JL RSB B A T 5 T B T2 4508 FH ) BMP2 . BMPT
TGF-B1 ZANM FZH 2 rh fe 325 19 TGF-B & 5T, &
HAA M i AR . HAE R 4R Y A= 4
TR F, A BEAEAE B ) BMPO 35 16 A, e RO
XA, AWT5ELL BMPI ¢ 175 5 B R] 5 5+ 40
Mo C3HIOTL/2 g FF 43 ™, 36 4 it i A [ 3¢ JE ()
TGF-B1, 57 B - b7, W% TGF-B1 X BMP9
P RE e 1 B (collagen 1, COL T ) (AEfi
JE ik 5t & L H B &R (osteopontin, OPN) | 45 &
(osteocalcin, OCN) I ki FEIE B A 52 e, LA K 40 i
S A A0 M3 5 0 O BRSPS [R) R B TGF-B1 7
BMP9 75 5 il 3 Ak v iV 3, SR B0 i T 4 i P 5
Vo U R 200 Rl

1 HRSH®

1.1 =244

BMP9 \TGF-B1 40 IR 5 2 A1 GFP 28 3 IR0 7 1 56 = 2
B2 B2 Ol ) R S, A HEK293 | BB 78 %+
Atk C3H10T1/2 A&7 HCT116 40 o bk 210 A 38 FE
BRI 0 (ATCC) , DMEM &5 ks 3258 MEM/EBSS 15 35 5L

4 H 3£ Hyclone /A &), BME 532 3E 658 A= i 2F 1 7% (FBS)
W H 22 [ Gibeo 23 1), RNA 2 HUAF) & | Real time PCR i
% (ANTP RNA B ABEYLS | % B TaKaRa 23 7] , M-MLV
WG SR H Promega 2\ A, B 92 il ( ALP) Y0, [ 5@ i
MIRF G [ BD A F], #5240 S( Alizerin Red S) (44225 C il
b-THHIMBE R 4N IA H Sigma /A F], TGF-B1 Elisa 271 &5 1 H 35 [
RD 4], il OPN BBk 3 COL 1 £ Fi Bt fA M2 OCN
Z iDL H 3£ [E Santa Cruz 24 7], Real time PCR 5|#)H I
A T AR F A, HoA it 1 432 sl ] 7= A B 4l
1.2 F&%
1.2.1  4ApEE3R Rescahirel AN I O SRR AR,
o THEEFRELE 10% fR2- 1M 100 U/mL 22 A1 100 pg/mL
TifRbE R 2 . HEK293 AUk 57 5% Fl DMEM b 572 3% i
T BMPY B 5414 s HCT116 40 ji 355 35 5% JT] MEM/EBSS #5353
B, N F TGF-B1 & [ A5 37 3 1 45 ; C3HI0T1 /2 4l fifa b 57
KA BME Ki3R 58, N F i o b B g 37 . C3HI0T1/2 4
MR FE AR ECA I (Rl G B 50% ) Ja , it i b 31 58 45 S 56
T3 X6 g B () A P AT S 0 B A T o YR 0 A A
JE % B2 AT b B

