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(HE] a6 FitdEEAYSHFRIZHN T C3G (Crk SH3-domain-binding guanine-nucleotide-releasing factor) X0 L
A AE SR R AL, ek 23 W H pCXN2-Flag, pCXN2-Flag-hC3G (id 3£ ik A C3G mRNA) ki bk i i de HOC2
OV JE AT B/ B R (H/R T, S8z Fdl 2 BORi 4 C3G i Rk 4l =5 1+ H/R 4 &= Bk + H/R 41,C3G
HFEX+HH/RA., F RT-PCR AL L4 C3G mRNA B2 3A 8 8T ENIE 20 Hr A8 L0 40 i C3G L p-ERK1/2 A1
Feak  MTT B AG T 240 A 38 5 %, R AN R M AT i A T-3 . 2 & C3G I RBHB T A M Z TR 4, C3G i %
5+ H/RALEZS 1+ H/R 41028 Foki + H/R 410 C3G mRNA,C3G & 1 .p-ERK1 2 [, 40 Mg 384 78 R 5 (P #9<0. 01) . A
TR PR (P<C0. 05, P<C0.01);C3G i ik + H/R 4528 4+ H/R 41 .28 Fiobi+ H/R 41 p-ERK2 & HE N (P<<0.01), %
d G FRE C3G AL IEC LA AR 0 A A7) 1% B T AR R p-ERK/2 & 11 23k B O UL AN A I T R AR T 1
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Effect of guanine nucleotide exchange factor C3G overexpression on survival of cardiomyocytes and its

underlying mechanisms

ZHANG Xu, LI Gang”
Division of Cardiology, Department of Geriatrics, The First Affiliated Hospital of Chongqing Medical University, Chongqing
400016, China

[Abstract] Objective To investigate the effects of the guanine nucleotide exchange factor C3G (Crk SH3-domain-binding
guanine-nucleotide-releasing factor) overexpression on the survival of cardiomyocytes and the underlying mechanisms.
Methods H9C2 cardiomyocytes were transiently transfected with pCXN2-Flag or pCXN2-Flag-hC3G (overexpressing human
C3G mRNA) plasmids, and then were exposed to hypoxia/reoxygenation (H/R) treatment. The cardiomyocytes were divided
into blank group, empty plasmid group., C3G overexpression group, blank+ H/R group, empty plasmid+ H/R group, and
C3G overexpression+ H/R group. The expression of C3G mRNA was detected by RT-PCR, and the expression of C3G and p-
ERK1/2 protein was detected by Western blotting analysis. The apoptosis rates of cardiomyocytes were analyzed by flow
cytometry in each group, and the cell proliferation rates were analyzed by MTT. Results C3G overexpression increased cell
proliferation rate and expression of C3G mRNA and protein, p-ERKI1 protein(all P<C0.01). and decreased apoptosis rate (P<
0.05,P<C0. 01) compared to the blank and empty plasmid groups; the same was true for C3G overexpression+ H/R group
when compared to the blank+ H/R and empty plasmid+ H/R groups. Expression of p-ERK2 protein in C3G overexpression—+
H/R group was increased compared to blank + H/R and empty plasmid + H/R groups (P <C 0. 01). Conclusion C3G
overexpression can promote cell survival in the cardiomyocytes, which might be mediated by the increase of p-ERK1/2 protein
expression and apoptosis inhibition.
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O JULEH B A A7 0 B AR R U8 T2 3 in 2 14 2200 1 A
PRI K96 I B BEHL ] 2 — L A AR R B 5T R
A FEMPK N R WAk A R (LK) AR
B (FAK) 554150 vl 0 L2003 7 4
PEHAFED Y, SR H N F C3G (Crk SH3-do-
main-binding guanine-nucleotide-releasing factor)
SRS FE B ALy 2 — AT R T & B
C3G H A TEAR SE AL JA AR A5 5 X0 JUL 48 B i) 36 3
BER N B R C3G 54 8 kb JE IR A AT X
AU WL R A A7 T o AV R O T 384 in AH 5% (1 ML 47
AR, AN C3G mRNA 5 KK C3G mRNA J7 4
FHALEE 35 99% . 1A C3G 15 KR C3G AR
LT 5 5 56 42 AH [R]85 Ak hy s DR 2 L AR AT 52
i B e SN IEPE N C3G mRNA fii A C3G A E KR
FLHOC2 O LA it 2R3k JF AT/ B 4 (HY
R) T, i # ik C3G XF HOC2 L WL 4H i i 4
FE HEFE P T A0 ML B 2R R p-ERKL/2 R R
S L DAII6E O I 5 0 2 s AL A %) ) B R B YR
SR L

