Special Topic: Stem Cells Bl ikl

Research Paper Rk

N Lok semmmin
. . Progress in Biochemistry and Biophysics
)4 2011, 38(11): 1001~1010

www.pibb.ac.cn

BASAEER 98 p38 HEGIR1ZIHIZ(E
FERFLHBE C3H10T12 LBk

ﬂ 1, 2) kS ,H’i%l) 31&% 1 5(']'%9% 1 kS éll) %@R{;’\%l) 7%{ I’Fl, 3) *x
(O F R ERNR 2GR A I 2 W 2 20 B U SE 6 %, TR 400016; 2 FPREE RIS 4 TAREL, FEK 400016
Y ERERERF R AL, TR 400016)

WE AT R IE TS & 428 1 9(bone morphogenetic protein 9, BMP9)HL A5 45 5 (1155 5 18] 78 5T 40 il 5l B 2 L 1 i

hy k25 4 7= % 5 R 2 [R) A8 BT A0 B S A R, R BMPO 20 it i 4 (8] 78 5T T 40 il C3H10T1/2, 3 i f44h
1 B SRR N B SESs, W10 T BMPY J& 75 AT Il i p38 Il AL R ) A8 T 40 M jii 34k &5 5% 8, BMP9 T LLUI#
It p38 W BERR AL 0 3 B 4k, p38 #HHF SB203580 R i BMP9 15 5:1f) C3H10T1/2 40 Jifd ff) ik I % 72 ¥ (alkaline
phosphatase, ALP)¥& 4% ‘B #r £ [ (osteopontin, OPN)Z 1A RS £ AR, i B I H #0571 SB203580 #14l| p38 Il v 14 5 »
BMP9 5 5 () Smad 28 il 3% 4% (1K) S5 0 AH B 32 230 4R), RNA T35 5 80 p38 HE AP0 2K 7 #F th vl 401 BMP9 % S () ALP %
PE. OPN Kik. A ERUIHLL AR B N AL . Rk, BMP9 wf 3l it i% 4k p38 kiris 12 U8 2 8] 78 Bt T 40 g C3H10T1/2 B

"o,

KR HRAKRAEEN9, p38, [MFEHTAM, ., 2R

ZR9ES  Q257, R34l

] 78 51141 id (mesenchymal stem cells, MSCs)
R THIRER KL T4, HAEAKrEHE
RE TR 22 [ 0 AV e, A00E B AR N BAAR SRS
ANAT Ak e 4, b BAT A LA i K
A RS A A 2 Rl A R ey R
YEA R0, 4] B Ed2
R AR AR 2 R ZRAR B, DRI A8 PR A B2 22 9
o BN AR, H R AR S
A8 T 18] 78 J5 T 40 A D b~ 40 L1 i A2
R HAT 22 0] 734 R D TR) 78 5T 41 € 1) iy

22 P i DAL R AR 4 T e T4 B iy oA, 3
W, 5 B A Kk 42 M (bone morphogenetic proteins,
BMPs) & i 53 fi i F 5 47 ¥ ) 1 B 1. BMPs 2
J& T % 4k A4E K X 7 B (transform growth factor-B,
TGF-B) R IEMI L, HErdE B MEE T 20 &
Fft BMPs, Mo 4 38 19 H AT 5 S cE i
BMPs %5 BMP2, 4, 6, 74569,

DOI: 10.3724/SP.J.1206.2011.00200

BMPI(tE#% GDF-2, growth differentiation factor 2)
s& BMPs "R — B, KR AR TR
BMP9 CUiE S BAG 75 S A GE R IG o 22 T 28 R
oA VR T  2E BERT T TR AR R A P R 1)
AT Z M EZE R ALk, KT
BMP9 78 T A i TR AR AR, A Z 50
TR, CRIAHICHEI LAEUED]: BMP9 t B AT4L
SRR 3 ) 70 ST i M e o A A E L, O HHAE
R 58T BMPs SRR AL 08 1574, fHE, 56
T BMP9 55 5] 78 51 40 i w440 10 23 B
H AT T iR,

22 Z4 ) 35 A 1 B0 (mitogen activated protein

* [H 5% 1 ARRHE R4 (30800658, 31071304)H1 LT BH2E H R F) 27
JE4:(2009BB5060) % B35 H .