SR 4r4H : OBMP HuUpl g B ( BMP) 41 : J7] C3H10T1/2 il
IR SGH 4 (9 BMPO g 1, I Y 30% 30% ,8 h Ji5 i fit
BME ¥ 5, @BMP9 + TGF-B1 Bt 45 4 FH4H , 434% TCF-B1 ik
WePEZH (5 ng/mL) Pk BEZH (10 ng/mL) |5 ik 2H (20 ng/ml)
4y 5l 45 >4 BTS \BT10 BT20 £ : (i) C3H10TL/2 41 it fill A 7 5
il 45 1) BMPO i 2 (YL 0% 30% ) ,8 h J5 B 4t BME 35 5%
3N TGF-B1 B (A4S SR BGR LR BE . BTGF-B1 B4k
FHZH (TGF) : [n] C3HI0T1/2 4H i A T 56 i % 1Y) TGF-B1 25 5
SAF SR IGR LR T . @2 BIVIRFFIPEXT IR (GFP) 4 : i)
C3HIOTL/2 JMATRSGHI 4 19 GFP IR 5 , B Y 20% 30% ,8 h
JEE % BME $53%3k . BB RAIHE bR ALP A AL B M 8 4
55 b T FR 52 36 IE 52 TGF-B1 B &b 38 46 % 18] 38 3 1+ 4 e
C3HI0T1/2 Jopl a7 4 5 1) i B i S R007 , S8 43 4R AT LU
AL Bh 3 41 :(OBMP i gb#E4] ;@BMP9 5 TGF-B1 & 4b
Y] ;DGFP 4,
1.2.2 e fHi g% 3 & R % e e BN 25 1 9 40 i
HCT116 Z 1537 ., FF 40 i 05 B 40 i ml A % 3% 80% Ji=, i A
TGF-B1 s, ek R 70% , e 8 h J5 4y BME M55
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FEHE 48 h SR IEW, I TGF-B1 ELISA 32 & AU A
LI SE TN TOF-BL 2R (v B o T A A% 1 15 9 2
TGF-BI H IR BEE/KF-2170 30 ng/mlL, i FH #2705 o H ok 32
1.2.3  BaPEMERREE (alkaline phosphatase, ALP) 154 K 4t 4
W 43 x 10 /LR CIHI0TL/2 40 % 24 FLAR , 3508 i
TR PR TR 255 1.5.9 K, FEIEFRHE, TR 24020
JfL, B H B A ALP )22 iR ), ZIREE 30 min, fk
2EROCEERTIN , ] BCA A A A P S8 & i A TARE . B
%L H 0.1 mg/mL napthol AS-MX phosphate £ 0.6 mg/mL
Fast Blue BB salt {B 4G W #4744 €4, 2 IR #EG 30 min J50BT
WLEE S

1.2.4 ESERUTFSCEG R FR A om Ak BN 50 pe/mL
(4R % C A1 10 mmol/L 1y B-MEMR H it % 3 x 10°/FLH: b
C3HI0T1/2 #ffiF 24 FLAR , ¥ LI it /- AL BHEE IR 40 5,
913,17 K, HATEE RELL S Je o FF LR B B3I LL PBS i
U, T RERE R 22 ddH, O 53k, A 0. 4% P 3R4L S, OLBE T
WS, o7 S AL A4 B HE BT (29 5 min) | 57 5 L1,
ddH, 0% 1F S5z i FE %, e T Mg

1.2.5 S 9et e i PCR A BB AH O 55 Kl mRNA B4 563
ik WA SR C3HI0T1/2 40T T-25 40 f 55 30, 4
MRl& BN 50% f5 , s A AL, 55 5= 255 1.5.9.13 RifFATH:
W, SR Trizol 1 H2 HUAH MO A RNA, 0 52 v BF R4l BE | 4500 5%
SRS UL TIEL 2 pg B RNA 73056 SR 0 . S5O &
PCR A0 BB A G HE P COL T L OPN Fil OCN [ %% 5 3k,
B-actin FERIME RN NZE . FOWAAZ N SYBR Green mix 12.5 pl,
ddH,0 8 }LL\J:T:M?%W%% 1 wL.cDNA 2.5 P«L,;j\: 25 nlL, £
FEAAEY BRSO F L8R Cr 7k (AACH T 2 - 448
X, DA 2T B R R 45 S R ek B BRI kA
MM, BTSSR 1,

%1 COL 1 ,OPN OCN #1 B-actin & qPCR 3|4

IER SI(G—3) TUHI(—3)  REKE(bp)
COL I AGCGAAGAACTCATACAGCCG TGCCCGTCTCCTCATCCA 218
OPN CTTTCACTCCAATCGTCCCTAC CTGCCCTTTCCGTTGTTGTC 238
OCN GGACCATCTTTCTGCTCACTCTG ACCTTATTGCCCTCCTGCTT 124
B-actin - CTGAGAGGGAAATCGTGCGT CCACAGGATTCCATACCCAAGA 208
1.2.6  Western blot Kl i & #H 3 H K () 85 H ik WL

7% C3HIOT1/2 4IjE T T-25 B350, i di b H, F55 5 Ritfs
COLT OPN [ FAAM, 5 9 Kt 4T OCN & [ AR,
A3 S SRS S 00 A B 2E 55 %) R ZEL 2 M, RIPA 4 At 264 fik 0 24
YA, LB R . Bradford YA RE 2R M & 2, SDS-BE N A ke
BECHLYK , FE R 2 PVDE [, S RIS 5 St Ak
4 CHFE I (COL T 0PN OCN Hif& T FEuk E 44 1:500) ,

