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BMPs-ERKS {5518 Bi$= A 7 B IR TR & 2R R

# o AT, @40,k & (401147 T B, F P BERRCF B 1 e 1 e« T 10 s b, 7 Dl v e vl
G sk A AR ST O R A o DT S SR )

[(HWZE] HrY HAEEE L4 E E (bone morphogenetic proteins, BMP)2.7.9 X A J&] i+ 41
il human periodontal ligament stem cells, hPDLSCs ) 85 4+ 5 SAEA , #85+ BMPs-ERKS {5518 I
TERCE AT PERT . ik B e R A SR B AL 1270 B 15 57 I AR hPDLSCs -5 7€ , ) H o 5 2K
{A 4+ S:1y GFP _BMP2 .BMP7 I BMP9 ( Ad-GFP .Ad-BMP2 . Ad-BMP7 _Ad-BMP9) 43 8l skt hPDLSCs , 3 i+
TS0 R 3 A B o 0 A TS 1 M A AN | R T (A ) G B0 8 0 A A8 AR AT R 25 5 TR
00 \qRT-PCR A 240 i B0 AR Ok PR 5 2 1 A B 2 1 mRINA 3635, FE UK B0 BMPO. X6 44 Jifd
BRI A5 R Ad-BMP9 J8&Zt hPDLSCs 24 h J5 , #:1ll BMP9 {1 ] PDLSCs Ji5 %} ERKS B2 ft.
TV B2 AT ERKS {5538 e S PE A 77 BIX02189 fiikh ¥ 5 BMP9-ERKS i % %f hPDLSCs i H 43
ez . 858 QD4 B EFRN hPDLSCs Sy R 4R AT , SEleims R A4, Prisoe B b Ak Bk, Hi A
HEFRIABPE, BA 8] 570 & P s R sl RE 7. @BMP2  BMP7 il BMPO ¥4 {12 it 40 Jifd g B 43 Ak AR
FH L b 3 20 A B W R G o i 5 SR L AR DG BRI 38 55 GFP 4 LR, 22 5 LA G it
H (P <0.05), H BMP9 2 Jj#x5#. 3 Western blot £ il] il 7 BMPO 35 p-ERKS (193835, i # il 71
BIX02189 S5 it Mt 3] p-ERKS f323% ., BIX02189 Fikk BILAH ML J5 J& e Ad-BMPO [4% 5 7%
BMPO Xof 2 i A8 i 1l 1 1 PR SOR AL PHZH ] S AR, G rp BMIPO. 241 F) il 1 ol 2 il 2 0 BT 45 2R 5 10 R o
AR LRI AR X FR ik i 5 BIX02189 4B L, 2R HA Giit#E X (P <0.05), &5 BMP9 HAfy
BORIAE hPDLSCs BLH 7 UAE  ERKS {5544 SR 1276 BMP9 5 5 hPDLSCs Jilii5 704k i 2 rp & 4% 1
E T YR
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Bone morphogenetic proteins-ERKS signaling pathway mediates osteogenic

differentiation of human periodontal ligament stem cells

Jiang Lin"*, Zhou Pengfei’, Wang Jia>, Zhang Yan’ ('Department of Preventive Dentistry, *Key Laboratory of Oral
Biomedical Engineering of Chongqing Higher Education, *Chongging Key Laboratory of Oral Diseases and Biomedical
Sciences, Affiliated Stomatological Hospital of Chongqing Medical University, Chongqing, 401147, China)

[ Abstract | Objective To determine osteogenic differentiation effects of bone morphogenetic proteins
(BMP 2, 7 and 9) on human periodontal ligament stem cells (hPDLSCs) , and determine the effect of BMPs-
extracellular signal-regulated kinase 5 ( ERKS) signaling pathway on osteogenic differentiation. Methods
hPDLSCs were isolated from fresh periapical tissues and cultured by tissue block and enzyme digestion, and
then identified. After hPDLSCs were infected by adenovirus vectors carrying GFP, BMP2, BMP7 and BMP9
respectively ( Ad-GFP, Ad-BMP2, Ad-BMP7 and Ad-BMP9 ), the activity and quantity of alkaline

