E%ﬂi% 541 vtk
Pro ess in Biochemistry and Biophysics
J 2013 40(12): 1220~1229

www.pibb.ac.cn

Research Papers [ iEaE iE

BEESAXEER 9 BT INKs HEFRZ AT
B 7R TR E 1L

) R LY E

0 £ 340
(O ERREERNK 22 R IR 2 W 22 207 S0 S0 5, E K 4000165 2 H RS RS

Fitg
T ARAL, K 400016)

WE AT K E B A K 428 13 9(bone morphogenetic protein 9, BMP9)R%: T il it £ . Smad #4245, AT i 22 24 s il
b 25 11 3 i (mitogen activated protein kinases, MAPKs) ™ [¥] p38 Wi i 15 1 #4 [6) 78 00 T 40 Mo Rl 23 4k . R ST 4k B4R
MAPKs [ TR c-Jun 555 AR Uit B4 (c-Jun N-terminal kinases, JNKs)X|T- BMP9 755 8] 76 5 T 40 e o Ak i R $4E H.

FI I BMPO T 2 I 73 8 Y 17 78 S04 M, 385 A 040 A S50 AR 9 sl sE 5, 9025 45 it BMP9 &
g5 WK . BMPY R 23k INKs S B A 1T 3 BG4 INKs #1771 SP600125 7T 41l
t1 BMP9 5 5 (1) 1] 78 J5% - 40 B (¥ Bk 12k % 12 B (alkaline phosphatase, ALP)¥ P
;. FHFIHIF] SP600125 HIH] INKs ST f5, BMP9 155 Runx2 [ 3818 Rl e iib vk,

R [R) 78 0T A0 R 0 A

(osteocalcin, OCN)ZRIE LA K4S Th TR

TEAIE I INKs Wi 1%

‘B ¥ % 3 (osteocpontin, OPN)FlH 45 &

VALK Smad £ USROS AR Z 2006 RNA 40380 INKs & B ICER [ nr 401 BMPO 75 14 1) 78 50140 o i & 2>

PR AR BB T S J A

Kk, BMPY nli it G4k INKs i

HRAE, AT 97 8 78 5T A R A

KR HRAKRAEEA 9, INKs, [HFEH TN, Rml, 220500 H i

Z849EKS  Q257, R34

] 78 51141 id (mesenchymal stem cells, MSCs)
R THREN KRN, 20T,
HATSRKH 5 3 EFr e M2 - RE, R
A T ol e i LA, SRErdi i, 250
e O i R e e O R A N (B P 1118
7RS4 MBS . S 2 R AR AR 1 2
PHAZAE, BRI vz SR AR TR AR e 2
WG, WAEE AR ST, A TA) 78
JFCT A0 A DA o 4 i ), ﬁgﬁéﬂiﬂﬁ??ﬂ?
VR ) 78 ST A e e i A, Herp, mEASRAE

9 i

K 1 (bone morphogenetic proteins, BMPs)nJJﬂE
LM AT W 4B 7. BMPs & B4l KA
¥ B(transforming growth factor-B, TGF-B) K% 1]
RO, HETIL B E T 20 &R BMPs,
Horp Ok E 1 B AT 3 BRI PR BMPs 280
BMP2, 4, 6, 7 551681,

BB AR 1 9(bone morphogenetic proteins 9,

DOI: 10.3724/SP.J.1206.2012.00620

BMP9) /& BMPs H1[f—Ff, FZEREALAE T HFAER.
BMP9 L E 52 HAT 75 S ALE R fh 28 JC i 2R R
oA TR R A R T R A R 30 A P K 1)
AT Z P EE ) eI, (HIE X T BMP9 75
HRE R FETRERN, KIFLCRHAEZ 650/
TR, IERIAHOCHEE TAEUER : BMP9 1 B AT #;
SR PRI 8] 78 T AR B R AP E R, AR
MR 58T BMPs Z05 (1 HoAth i 03, 1 BMP2 il

BMP7 S58B4 (H L, [T BMP9 5 58] 78 )i T4
MR AL o HLE,  H AT Z IR T .