VERE S M A 135 000 47 4 bt 5 % e bt B 2 50 B Bt 44
(IgG/HRP)37 CHEE 2 h,ECL & {6, Fl Bio-Rad E{& 4 #T 5
SelRAH, F Quantity One {4 4341, LAAH B B 1 2% K 2 {E/
B-actink [y K FE B FRoR AN 2 11 &
1.2.7 32 0 A SORG: 40 i 4009 K 40 A 38 3 25 B iE
YL T E0E A M < RO A K 3] C3H10TL/2 4 Jif il B3 240
B, ZHEUR W AR, LA 1.2 x 10° /00 AT B fh T & A
T25IEFRH, £ MM A SE B R0, 402 BMPY Huph 26 BMP9
IB6& 5 ng/mL TGF-B1 A T4, kb3 E% 57 5 24 48 72 h A
() 250, A3 VAR AL, 75 W i G o T H AR AR, SR IR EE & 3 I
YA Sl M ASORRI : C3H10T1 /2 41 s FLbs 77 X EUE K
97,0 By A0 HE 48 b, TR A6 B 41 i, PBS PR, 70% %
LI 4 Cid . YEBJGIMA F 100 wg/mL RNase [#] PBS
K 500 wL,37 C/K¥ 30 ~60 min, il A& 20 weg/ml #YffAL
TRBE(PL) 1 PBS ¥ 1 mL, #5644 30 min, BD. LSR i =41
HLASCIM 52 2 5638 B (8R4 488 nm) . SR ] MODFIT 2.0 43
BP0 9] DNA & 5307 .
1.3 %tz

B x =5 08, R I SPSS 10. 0 Geit k4, Z A [a thig
RS B HROR 7 22408, P 41 18] B8R R ST RS o
Rrg , & Se s H A3 K

2.1 TGF-B1 % BMP9 # -3 C3HI0T1/2 4m ftL s ‘B 4
-2 ALP & ik # %

R A TGF-B1 ZH %) ALP $2Ma4RA%, 5 GFP %) fRZ4H It .
E2X5(P>0.05), BMPY BgbFHA ALP 3% P38 75,5 ng/mL
TGF-B1 Z A BMPO 411 BMPO #p b 3120 i 4 . 51 22 b
P15 ALP 35k, DRSS 3 KD B 8 5K, 56 5 RFpLER AR
5,5 GFP XfHRZH 22 S AR 4 .35 (P <0.01) , 55 9 K ALP Jf 4
EFEEE(P<0.01), WE2,

ALP Jefanf Il TGF-B1 K (1554 BMPO 4145 BMPO #4h 3
2R AE ARG B v 5 L v W IR . R TR R
TGF-B1 B4 BMPY £ 1], B TGF-B1 1 I H 1 &5, ALP 3§
PERGINSZ 2], 24500555 20 ng/mL, 55 5.9 K ALP i PEAK
F BMP il ab AL, ULE 1,

2.2 TGF-B1 x BMP9 # 3 C3HI0T1/2 4m g s, ‘B e
45 AR R

55591317 KB PR LL S Y R B Hopl TGF-B1 415
GFP JEWI . 225%,5 ng/mL TGF-B1 ZH 164 BMPO 41N 5 Kk
AR LT 545 455 77 Az Tl BMPO B b BT S 13 K
FFURA BAT SOV 5251 . M BIIRES 17 KASERDIR R ] ,

%2 TGF-pl 3t BMPY i 54 C3HI0TL/2 R B 5L 21 ALP RAMBM ( x10°,n =3 x +5)

Fisf 1] GFP 41 TGF 21 BMP 4 BT5 44 BT10 21 BT20 41
ERIPN 3.298 £0.436 3.108 £0.629 23.543 +0.421° 56.589 +0.808* 50.214 £0.200 36.574 0. 182
5K 21.636 +1.378 19.598 +0.739 171.636 +8.713% 418.421 £10.651? 232.236 +19.495° 85.617 +3.445°

E PN 70.035 +3.259 59.595 +2.761

344.626 +8.719¢

995.339 +17.922° 417.238 +24.852° 155.040 £11.014*

a;: P<0.01,5 GFP 41big
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5 ng/mL TGF-B1 B4 BMP9 445 BMP9 FAbBREH ToHH B 22 5
Ffi# TGF-B1 N A, TGF-B1 BE4 BMP9 ZH {2 #F 45 £h 1T
BN 2 FIM ], TGF-B1 4k F) 20 ng/mL, 45 13 K45
ERUTRUON (T BMPO sghsal, LI 2,
2.3 TGF-Bl 4& BMP9 i % C3HIOT1/2 #m it %, & 48
X AR FRKFERE

