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Involvement of ERKS5 signaling pathway in the cardiomyocyte—like

differentiation of C3H10T1/2 cells induced by bone morphogenetic protein 9
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[ Abstract]Objective : To investigate the role of ERK5 signal pathway in the differentiation of C3H10T1/2 cells into cardiomyocyte-like
cells induced by bone morphogenetic protein 9 (BMP9). Methods : C3HI10T1/2 cells were infected with recombinant adenovirus
AdBMP9 and AdGFP,and the transfection efficiency was detected by flow cytometry. Expression levels of phosphorylated ERKS5 (p-
ERKS5) and ERK5 were detected by Western blot and the expression sites of p—ERKS in the cell were detected by immunofluores—
cence. C3H10T1/2 cells were preprocessed with ERKS special inhibitor BIX02189 and induced by AdBMP9. Expression levels of
p—-ERKS and ERKS were detected by Western blot;expression levels of myocardial specificity gene myocyte enhancer factor 2C
(MEF2C) and GATA4 were measured by real-time fluorescence quantitative PCR and expression levels of myocardial specificity
protein connexin 43(CX43) and cardiac troponin T(c¢TnT) were detected by Western blot. Results ; The transfection efficiencies of
AdGFP and AdBMP9 were about 50% and the expression level of p-ERKS after being induced by AdBMP9 was significantly higher
(P<0.01). Immunofluorescence showed that the expression of p—ERK5 of BMP9 group was obviously increased and mainly concen—
trated in the nucleus. 15 pmol/L BIX02189 completely inhibited the expression of p—ERKS5(P<0.01) and significantly inhibited the
AdBMP9 induced expression of MEF2C,GATA4 genes and CX43,cTnT proteins in C3H10T1/2 cells (P=0.000). Conclusion ; The
ERKS signal pathway can be activated by BMP9 to promote cardiomyocyte-like differentiation from C3H10T1/2 cells.
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C3H10T1/2 4 fitl . BMP9 R 7 (AdBMP9) | 75 2 7
(AAGFP) (€ [ 2 i K240 F I L 56 2 2 ) 5 s 2F
1.7 (Hyclone A7) ; RT—qPCR 5141731 (f8 K EL K - [ ifg 4
EPHEARA R 748 ) s RT-qPCR Gk (RARA:PH AR
Tl ) ; RNA $2HGRF & (BioTeke 23wl ) ; S 55 57187 £ (TaKaRa
AT R p-ERKS P Bl ERKS £ w BRI (Cell sig-
naling A H] ) ; bt B CX43  FRBLE ¢ TnT BLIERESTIA (Abcam
SN 5 AU Dylight549 266 41 K B-actin FLEATEREDT
TR BRI AR O LU 2B S S bt BBt (ALt R A
22 A AR A BRA D) ; BIX02189(Selleck 23 )
12 ‘miaiz kA A2

C3H10T1/2 A5 75 537 MGG YL [ 2% SCik( 2], 5%
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1.3.1 Ji AN AR DAL Yk e AN 28 BB o 20 5 e Ak
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Uk 3 WK, 0.25% 1 B AL J5 250, PBS ISV 41 i 2500,
PBS %% 41 vk 5 K 1 x 10° 4~/ml & T°1.5 ml # EP %5 N
b A S T £ (5,5 1 FR38 | FR AR L i 4 i A 9]
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1.3.2  Western blot £l p-ERKS .ERKS [U#i5  SZER04H
(1)aS A ARHL G () B0 A (green fluorescent pro—
tein, GFP) 41 ; AAGFP ¥4 442 ; (3)BMP9 41 . AdBMP9 ¥4 441 |
0 B 22 AL 3 26 5 ARG TS S0 458 2 A A 1 s 2 VAR ol
24 h R RCRAERFTE S0% 2047 FE YRR 24 h JEHRIUA R
F,BCA BN AW, 45 5 x FREGEnPh b FES 50 pe/fL I
FERAE , BTN SR E A 1 b, EIR—PT(39Fe 1:1 000 i
BOWE 1 hJe,4 Cik, WHERER 1 hJ5 Tris 2R
(tris buffered saline tween, TBST)¥Ef 10 min x 3 ¥, ILALL
PR P(1:5 000) , ZEHEMFE 1 h, TBST YL 10 min x 3 1K,
T RO EHIE 5% BE R AT 2 52 R 4L RIS, Quantity
One M3 HT 48 IR A, L) p—ERKS 5 ERKS A LL{E , ERKS
5WNZ B-actin WY HLMEE R p-ERKS & ERKS YA XT % ik
L, EE 3 W T AT,