22 Z4 35 A 1 B0 (mitogen activated protein

* [H 5% 1 ARRHE R4 (81272006, 31071304)F0 R T FEAil 5 B W wF
FL iR (estc2013jcyjA10061) % B H .

IR AL

Tel: 023-68485239, E-mail: luojinyong@sina.com

WeRs H I 2013-07-04, B2 HMH: 2013-09-02



2013; 40 (12)

R, % BRESKREEA 98T INKs HERZIEEERRTHEHREH L

* 1221 -

kinases, MAPKSs)&—RZ MR / 71 R 5 I,
LT BT 4l iR 3 /745, MAPKs 505 3 24 DY
AL ET ERK1/2. ERKS. p38 AT INKs™, 4%
558 SR RE b i S B2 2y, DRI £ 8 42 40 i
ARy 188 WL W Kok R R A AR
FHUS L AL 4 f AT R I, BMPY 1 DL it
1L MAPKs H(1) p38 Wl 1 42 [F) 70 5T 40 B pe i
SR, $E8 MAPKSs SR R 01 fFE BMPY 75 3 il i
SRR T R T AR AR 4R SN T
MAPKs ZZ 5 oy — B E % 51 INKs HE4T T 70 4.
T SE AR AL [A) 78 540 e INKs 308 7] 4 BMP9
WAL, FEAH] INKs ZE S 4041 7] SP600125 BH 1K
INKs 34 B 3% 7, BL & RNA T 3 £ K (RNA
interference, RNAiQ)# | INKs #lE £k 5, W
JLX BMP 1755 119 0] 78 501 41 B B8 73 A0 1 52
W T AR INKs %) T BMP9 5 5:[1) 78 i+ 4
TS 43 A R A2 A FH A LT BRI LA

1 MR57E

1.1 ##

/I B 78 0T 4 Uik C3H10T1/2 F C2C12 ¥
Wy 9 S [ gt 20 T Al R R /L (ATCC), /I B JIR
21 ¢ 41 Jfid (mouse embryonic fibroblasts, MEFs) FH i
A5y B R AF: BMP9 i # Ad-BMP9. 3 i
53 Ad-GFP i AR R LRAT ;. INKs T4
JIR 5 £ (AdR-si-INKs) F1 %} B IR 95 £ (AdR-si-NC),
P EER 5 FORL pl 2SBE-Luc. pBG2-AP1-Luc 1
p(60SE)-Luc 4 FH 56 & 2 I aF oK 2 e 2 vp o i 3 1]
YL INKs #0117 SP600125 I H Santa cruz
AF], WET DMSO, BCHlSR A 50 mmol/L (1)
EAF, —20°C fA7-4% H.

T P 18 PRI (alkaline phosphatase, ALP)7% P 5&
AR ) &% B BD /A A s Fast Blue RR salt.
Naphthol AS-MX Phosphate Alkaline Solution. #“E
% C. B BERRH MM 3240 S W H Sigma A 7l ;
RNA $#2IUA Trizol 1% 44187 Lipofectamin2000™
W H Invitrogen 7> d]; M-MLV W5 58 . 28 6%
fiff 4 00 48 77 £ 04 F Promega A 7] ; PCR 5|4 iy
Takara 23 7] 5l =l DMEM R %2k, D06 4
M35 H Hyclone 28w s HAdR 7)) Ky 8t 1 43 24& 5%,
[ 3 M 4.

‘B Mr & [ (osteocpontin, OPN) (sc-21742) Al
‘B 5 2 (osteocalcin, OCN)(sc-23790) — Pr 3y 4 H
Santa cruz 2~ 7] ; Phosphor-JINKs(p-JNKs, #4668)—

Pl H Cell Signaling A 75 it INKs(#9252)—Hilly
H Cell Signaling 7~ @ ; Phosphor-Smad1/5/8
(p-Smad1/5/8, #9511)—#iJE H Cell Signaling 2 7 ;
AL Smad1/5/8(sc-6031-R)—$i I [ Santa cruz 23w ;
Runx2(#8486)—#il H Cell Signaling /A #]; B-actin
(sc-47778)—FtIl H Santa cruz A w].