phosphatase were determined for early osteogenic differentiation, and calcium nodule deposition was studied by
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alizarin red staining for late osteogenic differentiation. And the expression levels of some genes related to
osteogenic differentiation and osteopontin were detected by qRT-PCR. After BMP9 was determined as exerting
strongest effect on osteogenic differentiation, the phosphorylation of ERKS was detected after hPDLSCs were
intervened with Ad-BMP9 and BIX02189 (inhibitor of ERKS5 signaling pathway) for 24 h respectively for the
The isolated and cultured hPDLSCs

were fibroblast-likes, in swirl-like arrangement, positive to vimentin while negative to keratin, and showing

effect of the signaling pathway on osteogenic differentiation. Results

mesenchymal properties and clone forming ability. Adenovirus vectors Ad-BMP2, BMP7 and BMP9 all had
inducing effects on osteogenic differentiation in hPDLSCs, and enhanced the activity of alkaline phosphatase
and the mRNA expression of relative genes than Ad-GFP vector (P <0.05) , what’ s more, adenovirus vector
BMP9 had strongest effects. Western blotting showed that BMP9 up-regulated the phosphorylation of ERKS,
and BIX02189 decreased the phosphorylation of ERKS in a dose-dependent manner. And BIX02189
attenuated BMP9-induced osteogenic differentiation of hPDLSCs. The activity of alkaline phosphatase and
mRNA expression levels of relative genes were significantly lower in the BIX02189 groups than the BMP9
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group (P <0.05). Conclusion

BMP9 has strong the osteogenesis induction effect on hPDLSCs. ERKS

signaling pathway exerts a positive regulatory effect on BMP9-induced osteogenic differentiation.

[ Key words |

bone morphogenetic protein; periodontal ligament stem cells; osteogenic differentiation ;

extracellular signal-regulated kinase 5
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Bt %k A J 98 R AL B TR A S8 AN FA 4H 4R T
FEBORIANKTR JE , 28 A6 97 B H i © NBH 1E A A it
JR BRI A TR SRR AL U B, o R 0 T
AR e A A DR BB SR 0 . A A0
TR A R BT 408 ¢ periodontal ligament stem cells,
PDLSCs > [RLEA i BE R . H R BT RE I 122 ) 3 Ak
TRRE , N A JR Bl A6 52 0 o ] A 2 A o L D
AR TN . BB A & 4 1 (bone morphoge-
netic proteins, BMPs ) J2i75 - T4 i il 15 70 T AE 1 805
A — A1, Hol BMP2.7 .9 J2 H Fir 42 50 ukEAF
BRI AR ML BB gt 45 32 6T, A
W58 &, BMPs m] LA 22 28 )5 1% A6 8 1 08 ( mito-
gen-activated protein kinases, MAPKs) i %, 1M 40 g #h
{5 557 4 5 ( extracellular signal-regulated kinase 5,
ERKS) £l MAPKs ZZ % i) — > 01, 740 731k
A HE BGEF T A5 T BRI, R, BB BMPs
55 ERKS 38 0] AR 5C 26 IR ABIFFE BMPs 5528
SRS AR A A ROV B L 3R BERT A B A Ak

ARSI SR AL SV Ak o B G 7R AR
PDLSCs , ] F] Jii 9 75 284K /v 5 9 BMP2, BMP7 Al
BMP9 1435/ Ye PDLSCs, He#5 ik BMP9 X 41 it
BCE R IR A 3 SR 5 K BMPO 4 i 3= PDLSCs
Ja Xt ERKS 3@ #% ) 3015 15 00 A 4E 5 Pk 0 i 5
BIX02189 i4b 3 j5 BMP9-ERKS i % %F PDLSCs % &