1 MEFFEE

1.1 a4 KR HOC2 O L4 i #k e B
BEEBE 1 2 i Bl 2 A0 5% B 40 M 9% 08 rhao R A
ATCC 4ifE%E) . pCXN2-Flag (45 JHikL) | 541 H A%
JURL pCXN2-Flag-hC3G (A C3G i F ik Bk ¥
PR BERE K 2 R 5 — B= B i 7= B A IR U
84 DMEM B F: W [ Gibeo 28 w1, i 2F 1M 7%
W H Hyclone 22 Wl , JC N 3 R kLN & il 32 1 7 &
5 Omega Bio-Tek 22 Al 7= i, RNA $&H, 5% 5% &
cDNA ¥ Hik H & W [ TaKaRa 22 7, % 441K 7] %
ik LTX #1 Plus & Invitrogen 2 & 7= &t . /N BRPT
KB Bractin K (se-47778) Pt KR K& A C3G #1T
& (sc-15359) W H Santa Cruz 2 &, S KB p-
ERK1/2 Bk (4370) W H Cell Signaling 23 &, 4f
M TR IR 7 & (Annexin V-FITC/PD) g H JT.
TR KA ST T, U S AR (MTT) R
SEIR K AL S BE (PD A Sigma 23 877 5,

1.2 H9C2 w M2 3 i A 45 % % H/R T
KA F R ECE R 51074 HOC2 L L 40 g
IYIHERET 6 N AR 10 em WIS FRIMR (KN
37°C.95% ZR.5% CO,)  IEYNE S E 2935 60 % it
B TC LT 1 DMEM K5 3890, 43 3 25 1K)
23 JFORL LN C3G i 2 3K JFORE I i % 9 HOC2 0 L4

ML KA Ay 3 A, A A A TORLAL L C3G i 3R
KA, HAS 2 H3R 9 h e, ERE LA, 40
L8R I YN S I B o 3 |1 2 1S N 1 s 1
M T 6 AP (RT-PCR A& 25 1 5 B 585 43 #r
FHE R, MTT &0 H 96 FLF-4; i =X 40 B 31 %L
FH 6 LA ; 4 A8 22 A6 T 24 FLoF-450) L 35 5% TR 46
HE10% JE4- L B DMEM 15383, 75 9% 15 h(#
PeJF 24 b M IR 3 4L rb R AL A BC— 03 40 i L F 2
Ji 5% R B R S 10 % iR A 3 i DMEM B
TR AR L R F2 55 T 53R 48 h(55 345 72 h) 5 [
BF, 3 2T A% 1 o) — O 20 B K 5% 5% U e Dy A B R
KL ETFAREMRE (RN 37°C 1% 25.94% Ne\
5% CODBRE 3 h J5 . B8 & e M 10 % i 4R v
1) DMEM 35 352 & (RP R &2 50 76 IE 5 55 3 510 T 4k
SRR A5 WYL )R 72 ho LR 40 M 4 R 25 1
M R C3G i F£BH 2 H+H/R 4,5k
B+H/R41.C3G 1 RiE+H/R 4.

1.3 RT-PCR # ] & M %8 i, C3G mRNA # &
B BRI B RNAL SRS I 55 4 cDNA,
i1 PCR U3, 519751 KB practin [1ilf 5'-
AGA TGA CCC AGA TCA TGT TTG A-3'. Fiif
5-TTG GCA TAG AGG TCT TTA-3"; KKl C3G
¥ 5'-CAG GAT GGA CAG CAG ACA GA-3',
T 5 -CTG CGG TGT CTG GTA GAA CA-3'; A
C3G E¥iF 5'-CCA GGT CTC AAA GGC AGA AG-
3", Fiff 5'-CTT CTG AGT TCA CGC CTT CC-3',
PCR ¥ 2 B 4 F . 94°C #2813 min., 94°C 728 ¥
30 s, iRk GRBEST 9 KB B-actin 55°C . KBl C3G
58°C . N C3G 60°C) 30 s,72°C %EfH 30 s, HL#4T 35
AEER ., A ) BUAE 45 41 R R ] 35 B PCR
FEPINA TR] — F K G GE L Uk AR S HE AT O
ST LR B C3G mRNA DG FEH /K B p-ac-
tin JE 4 E(H 2 8 K Bl C3G mRNA B xF % 3k &,
A C3G mRNA JG% JEAH /K Bl practin Ot % B (&
AN C3G mRNA RYMIXT R A E,

