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B PRC3GXTHOC2: A ZH 58 A R TR =2 M)

oo x| Rk K O# F R
(PRI RER 24 I I 28 — 2 B, 2 4F AL, O IR 4, B K 400016)

WE AR AE T NT CRISPR/Cas9( A #42F 18) & C3G CRISPR/Cas9/R 2, 43445 £ %
RE LR R B, TR FEHIC2S fLm i, vAFE 7 3R C3G(Crk SH33K 4 & 1 "o 47 3 BR R 4% B )
SFHIC23 L4 e 38 58 A B = 69 & vl RO ALHL. 52 304 ANT CRISPR/Cas942. C3G CRISPR/
Cas9Zi. NT CRISPR/Cas9f& % 1 #2C3G CRISPR/Cas9fk . #1. i@ iZRT-PCR#: MC3G mRNA
# % 1% ; Western blot# M| 48 % & & & ik ; CCK-87& A M| 20 itL38 74, 7 X fa IO R4S 4 o B =, 45
£ 2 7+, C3G CRISPR/Cas94 #2C3G CRISPR/Cas9fik .20 #9C3G mRNAA & & L &R i&; » 3l 5
NT CRISPR/Cas941 #2NT CRISPR/Cas9fi 4L 41 It 4%, C3G CRISPR/Cas94 #2C3G CRISPR/Cas97&.
F 40 69p-ERK1/247Bcl-2% & VA & 48 i 3 74 7K -F ¥ I 1K(P<0.05), BaxZ& @ A 40 it 8 © /K -F ¥ 38
Am(P<0.05); 5NT CRISPR/Cas928 #8 tb, NT CRISPR/Cas9f& £.21C3G mRNAF= & & & ik ¥ F& 1%
(P<0.05), p-ERK1/24=Bcl-2% & A m I 3§ 75 7K -F ) I 1K(P<0.05), Bax & @ A 2 i B T /K -F 23§ Ao
(P<0.05); 5C3G CRISPR/Cas92a48 b, C3G CRISPR/Cas9f&k A4 #p-ERK 1/242Bcl-2% & & 41 it 3%
7h K B F1K(P<0.05), Baxa @ & 4m i 8 T KT ¥)38 hn(P<0.05). VA L% % & B, 3L C3GHE 1T
42p-ERK1/2. Bel-2 A Baxd7 4| HIC2 % L gm e 3 78 -1 it 38 =,

KR C3G; BEAE; T O g

Effects of C3G Knockout on Proliferation and
Apoptosis in HIC2 Cardiomyocytes

Deng Qin, Liu Cheng, Zhang Jing, Li Gang*
(Division of Cardiology, Department of Geriatrics, the First Affiliated Hospital of
Chongqing Medical University, Chongqing 400016, China)

Abstract The NT CRISPR/Cas9 (non-target), C3G CRISPR/Cas9 plasmids were constructed and
packaged into lentiviruses respectively. H9C2 cardiomyocytes were infected with above lentiviruses respectively
to investigate the effects of C3G [Crk SH3-domain-binding guanine nucleotide exchange factor] knockout on
proliferation and apoptosis in H9C2 cardiomyocytes and their underlying mechanisms. The experiments were
divided into NT CRISPR/Cas9, C3G CRISPR/Cas9, NT CRISPR/Cas9+Hypoxia and C3G CRISPR/Cas9+Hypoxia
groups. C3G mRNA was detected by RT-PCR. C3G, p-ERK1/2, Bcl-2 and Bax proteins were tested by Western
blot. Cell proliferative rate was examined by CCK-8. Apoptotic rate was determined by flow cytometry. The
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results showed that the expression of C3G mRNA and protein were absent in C3G CRISPR/Cas9 and C3G
CRISPR/Cas9+Hypoxia groups. Compared with the NT CRISPR/Cas9 and NT CRISPR/Cas9+Hypoxia groups,
the expression of p-ERK1/2 and Bcl-2 proteins and cell proliferative rate were decreased (P<0.05), while the
expression of Bax protein and the apoptotic rate were increased in the C3G CRISPR/Cas9 and C3G CRISPR/
Cas9+Hypoxia groups (P<0.05). Compared with the NT CRISPR/Cas9 group, the expression of C3G mRNA
and protein (P<0.05), p-ERK1/2 and Bcl-2 proteins and the proliferative rate were decreased in the NT CRISPR/
Cas9+Hypoxia group (P<0.05), while the expression of Bax protein and cell apoptotic rate were increased
(P<0.05). Compared with the C3G CRISPR/Cas9 group, the expression of p-ERK1/2 and Bcl-2 proteins and the
proliferative rate were decreased in the C3G CRISPR/Cas9+Hypoxia (P<0.05), while the expression of Bax protein
and cell apoptotic rate were increased (P<0.05). The above results demonstrated that C3G knockout can inhibit the
proliferation and promote the apoptosis of HOC2 cardiomyocytes through regulation of p-ERK1/2, Bcl-2 and Bax.