SHEEIRZNE , 0T ERKS 255 BMP9 55 PDLSCs &[]
SR TS

1 #MR57FZ%

1.1 £&MH5EA

Ji5t 955 7 2% 14 . Ad-GFP _ Ad-BMP2 , Ad-BMP7 , Ad-
BMP9 (56 [ 2 fin-5F R J - I 8 S 6 s o 380 ) 1| 5042
HE NIRRT A0 R U8 AR AT R AR R K (]
HJE B0 ~ 15 2 R IE W SR BR R R R S A, &
SR | A5 (Sigma 23 7)) , DMEM/F12 1 5%
(HyClone 23 w]) , i 4= 1L ( Gibeo A W] ) , 44 FK C.
B-WEmR H il (Sigma A H]) , M APk BOE E T
R I (T2 & A R, p-ERKS ik (CST),
0 ) BIX02189 ( Selleck 723 ] ) , Bl P4 i R T 1% 1k 4
DR G e R Il . (B R & (B KA ]
RELLYLH (Solarbio 24 H] ), qRT-PCR A & ( RAR A
F)) , BCA # VR FE DU i 120 & . Western blot AH G5
(BB RH]) .
1.2 F%k
12,1 AFRBETAMEN e e FNRRE
S BRI TR 1) 5 AL ) DMEM/F12 335 rh g
KRS L 2 A5 e 8 G R A LI = AR
RN, S 2 x AT AR B ER K R R b AR T, R
564 K BRAR A M, AR T 7 B R v 173 2 Ja] Jig
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HEURA 1.5 mL B0, A 0. 1% T B i Ji fiff
1 mL, & T 37 C/KE46 30 min, 4 5 min #5375 1 X,
B, EBR EIEWE IMAE A 10% FBS ) DMEM/F12
R 1 mL R 1R, BO G B S R 2 Al —
JZ LY A 20 B 3% R N, 48] # fin A 3 mL. DMEM/F12
SRR, BT WA (37 C,5% CO,) 3 B 1 52 id
W JEFIE B R . fRARC s 4128 5 3 Rkl
1K, HEEANEA KK 80% ~90% Fl& it , JHALALAR
1.2.2 bty % hPDLSCs SRJE B
55 3 RN FR T 24 FLARNE /- &, R 4 Ml B 5 3k
80% /i A7 B PR BE R Wi, 1 x PBS ¥ ¥k 3 WK, Ik
5 min,4% 2B FE[E 2 30 min, 1 x PBS &% 3 &k, &F
YK 5 min,0. 1% Triton-100 §% 7 15 min, 1 x PBS ¥k
3K, AR S min, 1% BSA 4] 30 min, Jii N4t e &
H—Piskhi B P E 4 Cl i ; PBS iH LG,
AR ZHT,37 CHEF 1 h,DIPA J44% 5 min, [ KK
Lk PUEE IR B R, SO R A B AR TSR
1.2.3  ZiEseRIE iacs: R 3 1R b, i
FT 2 AR, B 400 DHAEZE 6 cm 4 1% 3% 0L
P BT IR R IR, AR A K AF L, LA 50 44
M 1 ASTEREE A, 10 ~ 14 d BUH REFR 1L, 4% %
T FE [ 7 30 min, VL5 45 M 2546 30 min, PBS &
1B Yo, T8 B e ISR R

1.2.4 ik 0 IR 1 e (1 AR 4 R4 e, i g
30% B REHERDT 24 LA, % GFP _BMP2 .BMP7 .BMP9
4 4o 1 40 0 WG RE IS 43 0 i S 9 Ad-GFP | Ad-
BMP2 . Ad-BMP7 . Ad-BMP9 , % ¢/ R 25k 50% ,8 h
JEHR SR S d 507 d BPZ gk, PBS ik, 4% £
3% L[] 52 30 min, PBS #hdk, 4 FLIIA 250 L BCIP/
NBT Jeft TAER , E iR EEE & 30 min, W5 YL,
HI ddH, 0 P8 2 211 6 50, 31 B I Al A% 40
W S 5 RN, He BERH ) i 4 Al A e, 15828
GFP .BMP9 .BMP9 +2.5 pmol/L BIX02189 FI BMP9 +
10 wmol/L BIX02189 5 #H, i 4 i Wi BE ) , 44 3 20 4
FIIMAGEE 1 Ad-BMP9 F1 Ad-GFP,8 h J5# i, A
2.5 pmol/L il 10 pmol/L BIX02189,7 d J§ , ] I Jrik
HEAT BB R IR e (0. 5250