1.4 ZEGRO&E 5 Haaale e C3G A
p-ERK1/2% & & ik srBl$2 B A m 4 i B s A
M BCA EMEEFHE, H 10% SDS 54 4 Ik i
STEEERE, AR 20 pge EEHLHIK S EEHRER
PVDF I b, 4% 37°CHH 2 h g, n—iin s
PR VE IR I E 0, SRR VR, T ECL A&t
&R AT B E = . LA C3G L%
FEAA /B-actin Yo% B H FR/R C3G & MY AH X & 35
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i, p-ERK1 % % JFE {8 /B-actin G % B {6 R /R p-
ERK1 2 [ 19 A XF %35 i, p- ERK2 )6 % B {8 /B-ac-
tin JEBF £ p-ERK2 25 11 A X 5 &

1.5 MTT skl s pum e ey 38 8 & 43 BIAG I 4%
HEEYL)T 24 .72 h (9 HOC2 O JIL40 M A6 % B (L 78
AL 4 R ) 5 AR B MTT ¥ 20 el (5 mg/mlD) .4
h G FEWAR N 200 1 DMSO,37°C#E R K5 5% 30 min
Je JHEEFRAL (570 nm KO W e JE % A, A0
B (V) =(72 h CHEAH —24 h OGH M) /24 h
G FEE X 100% .

1.6 AKX KA 0 < Wi =& 550
BAFEYT 72 h 1 HOC2 O LA M -3, W s 4m
Jfl B HB R JE N Annexin V-FITC/PI #E47 %R
WA AR AE M T, Annexin V-FITC #r
TS5 RPE A 40 MY , PT Aric PR P60 41 M, Annexin
V-FITC 4 B PTG €0 B4 0% 48 f Sy 0 7 200
AP TR (V) =TI E/ B AT £ < 100 %,

1.7 SMARBEREIHRELR @B TR 45
K& YL IS 72 h 1 HOC2 O L4 B 28 . R
bp M A B C

300 —

200 —|

08
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Relative expression of mRNA

SEIRIR Y WL sh R AR AR S L PTG 40 i
¥ FE OGRS IR AR OB R,
1.8 #%hitFa WA SPSS 17. 0 143t
SO R B DL s R, 24 A R R
RZEITZ4Hr (One-way ANOVA) , B2 0] b 5k
A Tukey %35 . K55 7K F (o) H 0. 05,

2 & B

2.1 H9C2 = ML#m i C3G mRNA # &2 RT-
PCR F il 25 2R W7, 25 (4l 28 Bk 41 B C3G
mRNA 8B B K3k, 1M A C3G mRNA A% ik;
C3G FFEIEHMM C3G mRNA BIREES2 4
Mz Bkl i 22 5 L g ik B L, M A C3G
mRNAH B EIE (P<<0.01), H/R THl)5,. 5 H+
H/R 4 .75 ki + H/R 415 K& 1 41 4 e, K
C3G mRNA FiLEK(P<<0.01);C3G 1 Fik+H/
R 4 C3G mRNA fIA C3G mRNA 5 AR T4
FE BB B (P<<0. 01, 1),
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Fig 1

Expression of C3G mRNA in H9C2 cardiomyocytes

A Blank group; B: Empty plasmid group; C: C3G overexpression group; D: Blank+H/R group; E: Empty plasmid+ H/R group; F: C3G

overexpressiont+ H/R group. M: Marker; H/R: Hypoxia/reoxygenation. There was no huamn C3G mRNA expression in group A, B, D, or

E. ** P<C0.01 vs group A and B;24 P<C0. 01 vs group C. n=7, T+s

2.2 H9C2 s ML #mfs C3G, p-ERK1/2 & & # &
A S DTN BT/ T TP N Rl = B g g 1A
HHE,C3G i F£IK4 C3G . p-ERK1 & A #1558
(P<<0.0D) ,H/R THU5 .25 F+H/R 4 . %5 b+

H/RH 5 AT WA H L, C3G, p-ERKI, p-ERK2
EARBTIE(P<0.01); 55 +H/RA. %K
B+HH/RA b #, C3G o & i85 + H/R 4l C3G,
p-ERK1.p-ERK2 Rk (P<<0. 01. &l 2),
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Fig 2 Expression of C3G and p-ERK1/2 protein in H9C2 cardiomyocytes