133 HPEde e H R EN p-ERKS TEANMN A923% 20
TEH 48 h J5 YA B 24 h J5 24 PBS 3% 5 min x 3 IKJF,
4% %2 B F S [ € 15 min, PBS 3k 5 min x 3 ¥, 1% Tri-
tonX~100 B 10 min, PBS 0L 5 min x 3 ¥, L =F3 0 L7
A1 30 min, P E AT p-ERKS —4T(1:100)1 h JFHL
4 °Cid R, W H EIRE RS PBS EE5E 5 min x 3 ¥, IIA Dy-
light549 FRic I 2EH % i (1:400) EIEEEEHE T 1 h, PBSIE
B S min x 31K, 47, 6-_BKFE-2-FRFLM|NE (4 6-diamidino—
2—phenylindole, DAPT) J¥4% 15 min J& PBS &Pk 5 min x 3 1K,
HRE R RO RAEE PSR, g (aset DAPL
FRic i, 2L 620 B p-ERKS Kik,

1.4  Western blot #:-] BIX02189 it 4 22 j& p-ERKS #9 & A&
Bons U AR & 0 R A

1.4.1  Western blot 46 Il 7~ [ ik B2 BIX02189 Fiisb L J5 p-
ERKS (3635 52884040 . (1)BMP9 4 ; (2)BMP9+BIX02189
5 wmol/L #H ;5 pmol/L BIX02189 kb ¥R 5 AABMPY [ith i
FEYu2H ; (3)BMP9+BIX02189 10 wmol/L: 10 pmol/L. BIX02189 i
KEFR IS AABMPY 554420 5 (4)BMP9+BIX02189 15 wmol/L4H .
15 wmol/L BIX02189 kb5 AdBMP9 54 YL2H  AMAIZ: 0.5,
10,15 pmol/L. BIX02189 FiALEE 1 h J5F£E AdBMP9 ¥54% 24 h
JEPRBCA I A TR, k) 1.3.2, A 3 R T4t
I3HT

1.42 RT-qPCR il C3H10T1/2 4RI BIX02189 15 wmol/L
AL O U SR MEF2C (GATA4 ik 526404
()25 14 (2)GFP 405 (3)BMP9 41 ; (4)BMP9+ — Fi 3LV
M (dimethyl sulfoxide, DMSO)ZH . DMSO FiAh B j5 AdBMP9%%
YL2H ; (5)BMP9+BIX02189 15 wmol/L 4H : 15 pmol/L BIX02189
TAb S AABMP9 5L 2l , AL AHERN ) 6 FLAR T, BEHL
4 5 45 DMSO 8% BIX02189 T4 HE 1 h /5 FF£8 AdGFP &%
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AdBMPY Y5 55E 1, 2O A SIS RNA I RNA ¥
& SN eDNA JE-80 CLRAT . Zaad st % 95 °C; 9"
MR 95 °C; iR KRB 60 °C; SEMHIR L 60 °C ;40 MEHY”
AR RN A LD R 68 DB AR Cu (B LA N Yy 2k
., JH B-actin HZ, A ACi=(Ct HIEER -Ct IZHE) -
(Ct A -Ct WS IEH ) 2200 S FE R AR Rk, HE
SR HATGEIT, 51T A R 275 SCHR(3].
1.43  Western blotiGIBIX02189 15 wmol/LAAZMFEC3H10T1/
2R ¢TnT AT CX43 FikKF srdiln] 1.4.2, A MEREAL S
AL PR R R 3 PRI A R AT R, k) 1.3.2,
CX43 .¢TnT 523 B-actin B FLIEAE A CX43 Fil ¢TnT KK
Xk, BE 3 WRHITSIAT.
1.5 St o