= JEIHEER AL

Tel: 023-68485555, E-mail: Yj6848@yahoo.com.cn

Wk H . 2011-05-12, #:3Z2 HH1: 2011-07-12



+ 1002 - SMFEEMYIRER

Prog. Biochem. Biophys. 2011; 38 (11)

kinase, MAPK) T34 4 NP 5 ik b1 B ERK1/2.
ERKS. p38 Al INKU, & ATTAE W #5410 i 1 28 K
AR T RAEEEAE. R HR,
BMP2 % 1% 1 ¥ BMPs ¥ 1] LL3E 4k MAPK % 1%
MR AT 3 T 2 TN, Tk BMPs X
WG — b1, BMP9 {55 5 0] 78 5 T 40 Hl i 74k
R, &S A W BMP2 S — R T g b
MAPK 1 R HFEEH, B e AR WA SR IE .
DRI, ASBIFTU R S A A AE B 78 40 . C3H10T1/2
W1, MAPK W55 R 1 p38 Pl il 4 BMP9 71k s
PRI p38 W As S 1t 1 771 SB203580 #lI i) p38
WO T B & RNA T4 R0 p38 Wl % ik
Ji, WEIXT BMPY i 3 1) C3HI10T1/2 41 Ji Bl 1
SIS, #2240 B BMP9 3 1 3 4k p38 14 Mg
b TRV KA 21t w1 010 R R A AR (Y S DS S
NN

1 MR57E

1.1 ##y

/N BT 78 T4 BBk C3HI0T1/2 1 H 55 [ it
RIBFP R L (ATCC); BMPY i 8 Ad-BMP9.
TR EE Ad-GFP ¥t H PR R 22 I R A 5612
W72 20 S T RS A ERIOR AT PR
JFURL p12SBE-luc. p38 T4 IR 9 # (AdR-si-p38) Al
X} 99 BE(AR-si-NC) FH 2 JIRF R 4% & 2 v fi]
)1 4% W p38 i 71 SB203580 ) [ Santa
Cruz /A7), % fiit-T- DMSO, il sk B 4 20 mmol/L
FIREATI, —20°C {RAT .

OPN — $i 1§ H Santa Cruz /A 7 (sc-21742);
Phosphor-p38 (p-p38) — #t 4 H Cell Signaling 2 w
(#4511); &t p38 —$i ¥ H Cell Signaling 2 w]
(#9212); Phosphor-Smad1/5/8 (p-Smad1/5/8) — $T 4
A Cell Signaling 2> & (#9511); & Smad1/5/8 —$i
4 1 Santa Cruz A ] (sc-6031-R); B-actin —HLI H
Santa Cruz 2 w(sc-47778).

SEEG T RNA $2 R 7 Trizol L 44 7
Lipofectamin2000™ J#4 5 Invitrogen /A ]; M-MLV i
SRl 9SG ERFR IR A& H Promega A ]
Real Time PCR {5 &% [ Takara/A#]; PCR 5|4
F Takara 2\ w4 ALP Ze il 57 & M o A
A H BD A s #2320 S(Alizerin Red S).
Y35 C R B- BEIR H 3% 1 Sigma A ] =y Bl
DMEM #5575 . A5G 25 L3 8 1 Hyclone 2w
LAY Ay 1E 11 73 e B = i 4.

S E A% FH 6~ 8 JEIRE 11 i o Ik Pk s 93 Bl o
BALB/c # i, W KERKF LK 03
fit, WEFETIEROE R 2 N, PR
JEAERELE 25°C, WL N 60%~70%, kLAl
KA G H R,

1.2 A&

1.2 ALP Zta g AT, #0 C3HI10T1/2 &
24 FLA0 MO TR, B EN 30%, A 4N M U BE S
F SB203580 T4k ¥ 4 h, =N A& & si-p38 (=L
si-NC)JUi 23 J8 4% 24 h. B 5 FF N\ IE & BMP9 it
TR, AREEEE IR S AH NI ] S AT ALP Y RE
8 (B AR ORI S BT, LhAH o A
ALP 5 ARG

122 G, 7 24 FLH 4% 30% %5 i £
C3H10T1/2 40, frdm ik, H SB203580 il
AEFE 4 h, BRINNGE B si-p38 (K si-NC) R 5 I e
24 h. BEJG 0N IE B BMPO IR &5, dkgkiggE
12 KRG, RASEEINAE - BV - BRI S0y
5(SP VE)BEAT S e A A G (A U 1 M B T IR A
DTSR,

1.2.3  Western blot. C3HI0T1/2 4 ffg422F# T 100 mm
S MIRE IR, LA FACBE R AL B S, 0S4
7 RIPA RfFANML, B0 3RA3 N R f# . BCA 2
e MR E . RARWFE 4 SDS-PAGE. %%
B 5% A4l A B A — P E . BERE.
HRP Fric ) —Hiig & S5 fE ), AR L
O, RGIRAT.