1.2.5  BEPEBERRRG IS PRI AR TR S 41 ]
WAL BR W UL (5. Ad-GFP . Ad-BMP2 . Ad-BMP7 . Ad-
BMPO J&YL4iiff1 3.5 d 5% 7 d W2k, AEFLINA 200 pL
0.2% Triton X-100 2 41, S AEY) 2 1.5 mL
EP % B0 12 000 r/min 5 min, B35 CE - 80 C
BAT 5 A I B) B AR I S 8, AR O ol T A
DGR & UL R 7 A . 57 3 MR AL, R s
P v T 288 B A FETERE () 315075 R A A 0 el e ol it 0% 12

i R S AR, ¥ BN R e 4 i, - m A GE
i Ad-BMP9 1 Ad-GFP 8 h J540 , A 2.5 pumol/L
F1 10 wmol/L BIX02189,7 d i, [A_I- 5 Wit 4 7 0 1
R T PR A

1.2.6 PHRLAPETLE  FIARD B 5 A R i E
WRBR TG U {0, 28 6 BRI R 220 30% 1Y Ad-GFP | Ad-
BMP2 Ad-BMP7 ,Ad-BMP9 JE& L 20 fits 8 h J5 ¥ (&
10 mmol/L B-BHR H I FI 50 mg/L 4L 2 C) | 4L
F:21 d J5,PBS Wik ,4% £ % L 42 30 min, PBS ft
Ve, BALINA 200 WL 0.2% PR QL RBFF 1 b,
WeFE G, F ddH, O PE¥H 2 IR 1R B R, 3 12
BRI IR . IR 5 AR AN, e BEAH 7] D7 32 3 Fh 20
M, FFIMAGE 59 Ad-BMP9 il Ad-GFP,8 h J5#ii, Jin
A 2.5 pmol/L 1 10 pumol/L BIX02189,21 d J5, [ I
Tk T R A Y S

1.2.7 qRT-PCR kgilll — HUR 4 AL IR 30% %5
JEHRNT 6 em AR SR, % GFP BMP2 BMP7 |
BMP9 4 41, i 24 0 BE , 23 50 A = 1Y) Ad-GFP
Ad-BMP2 Ad-BMP7 . Ad-BMP9 , %% 3% J& Yt % 50% £
4,8 h 54, LGSR T d, PBS ik, 42 A Al R
RNA |, {2 R A RS I ASC 7 e A vk BE Al i, 4%
M qRT-PCR 271 & U U1 454 mRNA %% 5% h ¢DNA,
Bio-rad CFX SZI 2 1 PCR ARSI B B AH OG5
OCN ,OPN mRNA )51k ,40 PG, LL B-actin B K
YEHNZ IR, FI ] Bio-Rad CFX Manager #4473 A5 H
FERAAXFIE o HUEE 5 AU, 4% BRAR [F] 5 ik 42
A1, ¥ 25 (1. GFP, BMP9, BMP9 + 2. 5 pmol/L
BIX02189 1 BMP9 + 10 wmol/L BIX02189 5 4H, 741
JHLOWG BE &5 , 42 43 41 43 B A& 5 19 Ad-BMP9 1 Ad-
GFP,8 h Ja# ik, i A 2.5 pmol/L FI 10 wmol/L
BIX02189,7 d J5, [A] b J5 ¥ #E 47 BB 43 40 AH OC 3k ]
OCN ,OPN ,0SX .RUNX2 mRNA {0, F7 F 814 ¢
I 1,

x1 EERF7
B SIS (5" —3")