SERVEAE R F SPSS 17.0 JA4RAbHE , 25 R IR + b
2 (x x5 ) TR, SRR HL SR FH R R0 225091, 4
V) 9 795 LA SR P LSD— 15, R I /K U a=0.05

2 # R

2.1 C3HIOT1/2 2 fa gy SV

{88 8 n UL BMP9 ZH /9 C3HI0T1/2 40 ks 3% 3
JElJE i i B R a5 B RWIE  Wias A AN HES) 3
AL, 2L A, ik 1,

A. BMP9 4 B. 25 141
1 FEERMETA C3H10T1/2 48 (100 % )

Fig.1 C3H10T1/2 cells in inverted microscope ( 100 x )
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Fig.2 Transfection efficiency detected by flow cytometry

222 Western blot ¥l p~ERK5 ERK5 FUZIETEM 45 5%
WIRA A C3HIO0T1/2 203 REA I H p-ERKS HI ERKS 1Y
ik M ERKS Fih £ W22 54 (P=0.793) ,p-ERKS ik H7
P50 p-ERKS 4 [A] L% 4 P BMPO 214825 44 (GFP 41 3%
KW 2 RA SR E L (P=0.000,0.001), W3R 1 K
3,

% 1 Western blot #&illl p~ERK5.ERK5 F&i%
Tab.1 Expression of phosphor-ERK5 and ERKS5 detected by
Western blot

EASEA) Sk GFP4 BMP94
p-ERK5 0.259+0.128 0437 +0.072*  0.967 = 0.138"
ERKS 0.997+0.107 1.050+0.159  0.979 £0.119

i :a,p-ERKS, 5 BMP9 A It P <0.01;b,p-ERKS, 525 (T4 A L
P<0.001

1 2 3

p-ERKS — 115 kD

ERKS s s s 115 kD

Bactin 3 D
1. 251412, GFP 41 ;3. BMP9 41
B 3 Western blot #ill p~-ERK5.ERKS5 Fix
Fig.3 Expression of phosphor-ERK5 and ERK5 detected
by Western blot
223 HIETEHKIN p-ERKS FikEN 45 WoR &AM
T B MUAZ I T L p-ERKS A5k, 25 1405 GFP 410
i@ 22 51, {H2: AdBMP9 535 p-ERKS 1) 235 B B 195,
HEZED T, WA 4,

Z ...
GFP4 ...
BMP94] ...

DAPI p—ERKS Merged

4 GEVOEHN p-ERKS BIAAESL ( 400 x )
Fig.4 Cellular localization of p—~ERK5 detected

by immunoflurescence ( 400 x )
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2.3.1  Western blot ¥l BIX02189 FilAb® p-ERKS il ERKS
FREM 45 RINA BIX02189 J5 ERKS 2k JoI i
2555 (P=0.622), 1M p—ERKS 23k i 5 24540 e J3 (1% 384 Jonn 2
FAIK (P=0.001) , fITA 15 pmol/L BIX02189 il &b ¥ 25 46 il A~
F| p-ERKS ik, LG 2285 15 wmol/L AR B SR AMF 5T L
Wi ERKS 3 8% 04 00 Jo O VR R PR BRI B2 i R O
a2 KI5,

23.2  RT-qPCR ill.Co fIURE 5 M 2 K] MEF2C  GATA4 3
ik SRR A LN RE  MEF2C 41 18] i & 3
BMP9 4|  BMP9+DMSO 41 #H XF 3 ik & Jo 48 1124 22 7 (P=
0.997), H. BMP9 £ &% BMP9+DMSO ¥ i Fas FI4 |
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% 2 Western blot #&il|£2 BIX02189 Fi&b 12 /5 p-ERK5.ERK5 &i%
Tab.2 Expression of p—~ERK5 and ERKS5 in C3H10T1/2 cells after being treated with BIX02189 detected by Western blot