1.2.4 BERPORISER:. BeRP C3H10 T1/2 4ifu % 24
FLAN MR FRMR, BE N 30%, RGBS,
NZWRAE N 50 mg/L 4E4E % C AT 10 mmol/L 1) 8-
WEFR H 9. FJ SB203580 FiiALEE 4 h, A& &=
si-p38(ak si-NC)MR BE ke 24 h. Bl 5 P I NI &
BMP9 I 88, 4kEEhi% 21 RIGHHMTHEZR A S 4t
. AT 2 4l B % IR AL WAk, FHJCTE PBS
PRV 3K, 0.1%8 —BE[ % 10 min, RUZEKPEH 3
W FERAFKIK, AN 0.4% 5 FE 4 S, 76 Bibs
IUEE, FRHILLL BRI, 2L N B
WAL N RIPE S, A WL R A%

1.2.5 RO HEBER S FE S . # R C3H10T1/2
LA T-25 4 MR RT IR MR AR 25 cm?), %% K4
30%, o740 ML RE J5 L 3 C I . G BB
DMEM ¥ 7% &, B J5 M IR it /& 2000 & 4
pI12SBE-luc i ki 1 wl, #% 4 )5 4 h # 4 5€ 4
DMEM #5373k, k485 9% 24 h, PR 4l 2
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24 FLAN MG IR, FRranBIRE S, F SB203580 il
AbEE 4 h, B S PR IDNGE B BMP9 B EE, kLSRG
7% 8 h F1 24 h J5 43 AT 25 't 22 B 1 W o (i
F & P EAT).

1.2.6 Real-time PCR 5K, C3HIOT1/2 4 U $& 5
T T-25 AN MuEE TR, WA 60%, i FLIG BE )
S MBI NI B si-p38(EX si-NC) s £ ik 4L 24 h,
FMAIE &= BMP9 W 5, 75 BMP9 JIR i 5

J5i 24 h FEECAN L RNA, Z35 5% W |4 cDNA,
Real-time PCR £l Smad6 A1 Smad7 1%L, FH
GAPDH JEHE NS, H (13 R R R AR b
#E 215t mRNA (173 7# )1, H GAPDH [1]#%
DUEUVE AL IE RS, BT H 35K mRNA AR IA
B = H AP D% / GAPDH #£ 1%, Frils|9
JFPHINER 1.

Table 1 The sequence of primers for Real time PCR

Gene Forward primer Reversed primer
Smad6 ATCACCTCCTGCCCCTGT CTGGGGTGGTGTCTCTGG
Smad7 AAGATCGGCTGTGGCATC CCAACAGCGTCCTGGAGT

GAPDH GGCTGCCCAGAACATCAT CGGACACATTGGGGGTAG

1.2.7 YL AL E 3. C3HI0T1/2 4
MR 2 100 mm 40 JERE IR0, 15 9% 48 40 0 2%
60% /A7, JNIE B AdR-si-p38( AdR-si-NC) i
B 24 h, TIINNIE = BMP9 it i, 4k 4k
F59% 24 h, MRS LA MR SR I P A, H 2 ml
0.25% & A M YE 4L 2 min, 8 ml & 10% I 75 1Y
DMEM HVRL, W WRFT A B0 LB, 500 g 75
£ 2min, FFE B, A 50 wl & 100 U/ml 5 55
A1 100 mg/L 45 % [ PBS A M yiiE. &N
BALB/c # iUFH 1 ml 735 #5480 50 wl 4H 8 T
TS, B AMEERR R T RCR AERR N, Al ffE
Fivs FJE, Wb seeR i, HU% MRS /NI
%, FRER AR e S, SmiAS, Al el
Y, H&E 44, Masson Tricrome 4L i1 Alcian
Blue ZL (SN IR i 0L, UG IR AF
1.2.8 Ziitortr. HalHB B bR HE (e £ )RR,
o1 1] LA R FH B IR 25 5 2200 M, PRI ER R ¢
RS, et BdE I SASS.2 A b HE.