OCN 1E ] : GAGTTGGCTGACCACATCG 122
JZIa] : AAAGAAGGGTGCCTGGAGAG

OPN 1E 7] : GCCGTGGGAAGGACAGTTAT ”
JZ 7] : GCTCATTGCTCTCATCATTGG

05X 1E A : GAGGTTCACTCGTTCGGATG 120
' I : TGGTGTTTGCTCAGGTGGT

1E 7] : GACGAGGCAAGAGTTTCACC
RUNX2 106
JZ 1] : GGTTCCCGAGGTCCATCTAC

) 1E ] : CCTGGCACCCAGCACAAT 200
-actin
b 2 ] : GGGCCGGACTCGTCATAC

7N (bp)
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1.2.8 Western blot #; a4 g &
10 cm I35 3R ML, BB N 60% , 1% GFP,BMP9
BMP9 + DMSO .BMP9 +2.5 pmol/L BIX02189 . BMP9 +
5 wmol/L BIX02189 F1 BMP9 + 10 pmol/L BIX02189
6 41, FRANMINGRE G , A — 2 Ve BE (1 30 i 751 BIX02189
(2.5.5.10 wmol/L) WAL FE 1 h, J5 43 5 in A& & 1)
Ad-GFP g, BMP9 4kZ5 % 5% 24 h, 3EHUN % (4 )5, BCA
A VR I A IR A A TR BRI A o K TR R RR A
EATHLIK, R, B, A p-ERKS —$7(1: 1 000 ) 5%
B-actin —F{ (1:5 000) ,4 CIAMH , MA HRP F7ic
=1 (1:5 000) ,ECL fb2= K ikt T i e,
1.3 it s ot

K SPSS 21. 0 GE it x 1Tt GOk AT B 2
J5 225001

2 HR

2.1 RARAT AT tafe ey /R B %R
RSB A1 00 B N2 JH I 40,5 ~ 7 d
RV S 1 R 24 i A ZH R e S LI o 4 i o S 21
AR , 2 R U iR A i b
PEDIEUO S E R PLIIY BRI, PimER &R
b2 VEN G A 2t 0 o S e S KV T oW o) TS | ol 5%

R, sebEIE BLRE R IR - dE A AR K 2 TS AR
T RIAT UL v R T B, o I 0 A L B AR K, £ 2 IR
B, 4 i se ge o ml Dl v P i (e AT (1 1)

2.2 BMPs 423 hPDLSCs &8 fL 3B 244

ALP Je & FIE A I 25 R w55 5 R 7 K
), 5 GFP 4H b4, BMP2 BMP7 F1 BMP9 4H [ ALP 3%
IR B R, Z R A% ¥E L (P <0.05), H
BMP9 2[5 F BMP2 1 BMP7 41, 2% S5 G it 2 X
(P<0.05), A I, BMP9 F. M il B ALP 3R 35 i o,
BMP2 (R, Yeta i ph gt R —2 ([ 2A B) .

qRT-PCR kgl 25 R 7R : 5 GFP 4] Ho#¢, BMP2 |
BMP7 71 BMP9 21 1) 2 i i 43 A AH 2C HE K] OCN Fa
OPN mRNA 3Rk BT, 2R A (P <
0.05), H BMP9 Z B i % T BMP2 Fll BMP7 4, 2% 53
At E X (P<0.05,2C)

R YA R 5 GFP 4 b4, BMP2 . BMP7 Al
BMPO 41 5% 5 45 15 LA W] b 3 2, o BMPO [
WS 1 175 SR SR (& 2D)

SRR N DR o= s A k= v N L = s o A e
BRI 4 A AH 6 56 PR A6, 8 B BMP9 fi it
hPDLSCs J 3 AL 5 F BMP2 Fil BMPT | J5 224 LA
BMP9 1158 BMPs-ERKS 3 % A 52 B X 42

AATRABALZIERE S5 R(x40);B: F 2 RAT AR @M ( x40);C.xBEGREME(x100);D: A EG
FARAME( x100) ;E: 5 M £ 0 B m it k4t ( x40) ;F 25 B8 6 7 8w il 21T R ( x40)
E1 BERANFEETERNEEREE
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GFP 41 BMP7 41 BMP2 41 BMP9 41

60000~ wGrp 4l 6r mGrp 4l :
~ BMP7 41 BMP7THL ¢
£ U] 5t BBMP2 %ﬁ

3 O BMPO 41 I BNPS 2L

£ 40000 < 4
¥ K
s 30000 = 3
2 =
48

gﬁ 20 000 - z2
% £

& 10000 1

OPN ©

BMP9 41

AR T IR 5 A IR AT B B BB (ALP) M 3 & ( x40) ;B s BRBR B 7 M € & 5475 C. qRT-PCR A&l A F 2
ftA8 % 2 B OCN #= OPN mRNA 89 &4 ;D & £ 4 &40 R B WM 5L 35445 LI AR( x40)  a:P<0.05,5
GFP 213645 ;b P <0.05, 5 BMP7 203645 ;¢ P <0.05,5 BMP2 20 pt4%