EAEPA BMP94 BMP9 + BIX02189 5 umol/L 4] BMP9 + BIX02189 10 wmol/L 41~ BMP9 + BIX02189 15 pmol/L £
p—ERKS 0.852 +0.127 0.605 = 0.183 0.368 +0.197 0.039 + 0.034"
ERKS5 1.021 +0.061 1.081 +0.081 0.961 +0.127 1.016 + 0.140

1 :a,p-ERKS, 15 BMP9 4, BMP9+BI1X02189 5 wmol/L £, BMP9+BIX02189 10 wmol/L ZHAH . P < 0.05

% 3 RT-gPCR #&ill MEF2C.GATA4 &KX
Tab.3 Expression of MEF2C and GATA4 detected by RT-qPCR

FER AR ZHA GFP#H BMP9ZH BMP9 + DMSO #1  BMP9 + BIX02189 15 wmol/L £H
MEF2C 1 0.998 +0.121 3.674 + 0.464° 3.673 0.386° 0.357  0.065"
GATA4 1 0.967 = 0.098 3.665 = 0.435" 3.628 = 0.498" 0.829 = 0.094

TE:a,GATA4 MEF2C, 545 141, GFP 41, BMP9+BIX02189 15 wmol/L 414t P=0.000;b, MEF2C, 5745 141, GFP ZHAfEL P < 0.05

% 4 Western blot #ll cTnT.CX43 &ix
Tab.4 Expression of cTnT and CX43 detected by Western blot

HEHAWK SHA GFP4] BMP9ZH BMP9 + DMSO 21 BMP9 + BIX02189 15 wmol/L 21
¢TnT 0.015£0.016 0.007 + 0.006 0.161 + 0.033* 0.190 = 0.026" 0.006 = 0.005
CX43 0.167 +0.117 0.245 +0.072 0.921 = 0.054 0.876 + 0.044° 0.244 £ 0.031

Hra,CX43 ¢TnT, 575 41, GFP 41, BMP9+BIX02189 15 pmol/L Z{AH b P=0.000

GFPAIIZEIE (344 P=0.000) , Ifif BMP9+BIX02189 15 wmol/L
1Y MEF2C e R A 5 i 8 T4 4 41(P=0.017,0.018
0.000.0.000) , 25 (14155 GFP 4 [u]) ik & LG 12455 X (P=
0.992) ; GATA4 41 ] Fb 3 & B BMP9 41 . BMP9+DMSO 4 AH
Xf ki o] 25 5 (P=0.885) , HLARWI I i T2 41 .GFP
ZH BMP9+BIX02189 15 pmol/L ZH Y3k (38 P=0.000) , 2%
FH4H . GFP 415 BMP9+BIX02189 15 wmol/L £ [A]JCHH g 2%
S(P>05), W4 3 KK 6,
1 2 3 4

PERRS it i 115 kD

ERKS5 115kD

Boaclinl i W—  — — 43 kD

1. BMP9 4 ;2. BMP9+BIX02189 5 pmol/L 21 ;3. BMP9+BIX02189 10
pmol/L 2H ;4. BMP9+BIX02189 15 wmol/L 2
5 Western blot # ]2 BIX02189 42 f5 p-ERK5.
ERK5 ik T4
Fig.5 Expression of p—ERK5 and ERK5 in C3H10T1/2 cells after
being treated with BIX02189 detected by Western blot

5-

~
H

eSSV RO RS T
[3%)

MEF2C GATA4
a:GATA4 MEF2C, 575 940, GFP 41, BMP9+BIX02189 15 wmol/L £H
I P=0.000;b: MEF2C, 575 (141, GFP 4] P< 0.05

6 qRT-PCR #ill MEF2C.GATA4 Rix
Fig.6 Expression of MEF2C and GATA4 detected by qRT-PCR