5 ng/mL TGF-B1 55 BMP9 B4 20 % BMPO B 4b B 28 (1 i,

GFP 41

TGF 4 BMP 44

EDN

513 R 9K 5K

EBVES

2 %5.9.13.17 X TGF-p1 3 BMPY # 5

—_
(=
1

OBMP 4 @BT541 mBT20 41

COL T AHxfeikat
o (8] -II> (=)} o]

OPN X ik it
j=) [\ BN @)} oo 5‘

[] || 1
FIK HESK FIOK FEI3 K

C3H10T1/2 ARSI ARME (#HE4 S x100)

OBMP 4 @ BT5 244 mBT20 4 10r
a

IR BSK HIOR HI1BK

HAHOREE R e s /KA B S = (P < 0.01) , L COL T B 78
A AR W R AR 22 (] 3A) 5 i Th e 8195 B OPN Al
OCN 43 5iAHE% T4 5.9 RIEKIX W EFW S (P <0.01, E3B.C),
FfiZg TGF-B1 b M T HE R, COL 1 %% 5t Rk Rb e g,
OPN ., OCN %% 3425 ] i 5241 (P <0.01) ,10 ng/mL TGF-1 Kk
LA TG E 20 ng/mL TGF-B1 B4 BMPY 28 % ifif 3L T
K, L OCN FREHR] R (P <0.01)

BTS 4 BT10 41 BT20 41
( x200)
BT10 41 BT20 41

OBMP 21 @BT5 # mBT20 4
a

OCN A% ik it
S N B o ®

IR BSK HEIK HLI13K

a: P<0.01, 15 BMP 4114
B3 %159 XME 13 X TGF-p1 33 BMP9 %51 C3HI0T1/2 4R BHXEE COL I (A) OPN(B) 1 OCN(C) # Rk FRI N
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2.4 TGF-Bl 4% BMP9 % % C3HIOT1/2 4a e % B 48
XEORAKE

Western blot #il] COL T OPN 45 5 Rl OCN 45 9 K
M2k, 45 5 B R 5 ng/mL TGF-B1 5 BMP9 4 41 % BMP9
B4 PRZE PHAE R A W] G004 )3k 42. 6% (22. 8%
M153.3% (P <0.01), B TGF-B1 Jif FI v BE R4 in, COL T 3
FrgkLE e, 20 ng/mL TGF-B1 B¢ 4 BMP9 4H# BMPO B jh 37
LU TSR S 154.9% (P <0.01) ,OPN 1 OCN & ik 14 &5 52 5|
W ,20 ng/mL TGF-B1 B4 BMPO £H 4 BMP9 kb ¥ 26 J T
HE R, A B R/ 18.5% F142.8 % (P <0.01) , WK 4,

COLI—> 8

- %H 20,
| i s
(200x10°) —E I
Bractin— M———— == 0 ADjjz_
(3x10) e 80 o=@
1 2 3 4
. 20
[(25-75%107 %&E{j@ 0 3 a
o Z 05
(43x10%) =737 ®
= 20 a
OCN— ik .
(35x10%) iy 10 a
B-actin— g"; 08
3
(43x10°) — = ©

1:BT5 41;2: BMP9 41;3.BT20 41;4:GFP 28;A ~ C: % 3| % COL,

OPN,OCN Western blot ¥ 45 R ( £) feZ @0t R X ToMLER(E)

E 5 TGF-pl 3f BMPY 55 #) C3HIOTL/2 A BHEXER
COL I .OPN #1 OCN ik Hy50m

2.5 TGF-gl xF BMP9 # % C3HIOT1/2 41 it % B &
AP 2 RLIE FE | an 6L JE) B 64 % v

2R it B2 P R B TGF-B1 4b B 23 i C3HI10 20 fifg 384 78
HRIENG , AT HERD AL BRI 3% 24 48 .72 h 5 (03 4 M
BT .5 ng/mlL TGF-B1 B4 BMP9 4% BMPO 40 1 21 4 ffd
OIS g, L 24 48 h I, 72 b5 2 R R Y
(U SA) 5 00 A G 0 Ak 3904 55 48 h s 400 i J) 30 J s TG
a1 BMPY B FRLA 1Y) GO/G HIZH AT o Lb i) b 2 3 i, S
WA G,/ M A0 AT o 9] SRR (P SB) o