E 2 BMPs {Zi# hPDLSCs 4R S 514

2.3 ERKS 5@ % %5 BMP9 i F AT A T
R A 1 2 3 4 5 6
Ad-GFP 8§ Ad-BMP9 %4t hPDLSCs, & ERK5 4 p-ERK5(115x10°)— : .

SRR 7] BIX02189 i ik H hPDLSCs, Western blot -
GFP Z B 14k H p-ERKS 7F BIX02189 kb3 1) 3%

ﬁ%%iﬂfq%ﬂ%ﬂﬁﬁgiﬂﬂﬂﬁﬁf&j VL] BMPO ﬁ‘”&{ﬁ 2.5 umol/L BIX02189 #1; 5: BMP9 + 5 pumol/L
ERKS 1ﬁ?@%’ BIX02189 E‘[ﬁﬁimﬂﬂl ERKS :@%H’J BIX02189 48 ;6:BMP9 + 10 pmol/L BIX02189 41

IR AL B VR L A R e ot (& 3) 3 Western blot #Jl|5 A48 p-ERKS % 5 H%5

1:GFP 482 :BMP9 283 .BMP9 + DMSO 48 ;4. BMP9 +
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TR MERERR B (O e PERITE M A R B R 2B T R
i} BMP9 +10 pmol/L BIX02189 411 BMP9 +2.5 wmol/L
BIX02189 41 ALP k%5 BMPO 2 Bl i FAAIG , HL 52 7
WA (B 4A B) .

qRT-PCR #5 I 45 5 i 7R : BMP9 + 10 pmol/L
BIX02189 £ 1 BMP9 +2.5 wmol/L BIX02189 41 i &
A EFEP] OCN  OPN ,0SX . RUNX2 mRNA ik 7K
Ak BMPY 21 B i B, LS ) ARk ( 181 4C)

PEELIYAZER TR 45 21 KIS BMPO +10 pumol/L
BIX02189 411 BMP9 +2.5 pmol/L BIX02189 4] 4%
EREE DA BMPO 21 B I g b, HL 500 S M 1
(E4D),

308 3 6T 4 L L 0 R S AR AR R S o AR G
BEPR ARSI, 156 W 40 ) ERKS {5 % 3 % 7T R AIX BMP9
755 hPDLSCs 40 i (1) 58 o ferEH

GFP 41

1
or
%

BMP9 41

3 g

HAT, AT E S i 5 A e T b
AT LR IS 2 J 551 4 i PR BRI
FITHE A2 AN MRE BB 1R 22 10 i e A T
TEICRE T, T B Ry 28 J A 4R A4 e R e B 1
T4

TE 2L B DT, BB 28 K AR 8 (BMPs)
J2 H I A B A ME— R PR S8R SR B A A —
PRI T, B¥EE 20 R AL, B BMPL Sh2 &
FheAk A K A F (transforming growth factor-g, TGF-B)
BRI o Horp N4 E 5K A5 H 2 (recombi-
nant human bone morphogenetic protein 2, thBMP2 ) 0
thBMP7 2 8 35 [E FDA HbuE FH Il RS A & R A
Prifg7 ™ o WA X BMPs & IR ABTSE, 23 BMPY

BMP9+2.5 pmol/L BIX02189 41  BMP9+10 pmol/L BIX02189 1

40000
"= 35000

E

= 30000 |

£

Z 25000}

fesal

$2 20 000

& 15000

)

= 10000
5000

1

3
415

GFP 41

AR ER B e & M5 AT ( x40) 5B B BREL B & T F T
2.5 pmol/L BIX02189 £1;5:BMP9 + 10 pwmol/L BIX02189 41 ;C:qRT-PCR #il & 4-1t.48 % % B OCN OPN,0SX

F= Runx2 mRNA 89 &% ;D 3 % 40 3 & 4 MR R B - AL 38 4745 T T AR 0L (1 % 40)