Keywords  C3G; proliferation; apoptosis; cardiomyocyte

B ¥R AZ # [K T (guanine nucleotide exchange
factors, GEFs) i] 3 i 33 /NG TP K 18 775 22 i 4 g 2
ft. C3G(Crk SH3-domain-binding guanine nucleotide
exchange factor)J& K| X #R NRapGEF 1, & S H R AL
BeK 7 — R, 5SEERNFOE TR 4L
H AR, K e g e, . #ib
ST A RN FRATTHT BRI 7T I, 75K B AL
b o R AR X O LR C3GER IR W 35 38 e, i 3Rk
(RIC3G R A2 33 o UL ZH Jf A A7 54100 1) 200 B 9 120, 77 i
FIRC3GHT HIlCo JULAH B AF I, 385 hnCo JUL 20 Jf 3 110
PR C3GAR Sk O ULAE MG FE . 4] UL i oA
T2, HAT A TE TG 2. B, AS2E6F] FHCRISPR/
Cas9(clustered regions of interspersed palindromic
repeats/Cas9) 5 G4 G i SR C3GE 4118 i 55, H F H
SR YLHOC20o JULH i, LAF 5T R B C3GXTHOC2:0 1L
SHMOBGTE . JE T R S L .

1 HRE T
1.1 ##
K EHOC2Cr WL4H B A% X HEK 293 T4H A #: /1 A<

W8 2H LR A7 pLenti-Cas-Guide 51 i Az 18 955 73 0 %%
R 0 H OriGene A ;i 4 L35 14 I PANA ],
DMEM-F12/l H HyClone A &; J& N % % Jii ki /N =
Fh$2 3R 75 &4 H Omega Bio-Tek/A & ; LBIAl 7 Fl 35
Jig ) H Solarbio s ] ; RNAFEHL . 1 #% K AcDNAY™
A S H TaKaRa A |5 514 HInvitrogen A H] &
B A E IR BGA I & K CCK-8 A &I H L5 3 =
RA VAR T, bt K RGAPDHFLA I H A
BB AR R A A TR R p-ERK 12504 1
H Cell SignalingA 7]; %Pt K Bcl-2. Bax P4 [
VLBH TR AR A TR A A bt K BRC3GH 4RI
H Santa Cruz/A 7 .

1.2 75

1.2.1 #3C3G CRISPR/Cas9/ft i L i T 1%
A RATE ERITFC3G CRISPR/Casoff i i3k
S H1)(# 1), C3G CRISPR/Cas9A [ ¥ %} lE(NT
CRISPR/Cas9)Jfi f f 5 K 318 AE M) B AR A R A 7
PR . FH TR 10 B 52 25 T AT B GRIR 32 7)), s 1
W A R (34 ng/mL) I ALBR 7, = # LA
100:1:1 000, $7#E4~6 h, R 2 M iEInvitrogen A 7]