14 - OBMPZH BTS2 100 . @BMP 41 OIBTS 41

~ a 90 a

% 12 9 88

Z 10+ ~1§ 7

% s} & 90

= . = 50

6F E 40

2 4t 2 30

= g F 20

I g Fb Er
0 L L L @ 0 |j_—|®

0Oh 24 h 48h 72h Gy/G, S G/M

a; P<0.01,%5 BMP 411k
E 6 TGF-gl xf BMPY 554y C3HI0T1/2 fiEsE(A) 5S4
B (B) &N

3 it

MSC /Eo8 Z T 40 HA A 3-8 F 2 7 74
TR RE , 7S ELAY S IR A5 1F T Al B7 & 20 A A5 b 4
ZUANM, &b BAT R B A AR, RERS 0 I8 45 Fh 41 i

PRI, SCHRE ) of g ) 2 SR AR G BB oAk, e
TARYTE R aE B BN i B A ORIERE . B
227N MSC AT DLy 20 21 i 98 A D R 48 52 1 3
ARk . T MSC b U /D RHRE A & Ak
SRy I AN P AL, O T AR e L RO e S
PR DMEHE MSC 43 2804 568 3T 5 1] 7346 o 1 i
HHLGNHL, LB — B s

BMPs 1]i5 5 MSC &3 ifaft 70 bS5 i
AL A R BSOS, S S R RE ) B L H
Tl & PUME—RE 6% 7 01 175 T i O 20 i PR, A R0
SE A5 MSC 434k S 1 o 7 - 4 40 i 1Y) B SR i
BMP9 &3 JUAE & B0 0% B 5 5 0 0 e o 1Y) L RICR A
HRAE BMP 5% 5 b1, B AT BRI O R R R
BMP9 1) % B A A1 i B 1 40 it 1 58 534k B P-4
VR R R AR AR T RS R B B
AATH R K, BMPs 3 2230 i 28 #L () BMPs-Re-
ceptor-Smad 55 57 SR BAL AT, T RIFH 2 NE
EEY P ERN . BMPs 158 5 B 22 2 1R/ 95 = R
fitg G PERY TGF-B I BUAZ R F T BUZAREE 5, S8 &Y
ZARG 1 RV AARIE A AT 1 B2 (A3 Ak, 161k
B T AYSZARTE 5B Y AE 1 i) R-Smads ( receptor-activa-
ted-Smads) , f3 45 Smadl .Smad5 .Smad8 , fifi 7 %& & i g
b, #ETM5 Smadd JE R WM H BN MMM, 5
Al 2 53 PR Aty B R - SR R T 1 0 e S R TR
(G %, RARONE . LA, A RFSE S 221 BMPs 7] fig
Wit IE Smad &2 40 MAPKs \PI3K Z5{%5H 4k S a2
THE ST X R H M T 5% 5% H - Smad,
PR A BMPs (W9E 2 (5 556 Tk 4, BMPY FART]
AR A BB B AR RORAT SR AT
BRE , AT Sl P s ) B B8 e 0 - e e 2
4 R AT RE 5 BMP9 3X 28 BMPs [Al i #F B i 55
IR B R B A A B A PR 5, TGF-B1 e B4
MR RCE e E o S R th R EEAEN. 5
BMPs ‘A [a], TGF-Bs H A T AL HH 40 Mu 3 5 431k
XA E BB AL AN TCE AR . TGF-B1 LA 73 .55
3 W 75 2R R 20 BT Bl TR R AR B
KA EAR . R4 TGF-Bs Hil BMPs [l )& T TGF-B
FRGE R 5L, B TGF-Bs 1 32 1K XJ Jif R-Smads
Smad2 FI Smad3, TGF-B1 fHe 1 il i B 48 M P Bl A
T IRAC, AT o A L ) S VR R T Bl £
7oA COL T AR St B i 2 1, I e o, (e gk
H B4, PR AT 3G 0 2 2L v A e e
K REGE A A 17 40 A 8, 400 1 20 20 ey 2 T Y
AT, H ] LA Y, TGF-B F BMP 75 B8 Al B
FAEEAME G, TCF-B1 4 J80 B BN A8 B IR 4 T
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BMPs J&H B B 2 A0 A % AR 56 R AT
TR

AR fF 5% 3 F 8] 75 5 T 40 M kR C3H10T1/2 ik 47
BMP9 i 2R YL 2 [0]175 3 i o b, 38 3 A R B 5%
FEPARIG E TR PE R AR TGF-B1 85 1A LI W, ELISA
G I A A% v R bt A R, Sr BMP9 BX A&
TGF-B1 55 MSC B/ fbAEAY 1 e kG 28 L il i
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