23.3 Western blot £ .0 LR 5 86 1 ¢TnT FI CX43 3
X S5H R BMPYO 405 BMP9+DMSO £H 6] ¢ TnT #35JGHH
225 (P=0.123) i THAY 3 41 TnT ik (B2 P=0.000) ;
BT WL CX43 23k, 76 BMP9 25 BMP9+DMSO 4[] J6
W 4 22 5% (P=0.456) ,{H3X 2 4] CX43 Fikti Ay 3 A H
2B GRS (N P=0.000), %5 140 .GFP 20 .BMP9+
BIX02189 15 wmol/L £H /Y CX43 F2ik K WG it 524 5 (P>
0.2), W% 4 KK 7,

1 2 3 4 5
c¢TnT 37 kD

CX43 — —— 43 kD

Braclin “— ——————— 43 kD
1. 25141 ;2. GFP 41 ;3. BMP9 41 ;4. BMPO+DMSO 41 ;
5. BMP9+BIX02189 15 wmol/L 24

& 7 Western blot #&ill cTnT & CX43 &i&
Fig.7 Expression of cTnT and CX43 detected by Western blot
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SRR RS |, SR HFSE BMPY 75 514 i )0 JILZH i
SRR BE S S

MAPK {55 1& 1842 02 WIS -5 4 i 35 17 2]
2 1A% 9 4 B AL 3 3 ERKS 1E ) MAPK & ik
) — D, S — 222 [ A TR AR 1 A, T BT AR s 22 2
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AR RE o2 AN R T RE Y ) 2 4
ZFPAEFRYIEES ERKS (%) B REE F IS 24 sk A
¥ MEF2C,MEF & [15 ERKS5 1 C 344, #ERKS
WRERR A5 Y o FL A SRS Y, AL BMPY 5%
C3H10T1/2 4ififd 24 h J5 4553 B R , ERKS (3R ik 1%
AW ARE 1M p-ERKS 221k B i 3858 | G g vt
TR M AZ AT W p-ERKS BYFEIL B B4R
A A% A 2k B G 2 | X 1A 25 BMPO
755 C3H10T1/2 MG T ERKS {5538 %, {2t
THIFEN p-ERKS WM AEA% N HH , p-ERKS AT figid
WG 2 &S EETPRTIREEAR AT
BMP9 % C3H10T1/2 4 ii5SAEMH .

BIX02189 J& Hi Tatake %5 UAHF 57 #f % ) ERKS
PR AR AT R S ] ERKS A ME— [ JiF
T MAPK 3 5(MAPK kinases 5, MEKS) [\ {1k
IREFH T ERKS BEER 1L, [R] A2 BH U 70 4w o) )
TUFEY) MEF2CUR 5 5% 530006 |, 51T —FHBr& 42
W PN ERKS 5538 i 5 . ARSCEhE o it
T AT B e BE A BE 45 HY BIX02189 15 pumol/L 1] L
0 BMP9 iS5 ERKS @ B AT , H B A8 T
H BMP9 75 5 /90 IUAE 5 14 3 ) GATA4 MEF2C
KU WU SRR 1T ¢ TnT ,CX43 OS54, i F 4k
PG MEF2C (9388 i £ % I 0T AR HE Y 4
i, 3% A BIX02189 Xt MEF2C (%% 5% 5 0% Kk #%
T—EMANHIE 55 Tatake SEMAYAIFSE 3, PR
ZH AT RGBT & 3, BMPO 1] L3 i PASMAPK
15 51 A T HAA 5 1) O URE 20 it R G e 7R
I P38MAPK 7] DL i MEF2C I3 g HLA 59
X F AT DL MEF2C I 58 4 W il /0 S R
M MEF2C J2& 75 i 52 3 HA i 15 5 5% iR A2 0
I T B — DR

KT ERKS 5OMABEMNXR, ENIMEE B
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PR AR AN LS RGO M58 & B IR 280, i 98 38 36
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PG X LE R R 8 T MEKS/ERKS {5518 [ 78 L
M RGBT EZEEN, ATEHUESE, BMP9
AL 3E S ERKS 15538 B R 45 C3H10T1/2 21l
i) U IURE AR 434k, 1 MEKS -ERKS-MEF2C {55
MBS 5HP R T IEREEEN, T4
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