#*1 sgRNAEA T KRR CIGH Rz R+
Table 1 sgRNA targeted rat C3G nucleotide sequences

sgRNAER T RRC3GINIE L B HR)T 4

sgRNA targeted rat C3G Nucleotide sequence

3210-3 229 5'-GAC AAA GCC ATC TGT GCC CC-3'
5'-GGG GCA CAG ATG GCT TTG TC-3'

3262-3 281 5'-CTC CTT CAC CAT GAA GCT GA-3'
5'-TCA GCT TCA TGG TGA AGG AG-3'

3308-3 327 5'-AAG AGAACA CCATCC AAG AA-3'

5'-TTC TTG GAT GGT GTT CTC TT-3'
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GACAAAGCCATCTGIGCCCC CTCCTTCACCATGAAGCTGA AAGAGAACACCATCCRRZGAGRA

Lt S 08 PR
C3G CRISPR/Cas9 3 210

C3G CRISPR/Cas9 3 262

C3G CRISPR/Cas9 3 308

Bl EEFRANEF

Fig.1 Sequences of recombinant plasmid

V7 mm— — — —

142 —
e

— GAPDH

E2 8REREHNIE

Fig.2 Verification of plasmid packaging into lentivirus

El3 C3G CRISPR/Cas9E R IEHFHiE
Fig.3 Selecting of C3G CRISPR/Cas9 recombinant lentivirus

HEAT BRI P B E (). fh$E R, J FHHEK293T
Y11 i 25 FE AL PR

122 BrFafbs  HET10%M 4 miEn
DMEM F12}% 3% 3 1% 3 HOC240 i . K 41 g 42 T
6FLIR Y, BEFLE1X10N I, 37 °Cy 5% COLIF A
HRE IR, FF 41 25 B TR T0% B8 8 5 55 77 3, 43
BINANAFE 5K, NT CRISPR/Cas9 M3 A [AIC3G
CRISPR/Cas9H 4 1855 5, 157724 h)m B ff 15 97
I, 15 1 B 25 TR 8 5% ) 12 B A ##E 4T Western blot
Rl o & R, 2% R Ih(E2).

123 Fr%E  HEA AEFRC3IGH H A1 B
(E13). 4 4H 7] B (HOC240 g 332 Fil T2 FL b b,
FEANFLIR —2F I FLIRYENT CRISPR/Cas92 % 2, 7

— 2 ) FL K JC3G CRISPR/Cas9f8 i 2, 1% 7724 h
Jo AR iR IR A, AR EREEFR45 he A EIR2ANFLIR
HBEATLEL HH — K 55 7R 4 s PBS, # 137 °C. 1%
02+ 94% Nov 5% COLFAIK AU 48 Hh 15 7718 h(HL 3%
7287 h); B 4ksERE %18 h(FLHE9R87 h). LIk
W 40 9 43 i 7 NT CRISPR/Cas94l. C3G CRISPR/
Cas92. NT CRISPR/Cas9fik % 41 f1C3G CRISPR/
CasOfik % 4. U 4 40 g I 3 7TRT-PCR. Western
blot. CCK-8 J it X AH B AAS M o

124 RT-PCR#MC3G mRNAZ AKF 43542
B 20 s SARNA, J4T [ % 5% cDNAY™ 1 A HL ik
GAPDH 35194 5'-AGA ACA TCA TCC CTG
CAT CC-3', Fii#51¥N: 5'-GGA TGG AAT TGT GAG
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GGA GA-3'; C3G Ll 51¥74: 5'-CAG GAT GGA CAG
CAG ACA GA-3', N34 5'-CTG CGG TGT CTG
GTA GAA CA-3'. x5k R BiskAF 37 °C 15 min,
85 °C 5's,4 °C 5 min; PCRY™ 1 [z v 5% £ 494 °CTi
A% M3 min; 94 °CAE 1430 s, 58 °CiE k30 s, 72 °CZE
130 s, FE30/MIEFR o HEAT B B B FEL K, BRAR
Quantity One /3 #7 .