2 ZERESMH

2.1 BMP9Y {&i# B TR F4AA C3H10T1/2 B & 5
L FEEL p38 s

5%, BMP9 B 24 C3HI0T1/2 4iJifd 48 h
Ji, P4 RNA, W% %5 % cDNA, PCR 4~
¥, LY Sk BMPY 1 S ke w514,
N 51 3% IR 75 L SV40 polyA [ HE S 1 5

Yy, VAHEBR WU TESZ AR T4, 45 R I BMP9
JI5955 B AT £E C3HI10T1/2 40 i v A 2k &k, Mim
L350 bp Ao Iy 4 v B (B 1a). 3K B BMP9
JIR993 75 AT LAYE C3H10T1/2 40 i A7 %52 38 A ik
BMP9.

7E BMPO JR B S5 5 Ky T KA 9 K5435
Yot Mg AT ALP 35V, 7RG 21 RJGPE 540 S
PR IAS ER TR, 45 5%, BMP9 Hf LI B4R
R RCE FEAR ALP B TESE NP < 0.01, K& 1b),
JLAESS 7 R ALP 35 P fe ik, 17500 BEALAR UL,
BMP9 Hll# 5 40 B N 40 (s Eh a5 i %2, 5 Eh e
R IR (K 1c). LA &5 B3R IH BMPY ] LU
HER) 78 T4 i C3HI0T1/2 ey 704k, S 2/ 1
FHOCHIT ST 25 R AH —F3 19,

FE )5, K Western blot £ 3l T #% 3% K 1
Smad1/5/8 LA K p38 P 1) fo A 7K P AR R 4k 7K
o, SRR, BMP9 MR HE RS 41 M 24 h )5,
B 36 R 7 Smad1/5/8 (1) B IR AL K V- 34, R
BMP9 ] LLiE At Smad1/5/8, MM #4i% 45 #t Smad
BAL, XEHMOCwIE M. HREENE:
BMP9 HARAN AL p38 [t /K, (HETR] LU
p38 MBI ALK T (K 1d), k7R : BMP9
AT LA BE R 78 T4 B C3HI0T1/2 i ok, %
B IE BT p38 PR TG4, % BMPY i AT
AEM LTI p38 PR IR 42115 AR C3HIO0T1/2
S B Ak
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Fig. 1 BMP9 activated p38 kinase through osteogenic differentiation of C3H10T1/2 cells
(a) Exogenous expression of BMP9 mediated by adenovirus in C3H10T1/2. +: PCR products from +RT reactions of the original cDNA synthesis; —:
PCR products from -RT reactions of the original cDNA synthesis; M: DNA marker. (b) C3H10T1/2 cells were infected with Ad-BMP9 or Ad-GFP
virus. At 5, 7 and 9 days after infection, cells were collected and subjected to ALP staining and quantitation assay, BMP9 was shown to induce ALP
activity of C3H10T1/2. Data are the (x + s) of triplicates experiments. **P < 0.01 vs GFP and Blank. [1: Blank; [ : GFP; l : BMP9. (c) BMP9
promoted calcium deposition of C3H10T1/2 at day 21, x100. (d) BMP9 increased the phosphorylated form of transcription factor Smad1/5/8 and p38

kinase.

2.2 PEUR p38 HEE A HIH B BMPY 5 S8
C3H10T1/2 AR EAR B 52k

HH 178 BMP9 fi i [A] 78 )5t 41 s C3H10T1/2
B R, AEBEAT p38 WG AL, PRl
HEd BMP9 w] il i v 4k p38 Wi A #E C3H10T1/2
BCE . DRSS R HEI, B S R AN [
(2 wmol/L, 5 pwmol/L, 10 wmol/L)] p38 #h 4 =+
PEFNHIF] SB203580 FilAbHE C3H10T1/2 4, Fih
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wn
(=
T
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N W s
S o O
T T

Relative ALP avtivity/
=

(10*nmol*min*mg™)

oLle=o =

¢(SB203580)/(pmol-Ly — - - 2 5
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©