SEIG BN FH 6~ 8 JE] i 11 i B Al 4 92 S5
BALB/c # i, W KERKF LK P 03
fit, IR TR R G Z s N, PR
JEERELE 25°C, WL N 60%~70%, kLA
KA EE G H e,

1.2 A%

1.2 ALP F 5 F0 @ &AM . #0 C3H10T1/2.
MEFs fll C2C12 4l & 24 FLAN PR KT TR, % FEN
30%, FRAlfEIiEEfS, Rl SP600125 FilAbPE 4 h, 1k
TN 7 AdR-si-INKs( 2% AdR-si-NC) [l 95 £ 2 G
24 h; G MNGE & Ad-BMP9 IRk 5, 4k4Ls
F A M N I IA] S5 HE AT ALP JR (0 0 5 H 0 58 (B A 1%
TR U P EAT).

122 EAFEES AT, dER T 100 mm 4H )l
BRI, AR AR R AN B, 40 M 24 v
RIPA A, 2503845 41 Ml Z# v, BCA VANl
JE SRR L. RARWUFE S22 SDS-PAGE. %K
S%EMIE AR AR —PUEE . YEE. HRP b5
WP E SSRGS RO A
t, BRIRAE.

1.2.3  ASERVTRSEEG . 2040 M 2 24 FLAH o ss o
B, B 30%, FraffuilbsE s, IR
50 mg/L [4E2E 2 C A1 10 mmol/L 1) B- iz H .
FH SP600125 TiALEE 4 h, i\ i&EH AdR-si-INKs
(5% AdR-si-NC)MJ #1254 24 hs Bl 5 PRI GE &
Ad-BMP9 IR, 4heiiaR 21 RJGHHATH RS
Pt MR FE LA MG FRAL AR, HJGH PBS
eV 3 I 0.1%5 [ 5E 10 min, XZE/KPER 3
W FEERAFEIK, N 0.4%P6FE 4 S, 16 B iss
IEE, AL BRI, LN
WAL N RIPE S, A WL R A%

1.2.4  POCHEBFIRE SL N SLE . BRh 4 il 2 T-25
S B TR AN 25 em?), S5 30%, {4l
WiBEJS, GG JCXPL) DMEM 1 97 4,
B J5 H Lipofectamin2000™ %% %% p12SBE-luc ( 8%
p(60SE)-luc, X pBG2-AP1-luc)iihi 1 wl, 45
4 h ¥ 524> DMEM K723, 4k4iR59% 24 h, 5
VAo Beph &2 24 SLANMRT IR0, A 40 IS BE s



* 1222 - SMFEE5EYYIRER

Prog. Biochem. Biophys. 2013; 40 (12)

IS AP AR BRI 32, 4R SEE5 TR 24 h F1 36 h J5 43 il
BEAT 90 2R S I 5 () & 1 W) kAT
1.2.5 Wi A2k 44, C3H10T1/2 4 fi
FER R 100 mm 4 U5 IR, B557 2 40 i % B2 60%
AiAi, MGG AdR-si-INKs(5% AdR-si-NC) fif 55
BRKYL 24 h, FRINAGE & Ad-BMP9 I 5E, 4k4:
FigR 24 h, WIS LA MG TR 9 4A, 2 ml
0.25% 2 FABES AL 2 min, FJ 8 ml 7 10% I35 1)
DMEM HURT, WA WRET A 4 B i, 500 g &
£ 2min, FZ W, H 50 ul & 100U/ml % 3
1100 mg/L %557 25 1) PBS H 2 MUyiiE. A 1 ml
T AR 50 wl 41 Bl e T8 L BALB/c AR ]
TS, B AEERR R T CR AERR N, Al ffE
Fivs FJE, Wb seeR i, HU% N AHOE /NI
A%, FAER AR e s, S, A
Y F, H&E 4 {4 F1 Masson Tricrome 4% {f Wi 5% f,
PN B E SO, BURLRAT. Masson Tricrome %%
K H Image-Pro Plus EE 73 M7 1 B .