1.2.5 Western blot#&) C3G. p-ERK1/2. Bel-2A&
Bax& & 4 HIERECSAANM A, FIBCATEM &
FEHWRE . B30 ngfk A EAET10% SDS T A it
EE LK) B 5 FL A S PVDFR |, 4% 2F1537 °C
H A2 h, SR)54 °CiFE —Pid . H2RHTBSTHR
VRN Pt B 1 h, TBSTHMR3IR, J5 FHECLAL2E:
RARFE R, FH Fusionfk A4F 4T 5 = 5087 o

1.2.6 CCK-8#&mlmpegsa % CCK-8iR 5 & ik
PifE. MRS I% 524 hAN87 hitk 73 ) ACCK-8
W10 pL/AL, 4k 205 B 2~4 hfa, FEE bR ORI 2% 1L
450 nm Ot FEAE. 40 1Y B Z(%)=(72 hiR )%
1H—24 WG FEAE )24 WG FEAE x100% .

bp

500
400
300

200 —

0.8 1

C3G/GAPDH

1.2.7 AKXl Aenmie BT A E TR
S UL PE . 410 ETF S N\ Annexin V-FITC/PIX{
B, A AAS AN TS . Annexin V-FITC(+)/
PI(-)Z R I -4, Annexin V-FITC(+)/PI(+)FE R
66, 349 T 48 A2, Annexin V-FITC(<)/PI(-)% 7~ i 24 i,
Annexin V-FITC(-)/PI(+)Z& /R~ FE40 M. FH 130 T
M T SR T A YR T (%)= TR T A e Y
SYHHE<100%.

1.3 “itFE a4 HISSPS 220844317 48t 240>
Mo vF 8 B0 F 35 Bh 1 22 (Yts) 3R, P[]
Eb 4 H Tukey #6: 36:, 22 41 18] L5 A 3 I8 25 07 22 40 A
(One-Way ANOVA). P<0.05%E 7~ 2 A it 275 .

2 HFHR
2.1 H9C2ZHAIC3G mRNAFIEAMKIE

C3G CRISPR/Cas9ZH M1C3G CRISPR/Cas9fik %
H EC3G mRNARMI 5 % i5. 5NT CRISPR/Cas9
A LR, NT CRISPR/Cas9ff 4 2H 1C3G mRNAF!
| A KPR (P<0.05) (B 4RI S)

GAPDH (519 bp)
C3G (384 bp)

*P<(0.05, 5NT CRISPR/Cas94H EL%%; “P<0.05, 5C3G NT CRISPR/Cas9#H L #5; “P<0.05, 55NT CRISPR/Cas9+HypoxiaZ H % »
*P<0.05 vs NT CRISPR/Cas9 group; “P<0.05 vs C3G NT CRISPR/Cas9 group; “P<0.05 vs NT CRISPR/Cas9-+Hypoxia group.
El4 HIC2UAAAEC3G mRNAMIFRIA
Fig.4 Expression of C3G mRNA in H9C2 cardiomyocytes



966

2.2 p-ERK1/2, Bel-2XBaxZE HHIERIE

Western blot4h £ Wi 7, 5 NT CRISPR/Cas94i
FINT CRISPR/CasOfik 48 21 Lk %%, C3G CRISPR/Cas9
“H }%C3G CRISPR/Cas9fik % #Hp-ERK1/2. Bel-2%4
H 7K °F B K (P<0.05), Bax & [ /K °F 1 n(P<0.05);
ENT CRISPR/Cas94] F1C3G CRISPR/Cas94 tt #5,
NT CRISPR/Cas9fit % 2 % C3G CRISPR/Cas9fik 4 4
p-ERK1/2. Bel-2# FH 7K [£K(P<0.05), Bax# FH /K
SFEE N (P<0.05)(KS).
2.3 YHREIEIE RO

4 I CCK-8 A i A 45 R i 7R, 5NT CRISPR/
Cas94L MINT CRISPR/CasOfRA 4L, C3G
CRISPR/Cas9#4 A1 C3G CRISPR/Cas9fik % 411
BE R [EAK (P<0.05), -1 (P<0.05). 5NT
CRISPR/Cas941 1 C3G CRISPR/Cas94l Lb#, NT
CRISPR/Cas9fik & 41 f1C3G CRISPR/Cas9fik 4 41
B9 5 R B AR (P<0.05), 8 T2 3 n(P<0.05)(Kl6 Al
7).