T BMP9 [, fE BMPO H) i & &5 7 R
ALP J& M, 453K H5XIH4l4HLt, SB203580
A LAl i BMPY 55 1) L i FR AR ALP 35
PE,  HEEZE I SB203580 74 M4 N, ALP 3%
P TR 52 A0 1 R S 0 AH S (1 2a AT 2b). DAL,
P38 W (14 S I 1 55 SB203580 R LA Ak 46t
PEHB AN BMP9 5 5119 C3H10T1/2 41 g - 1 1
ER

GFP+DMSO BMP9+DMSO

BMP9+SB

Fig. 2 Effect of the p38 inhibitor SB203580 on BMP9-induced osteogenic differentiation of C3H10T1/2 cell
(a) SB203580 inhibited BMP9-induced ALP activity of C3H10T1/2 cell in a dose-dependent manner determined by ALP quantitative assay, Data are
the (x + s) of triplicates experiments. **P < 0.01 »s GFP. (b) SB203580 inhibited BMP9-induced ALP activity of C3H10T1/2 cell in a dose-dependent
manner determined by ALP staining assay, x100. (c) SB203580 inhibited BMP9-induced OPG expression of C3HI10T1/2 cell detected by
immunocytochemistry assay, x100. (d) SB203580 inhibited BMP9-induced calcium precipitation of C3H10T1/2 cell determined by Alizarin Red S

staining assay, x100.
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2.3 PE T p38 B EGIE % AT H1HI BB BMPY iF 5 B
C3H10T1/2 {ARarGEEA R B 53 1k

BT ALP LA4h, OPN FI45 &Ry f 2 410 i iy
I 5y SRS 2 L R I FR AR, HOZ L ALP B
Mo Fe AR, BRIk, 4 T AN BH BT p38 B S
Ji, % BMP9 i S0 C3HI10T1/2 20 A i 391 i i
ST, B SERIA 10 wmol/L [¥) SB203580 Tl
AbFE C3HI0T1/2 400, FFH] BMP9 JiJ5 2 &% 4L 41
M, 7E BMP9 B 8584 12 KJa, Hse 40
OPN I K i&. & XKW, Hx R4 ML,
SB203580 FiAbFEZH o 1 BMP9 75 1] OPN {114
B N FE(E 20), I PR S AR, 1R
SB203580 AL A1 H i BMP9 75 5 ) 41 (145 £ 45
T kb, X W SB203580 #1141 1 BMP9 i
11 C3HI10T1/2 40 B 45 Eh Ui AR (&l 3¢). A OPN
L ST S IR &5 R B, e R A SB203580 BH I
p38 Wl s ME S5, o] LU i BMPY i 3 19

C3H10T1/2 4l i 3 By 44k
2 3

@

I
o W
T T

—
W
T

1.0

H

0.5r

Relative Smad6 expression
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1
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l e E—
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2.4 PEUT p38 BLEGIE 4 FT H) § BB BMP9 i S /Y
Smad £ B {ESIR1ZHIECE

TAT B, BMP9 A] LT E C3H10T1/2 (1)
Smad1/5/8 WAL AK-F 38 (K&l 1c), XKW BMP9
7] LG Smad £ i 45, Smad6 A1 Smad7 M) &
Smad £ ML 12 14 S P 32K 1, #F Smad £ L&
WS 5 IR TR N, S ) S A S
SEEEMIVER, J& Smad & HUE S IR bR &2
— R0 SR BH T p38 A G M S5, Smad £ $Li4
BT DL, 1618 i Real-time PCR Kl T
Smad6 1 Smad7 1Kk, Z5H K, £ SB203580
AL B C3HIOT12 40l 5, Sxf MM, H
BMP9 f1i% -5 ) Smad6 F1 Smad7 ) mRNA #ik /K
I TP <0.01, & 3a 1 3b), 3X 3 HFH
BMP9 %5 3 [f] p38 WM& 1% )5, 1 BMP9 Hig
Smad 2% T3 Smad6 1 Smad7 F£ik iz
FOHmA]. deEI . BAWT p38 PAEEVE RIS, 4k
O] R BMPY P 11 Smad 28 HL{5 518 14
EINREIE I D