1.2.6  Zeitortr. HalHS bR HE (e £ )RR,
o1 1] LA R FH B IR 25 5 2200 M, PRI ER R ¢
K9, gt a2 SASS.2 Bt Ak 3.

C3H10T1/2
(@ |
1 2 3 4
.
s { . S

e | T S O —
pracin— I W W -

(© MEFs
1 2 3 4
p—JNKs{ — s GRS c—
p— a
INKs { —

2 ZERESMH

2.1 BMPY 2 [E TR TZHAEF JNKs B85
58, R AR 5 EZE RS I BMPY )3 ] 72
T4 fufk C3HI0T1/2 J5, INKs Sl f & & K
PR IR A K. 25 R KL, BMPY iR 2 8% 4t
C3H10T1/2 41 36 h J5, INKs [0 E FI7KF-TG B
WAL, ARFCEERR A KIS I, T INKSs 9]
#] SP600125 WA LU BMP9 % 5 1) INKs i1k
1859(F 1a). £ C2C12 A1 MEFs 41l fg 1, BMP9 3
Ak INKs [IBERRAL(& 1b, ¢). INKs A LABEE 1L
Bk AP, M-S BOLIEE, 96 R &
JFURL pGB2-AP1-luc 7EHR A BE T T AP1 5 3)
F X 3o 1) INKs |k W T 4 (JNKs-responsive
elements)/ 1), 38 ik %t 2 Mg 13 P AR A0 mT DL e
INKs 0SB . 45 R s BMP9 1] LUAY
pGB2-AP1-luc G ZRMgH N, 2 — 2 7x BMP9
Al G4k INKs, 1 SP600125 I A] DL ] BMP9 Ft
HRHRNEMEEP<0.01, K 1d). HHER:
BMP9 1] BT W] 78 5% T 41 il 3% 4k INKs 35 g
2. TR INKs J2& 15 0] LU #% BMP9 15511 1)
TN R 34k, (EARHE DG

c2C12
b)) ! ’
1 2 3 4
e —
p-JNKs { R A a—
— — a— S—
JNKS{ e —— | —
B—Actinﬁm.
L@
£ 160000}
2 2140000t C3Hl0TI2 ¥
$2 1200001
T8 1000001 -
Z & 80000
Ea 60 000 -
£ 2 40000t i
< 20000} s ﬂﬂ
o olfl A [l
1 2 3 4 1 2 3 4
_
24h 36h

Fig. 1 BMP9 activated JNKs kinase in MSCs
(a) C3HI10T1/2 cells were infected with Ad-BMP9 or Ad-GFP virus. At 36 h after infection, cells were lysed and subjected to Western blot. (b) C2C12
cells were infected with Ad-BMP9 or Ad-GFP virus. At 36 h after infection, cells were lysed and subjected to Western blot. (¢) MEFs cells were infected
with Ad-BMP9 or Ad-GFP virus. At 36 h after infection, cells were lysed and subjected to Western blot. (d) BMP9 induced activation of JNKs in
C3H10T1/2 cells detected by luciferase reporter assay. Data are expressed as x + s of triplicates experiments. **P < 0.01 ps GFP; #P < 0.01 ps BMP9.

I: Blank; 2: GFP; 3: BMP9; 4: BMP9+SP(30 pmol/L).
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Fig. 2 Effect of the JNKs inhibitor SP600125 on BMP9-induced early osteogenic differentiation of MSCs
(a) SP600125 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 ys GFP; #P < 0.01 ys BMP9. (b) SP600125 inhibited BMP9-induced ALP activity of C3H10T1/2 cell in a
dose-dependent manner determined by ALP staining assay, Magnification, 100. (c) SP600125 inhibited BMP9-induced ALP activity of C2C12 and
MEFs cells detected by determined by ALP quantitative assay. Data are the x + s of triplicates experiments. **P < 0.01 ys GFP; #P < 0.01 vs BMP9. J:
Blank; 2: SP(10 wmol/L); 3: SP(20 wmol/L); 4: SP(30 wmol/L); 5: GFP; 6: BMP9; 7: BMP9+SP(10 pwmol/L); 8 BMP9+SP(20 pmol/L); 9: BMP9+SP
(30 wmol/L). @: Blank; M: SP(10 wmol/L); [: SP(20 wmol/L); [: SP(30 wmol/L); M: GFP; @:BMP9; M: BMP9+SP(10 umol/L); [O: BMP9+