A: Blank group; B: Empty plasmid group;C: C3G overexpression group; D: Blank+ H/R group; E: Empty plasmid+ H/R group; F: C3G

overexpression+ H/R group. H/R: Hypoxia/reoxygenation. * * P<C0. 01 vs group A and B; 24 P<C0. 01 vs group C; A4 P<C0. 01 vs group D

and E. n= 7, x*%s

2.3 HIC2 S pLampedgsi & MTT P46 455 B
IR, A S BB R, C3G 1 38 41 41 g 3
BN H/R T UG, 25 A+ H/R A, %8 Fik +
H/R 415 & 1 W41 b, 40 i 38 5 % F % (P <<
0.0D; 5% H+H/R A, = Bk + H/R 4 LA,
C3G 1 3FR3K + H/R 2 4 i 3 5 S 34 % (P <<0. 01,
K3,

4001 .
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Fig 3 Proliferation rates of H9C2 cardiomyocytes in each group
A: Blank group; B: Empty plasmid group; C: C3G overexpression
group; D: Blank+H/R group; E: Empty plasmid+ H/R group; F.
C3G overexpression + H/R group. H/R. Hypoxia/reoxygenation.
** P<0. 01 vs group A and B; 224 P<C0. 01 vs group C; A4 P
0.01 vs group D and E. n=15, x+s

2.4 H9C2 & Mzm oA = % 40 M AR A I 25

RER, 55 AA. 2 TR A R, C3G i Fik 4 40
AT AL (P<<0.05), H/R THi5,2H +
H/R 4125 ok -+ H/R 415 & T W41 b, 40 5 04
ToRFHE (P<C0.01); 525 1+ H/R 4 25 Bk +
H/R A H#, C3G i ik + H/R 4140 M 7 7 5 %
e (P<<0.01, 4),

2.5 H9C2 e mmmE R BOLHRMILRE R
BEMLERZE R WoR . C3G i F kgl (B 5C) 40 fig B 42
BAS Ul (B 5A) Fas ok gl (B 5B) WL 22 HE 51 3
FF B4 H/R W B0 2R L 22 HE B K AL R
i A ZES . H/R THE. 524+ H/R 4 (K
5D) & Bk -+ H/R 4 (B S5E) A H . C3G 1 &3k +
H/R 44 MB AL 22 HE 9 B8 55 B4R (8] 5F)

30w

R A R G5 WAL 4y, A &K 1.3
AL K HR Ui 89 FAKLILK BA 4 080 L 40 jE 7
WLCMEILE T RS EeEREAE LT
LR FAK SRR e L4 B T | R AR L AE T
Jon T 0 FULARE B I s BP0 A 79 L 4500 U 2 AL
R E TLK AT 90 0 UL AR M 08 T 42 2F L3 5l 5 47
T BHL Lk O LR B i o 3L 100 0 9 o3 0 UL 400
Ifets s FLFgT 2 B 4% A R AR 5 30 I 10 .0 L 48
PR R HAENE W HLH S T ERK A5 02 41 i 17
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4  HOC2 ALAREET &R
Fig 4 Apoptosis rates of H9C2 cardiomyocytes in each group
A: Blank group; B: Empty plasmid group; C: C3G overexpression group; D: Blank+ H/R group; E: Empty plasmid+ H/R group; F:. C3G
overexpression+H/R group. H/R: Hypoxia/reoxygenation. * P<(0.05, ** P<C0. 01 vs group A and B; £ P<C0. 01 vs group C; 44 P<0. 01

vs group D and E. n=7, v+

B 5 H9C2 AL B & 52
Fig 5 Cytoskeleton of HIC2 cardiomyocytes in each group

A Blank group; B: Empty plasmid group; C: C3G overexpression group; D: Blank + H/R group; E: Empty plasmid + H/R group; F: C3G
overexpression+ H/R group. Compared with blank(A) and empty plasmid group(B), the F-actin cytoskeleton was thicker, longer, and more
orderly in the C3G overexpression group(C). F-actin fiber cytoskeleton was shorter, disorderly and sparsely rearranged, and the cells were atro-

phied in the H/R-induced H9C2 cardiomyocytes(D,E,F). H/R: Hypoxia/reoxygenation. Original magnification: X800

WSS R BoR i F ik C3G A HIC2 O LB A 4 B R AR 1 Fractin W00 B RBE IR, AT
LRG58 Ho.O LA Mg TR L R HBe e i 5% RIE LB, i ik C3G 4 p-ERK1 & 1 Rk,
H/RiFESH HOC2 0 UL 41 H 3% 1 2R B A%, 04 - 3% HAE H/R S0, C3G Rk A p—ERKl‘
s it Fak C3G AT XL H/R 5 S/ HOC2 O L4 p-ERK2 3R ik ¥ 34 m, R W] i £ 35 C3G {2 #
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