=
A

(951
W

_— = DN W
S W O L © L O
T T T T T T T

Relative SBE reporpter
activity/10*

Fig. 3 Effect of the p38 inhibitor SB203580 on BMP9-induced activation of canonical Smad pathway in C3H10T1/2 cells
(a) SB203580 inhibited BMP9-induced Smad6 expression of C3HI10T1/2 cells detected by Real time PCR, data are the (x + s ) of triplicates
experiments. **P < 0.01 ys BMP9+DMSO. (b) SB203580 inhibited BMP9-induced Smad7 expression of C3H10T1/2 cells detected by Real time PCR,
data are the (x + s) of triplicates experiments. **P < 0.01 ys BMP9+DMSO. (c) SB203580 inhibited BMP9-induced luciferase activity of C3H10T1/2
cells, data are the (x + s) of triplicates experiments. **P < 0.01 s BMP9+DMSO. (d) SB203580 decreased the phosphorylated form of Smad1/5/8
promoted by BMP9 in C3H10T1/2 cells determined by Western blot. /: GFP+DMSO; 2: BMP9+DMSO; 3: BMP9+SB.

Y UESEICHED, ) FH 26 5 38 Bl o B R D7 v
W7 BMPY JTifs 319G R BTG . 22
R UKL p12SBE-luc AEAR 5 BE A RTHHA T 12 NE
#L11) SBE(Smad binding element) /341, Smad £ it

BARWOE G, TLABE 2 J5 89 Mg IR, 4
RWoR: SB203580 ]| BMP9 fir 2] Smad &
B AR IO, AT %' 2= i v PEFRAIR(P< 0.01,
Kl 3c). Il Western blot 3 — P UESE: SB203580
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TiALEE S, 1 BMP9 JIT %5 5 (1) Smad1/5/8 W21k
PRRAR(E] 3d), RIS N Smad1/5/8 (G632
BN, LG LR g R R, FHIK p38 WIS T
(A P B BMP9 52 (1) Smad £ 85 5 & 42 1)
WO,
25 p38 & EnE A A0 H B BMPY iF 5 B
C3H10T1/2 AR T 51k

g BE— P AE 52 BMP9 Jl i p38 i i& 12 %) T
C3HI10T1/2 40 i s de 4 AE /. R p38 F

() si-NC si-p38

(©

(9%
wn
T

3% [3e) w
S W S
T T T

i

Relative ALP avtivity/
(10**nmol*min~'*mg™)
S &

P IR Wi BE (si-p38) A X IR 9 # (si-NC) 2% Zt
C3H10T1/2 41l f (&l 4a), Western blot ffi i\ si-p38
AJ DA S BRAIG p38 W 1) 4R 1 R IA 7K, AT
3 p38 K YTER (K] 4b). M0 7E p38 LU ER ),
BMP9 5 5 %) 40 i 5 30 i 8 b5 ALP (9395 1% B 4
FAG(P<0.01, & 4c F14d), [FINF, C3HIOT1/2 44
JH P 300 B FE AR OPN 2R R4S 6 [T AR i AH WY 57 £
(B 5a F15b), KB p38 FEAIPUER R v T 3
BMP9 %5 1) C3HI0T1/2 41 f koM il o0 Ao 5.

(b) 3

‘ 2
pis— . -

BrActin —> —— —

Fig. 4 Gene silence of p38 blocked BMP9-induced ALP activity of C3H10T1/2 cells
(a) Efficient infection of adenovirus AdR-si-p38 and AdR-si-NC to C3H10T1/2 cells. (b) The expression of p38 was reduced by RNA interference
determined by Western blot. (¢) Gene silence of p38 inhibited BMP9-induced ALP activity of C3H10T1/2 cells determined by ALP quantitative assay,
data are the (v + s) of triplicates experiments. **P < 0.01 s si-NC. (d) Gene silence of p38 inhibited BMP9-induced ALP activity of C3H10T1/2 cells

determined by ALP staining assay, x100. /: Blank; 2: si-NC; 3: si-P38.