SP(20 wmol/L); M: BMP9+SP(30 wmol/L).
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Fig. 3 Effect of the JNKs inhibitor SP600125 on BMP9-induced late osteogenic differentiation of MSCs
(a) SP600125 (30 wmol/L) decreased BMP9-induced calcium deposition of C3HI10T1/2 cells detected by Alizarin Red S. (b) SP600125 (30 pwmol/L)
decreased BMP9-induced OPN and OCN expression of C3H10T1/2 cells detected by Western blot.
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Fig. 4 Effect of the JNKs inhibitor SP600125 on BMP9-induced protein expression
and transcriptional activity of Runx2 in C3H10T1/2 cells
(a) SP600125 inhibited BMP9-induced Runx2 protein expression of C3H10T1/2 cells detected by Western blot. (b) SP600125 inhibited BMP9-induced

Runx2 transcriptional activity in C3H10T1/2 cells detected by luciferase reporter assay. Data are expressed as x + s of triplicates experiments. **P <
0.01 »s GFP; #P<0.01 vs BMP9. I: Blank; 2: GFP; 3: BMP9; 4: BMP9+SP(30 pmol/L).
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Fig. 5 Effect of the JNKs inhibitor SP600125 on BMP9-induced activation of canonical Smad pathway in C3H10T1/2 cells
(a) SP600125 inhibited BMP9-induced phosphorylation of Smad1/5/8 in C3H10T1/2 cells detected by Western blot. (b) SP600125 inhibited
BMP9-induced SBE-controlled luciferase activity of C3H10T1/2 cells. Data are expressed as x + s of triplicates experiments. **P < 0.01 ps GFP; #P <

0.01 ps BMP. I: Blank; 2: GFP; 3: BMP9; 4: BMP9+SP(30 pwmol/L).
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Fig. 6 Gene silence of JNKs blocked BMP9-induced ALP activity of C3H10T1/2 cells
(a) The expression of JNKs was reduced by RNA interference determined by Western blot. (b) Gene silence of JNKs decreased BMP9-induced ALP

activity of C3H10T1/2 cells determined by ALP quantitative assay. Data are expressed as x + s of triplicates experiments. **P < 0.01 ps Blank; #P <
0.01 »s BMP9+NC. (c) Gene silence of JNKs inhibited BMP9-induced calcium deposition of C3HI0T1/2 cells determined by Alizarin Red S staining
assay. Magnification, x100. (d) Gene silence of JNKs inhibited BMP9-induced phosphorylation of Smad1/5/8 determined by Western blot. (¢) Gene

silence of JNKs inhibited BMP9-induced activation of Smad pathway determined by luciferase assay. Data are expressed as x + s of triplicates
experiments. **P < 0.01 s Blank; #P<0.01 s BMP9+NC. ]: Blank; 2: BMP9+NC; 3: BMP9+siJNKs; 4: siJNKs.
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BMP9 Regulates Osteogenic Differentiation of Mesenchymal
Stem Cells Through JNKs Kinase Pathway”
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Abstract In addition to Smad pathway, our previous study has shown that BMP9 can induce osteogenic
differentiation of mesenchymal stem cells (MSCs) through p38 MAPKs pathway. In this study, we explore the
possible involvement and detail role of JNKs (c-Jun N-terminal kinases) in BMP9-indcued osteogenic
differentiation of MSCs. BMP9 was introduced into MSCs by recombinant adenoviruses protocol, then, in vitro
and in vivo assays were conducted to detect whether BMP9 can induce osteogenic differentiation of MSCs through
JNKs kinase pathway. The results showed that BMP9 can activate JNKs kinase through increase the
phosphorylated form of JNKs kinase. JNKs kinase inhibitor SP600125 can inhibit ALP activity, OPN and OCN
expression, as well as calcium deposition induced by BMP9 in MSCs. Furthermore, SP600125 also led to a
decrease in BMP9-induced Runx2 activity and canonical Smad signaling. Moreover, when JNKs kinase was
silenced by RNA interference in MSCs, BMP9-induced osteogenic differentiation in witro and ectopic bone
formation in vivo were accordingly inhibited along with knockdown of JNKs. Taken together, those results
intensively suggested that BMP9 can induce and regulate osteogenic differentiation of MSCs through activating
JNKs kinase pathway.
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