16 - B ZSH4] SGFP 4] BBMPY 4]
a B BMP9+2.5 pmol/L. BIX02189 41

O BMP9+10 wmol/L BIX02189 £H
a

14+

i 12
i;é 10

mRNA FI%}

(= e

OCN OPN 0SX Runx2

BMP9+2.5 pmol/L BIX02189 1 BMP9+10 pmol/L BIX02189

R

1"§é’éﬂ;2'GFP éﬂ;3'BMP9 éﬂ;4'BMP9 +

a;P<0.05,5'§é12}lﬁ\7

GFP £83b%;b:P <0.05,5 BMP9 2Htb4k;c:P <0.05,5 BMP9 +2.5 wmol/L BIX02189 4a b4k
4 BMP9-ERKS i# f%iF#= hPDLSCs 4R & 53 1¢
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55 B R) 78 5T T 20 M R o AR AR T 38 T BMP2 A
BMP7'%' . AHFSY H % BMP2 . BMP7 i1 BMP9 % 7 Ji]
T 20 i BB 5 SR, 45 1 /s Ad-BMP9 4 i B
RT3 B2 HE Ad-BMP2 il Ad-BMP7 2045 B I 3%
5, TESE BMPO 755 28 JR B 4 A i o3k i A FH o
98, & W AR B A T T A 6 R A I A9 2 R
FHHT S, P, J5 225255 % 1] BMPO 45 BF 58 BMPs-
ERKS {553 % 1 & KR

22 ML) BMPs {5 53 %2 i 3 Smad 3428 i 5 58
LRI SRR AR AR & LR e I 5 HoAth 3d #% 1
FR I R 2 0 5 | S IF 5% 8 1 G, 40 MAPKs  Wnt |
Notch . Growth hormone ( GH) i %7’ 2%, MAPKs {3 &
IRAR IR AT 5 DA A 2% T B A% N A 2L e 5, A
& P38MAPK. ERK1/2/5, JNK 2%/ ERK5 £ W
MAPKs FETG I — BT8R, A 22/ 95 2 R 8 U , B
BERR LTG5 MR S5 B MAZ , S5 s IR MEF 4%
A B A SR T nT IR A A K e PR T
M AE AR D RE . e 4 B A T, A ISR
$& iy MERK1/ERK1 1] g % 8 A= mi e % 1F ) 9/ 95 7E
AT MERK2/ERK2 52 2 47 11 8 5 72 F1 Y, ERKS
FRCHS T BEA B TR AT IR AR I i 2046 . {2 BMP9
55 ERKS {5538 #% [0] (1) 1 11 G 3 %0 2 J] RS 1 48 L v
ARSI NG R . AR S R R BMPY 5
hPDLSCs Zfifi 24 h J5 A 51 p-ERKS Kk W] @ 15,
iBl BMP9 7£ hPDLSCs HrA[ fig #F ERKS #BEFER 1k, )\
IS ERKS {553 2% k858 T iF R E . 2R
ERKS5 {45 5 BEL T 7] BIX02189 T Wi, % Bl ERK5
PR TR A 7 T JS 51 S AR 1 R A, R s, BMIPO 35
hPDLSCs Ji & 43 At 1Y H 100 0 6 09 ok s 3 340 Bl o
BIX02189 ()57 it 38 fin iy vk A1 o

AR AT T BIX02189 -1i T, BMP9 X
hPDLSCs 8 43 AL F 52 1 . Runx2 Ji& 5 5L
F5 1 Runt [R50 B0EAH 8 S A, Al 5 0B 5 5
KAEHTCIRSES &, W75 OCN OPN BSP Al 1 Y Jii Ji 5
SRR B B v 51 I i et N O DA e O <]
WAEERIFES 45 E ™ o OSX 30T 45 J B I8 B 4 i
AN BTE G B vh T O 75 1) 0 — A~ B B ) e SR IR 7,
A7 F Runx2 B9 T Ui, 76 B 40 it 28 A 43 A R tond A o
RIETEEAE . OPN J—FhR i (1, 5 iR i
FRBEUIAOC , AL B 501k, 2 i HLUE B bR
o OCN 2R i 2B 25 11, 55 420 i
AR AR R B R, BMPY 35 fE B B 1 8
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