(@ Blank

(b) Blank

si-NC si-p38

si-NC

Fig. 5 Gene silence of p38 decreased BMP9-induced OPN expression and calcium deposition of C3H10T1/2 cells
(a) Gene silence of p38 inhibited BMP9-induced OPN expression of C3H10T1/2 cells determined by immunocytochemistry assay, x100. (b) Gene
silence of p38 blocked BMP9-induced calcium deposition of C3HI10T1/2 cells determined by Alizarin Red S staining assay, x100.
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2.6 p38 ERFTEKATHISIEH BMPY i S RIRR X
TR

HUESE p38 BEPRIPTERLE A4 P 2 75 R m] LA
BMP9 % 5[] C3HIO0T1/2 41 M A28 R, 40 93l
¥ p38 T-HUHRNG 5 (1 si-NC Jifi5 2 ) A1 BMP9 it
B C3H10T1/2 4 Hu (¥ 6a), FF 4% 4fl a4 b
PR T, 5 IR FRPE, RIMHAZ
F) PR B AR /INE AT B R 22 (K] 6b).

R Ak A Y, HEAT H&E.
Masson Trichome £ Alcian Blue #tff. 5 X} B 4H
si-NC ALk, H&E Z4 {4 107 si-p38 B 3 I 1 36 it

(a) BMP9+si-NC

(b)  BMP9+si-p38

BMP9+si-NC

(bone matrix, BM)A &8/, 1 HARZ AR
A4 AN B 41 A7 AE (B 6¢); Masson Trichome %
BN, si-p38 HARZE I E B (VA A 1 B
FET, BEOMER), T R IR 2 O (A A D
), A ) R R A (] 6b);  Alcian Blue Z4 %
R AT 1 2 1 B 3 J5TURK 23 (chondroid matrix
CM, HAith).

Rk, B Ed b2z 2t /R: p38 &
P CER mT 6] BMP9 %55 1) C3H10T1/2 41 g i
SN, A AR B B R A A Y

HEx100

Tricromex100

Alcian Bluex100

Fig. 6 Inhibition of BMP9-induced ectopic bone formation by gene silence of p38
(a) Co-infection efficiency of Ad-BMP-9 and AdR-si-p38 (or AdR-si-NC ) to C3HI0T1/2 cells under a fluorescence microscope. (b) Gross image of

Retrieved samples. (c) H&E staining, Trichrome staining and Alcian Blue staining of Retrieved samples. BM: Bone Matrix; OC: Osteoid or cartilage
like matrix; Ch: Chondrocyte; UMSCs: Undifferentiated mesenchymal stem cells; CM: Chondroid Matrix, x100.
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Bone Morphogenetic Protein 9 Regulate Osteogenic Differentiation of
C3H10T1/2 Mesenchymal Stem Cells Through p38 Kinase Pathway”

ZHAO Dan'?, WANG Jian", LUO Jin-Yong", LIU Yue-Liang",
WANG Hong", ZENG Zhao-Fang", YUAN Jun"¥"
(" Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Chongging Medical University, Chongqing 400016, China;
3 Student Affair Office, Chongging Medical University, Chongging 400016, China;
3 Scientific Research Office, Chongging Medical University, Chongging 400016, China )

Abstract In the previous reports, bone morphogenetic protein 9 (BMP9) has shown potent function to induce
osteogenic differentiation of mesenchymal stem cells, however, the underlying molecular mechanism of
osteogenesis induced by BMP9 is needed to be deep explored. BMP9 was introduced into C3H10T1/2
mesenchymal stem cells by recombinant adenoviruses protocol, then, in vitro and in vivo assays were conducted to
evidence whether BMP9 can induce osteogenic differentiation of C3H10T1/2 mesenchymal stem cells through p38
kinase pathway. The results showed that BMP9 can activate p38 kinase through increasing the phosphorylated
form of p38 kinase. P38 kinase inhibitor SB203580 can inhibit the ALP activity, OPN expression and calcium
deposition of C3H10T1/2 cells induced by BMP9. Furthermore, SB203580 also led to inhibition of canonical
Smad pathway activated by BMP9. Moreover, when p38 kinase was silenced by RNA interference in C3H10T1/2
cells, BMP9-induced ALP activity, OPN expression, calcium deposition and in invo ectopic bone formation were
accordingly inhibited along with knockdown of p38 kinase. Taken together, those results intensively suggested that
BMP9 can induce and regulate osteogenic differentiation of mesenchymal stem cells through activating p38 kinase

pathway.

Key words bone morphogenetic protein 9, p38, mesenchymal stem cells, osteogenic differentiation, mitogen
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