3 1ig

ORI O IUVBEZE ., 55Kk PO LR 220 )
By 55 o LS A R A U T 5 0 LA R O A P
P BE T (B ) B 8 3 DA SR BT, ) T R]
RO JUL A A7, RO, xof o0 UL B 00 12 A
ST HURIRRE 7E, A B 0 MU 50 (R T S 48T
FIHE A

WU, BaRE S EB B, M AR
B i i (focal dhesion kinase, FAK) A4 & % % 2 1
fiff (integrin linked kinase, TLK)%% 2H 43 7] {i¢ 3k .00 IL4H
FA7E, I T, SRR AL R T C3G(Crk
SH3-domain-binding guanine nucleotide exchange
factor) 2 A RBHMH 22—, ER-—NETHZ
SR E R, R X R SRR, f85 5 SH34,
M4 Crk SFKs(Src family kinases)flc-Abl%5 4> 1
I EAE Y, BRI, C3IGHR T S I i &
B BAT DK, @ ERC3IGH T BN AL I IG 53148
T2, H.C3GE R 45 A B DR mT A /) B R iR B L7

9 S
9 *® ¥
C‘b-%q @Cﬁ’% Q@G cﬁg
e S = >
O AS e e
S o 8T o7 P
C G AN &
& & o

kDa é& X
37— R A A GAPDIH

21—

— C3G

44— - S p-ERK1

1.5+
£
£ 1.04
g,
Gy
o
g
Z 0.5
[}
2
"
M Z
0 3 L
@G@ o
N
cﬁg 0‘33% <
S G
< » \g,‘l
o
é&

E=E C3G
EZ3) p-ERKI
E3 p-ErRK2
D Bcl-2
Bax

AN
RN

#P<(.05, 5NT CRISPR/Cas94H EL#%; “P<0.05, 5C3G NT CRISPR/Cas94 EL#L; “P<0.05, 55NT CRISPR/Cas9+HypoxiaZH H#% .
*P<(0.05 vs NT CRISPR/Cas9 group; “P<0.05 vs C3G NT CRISPR/Cas9 group; “P<0.05 vs NT CRISPR/Cas9+Hypoxia group.
E5 HIC2LALLAEC3G. p-ERK1/2. Bel-2F1BaxE AHIFRIA
Fig.5 Expressions of C3G, p-ERK1/2, Bcl-2 and Bax proteins in cardiomyocytes
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500 5

400

300 -

200 -

Proliferation rate (%)

*P<0.05, 5NT CRISPR/Cas9ZH LL#5; “P<0.05, 5C3G NT CRISPR/Cas941 LL#; “P<0.05, 5NT CRISPR/Cas9+HypoxiaZl HL 4% .
*P<(0.05 vs NT CRISPR/Cas9 group; “P<0.05 vs C3G NT CRISPR/Cas9 group; “P<0.05 vs NT CRISPR/Cas9+Hypoxia group.
El6 HIC24MREHYILIER
Fig.6 Proliferation rate of H9C2 cardiomyocytes

NT CRISPR/Cas9 C3G CRISPR/Cas9
10°p2.Q1 p2-Q2 10" p2.q1 o P2-Q2
_ 10 P _10
o [
g1 g0
& 2
210 Sior
o N=
1P P2-Q3 1 AR [
10° 10' 10° 10° 104 10° 10! 10° 10°
530740 [488]-Annexin V FITC 530/40 [488]-Annexin V FITC
NT CRISPR/Cas9+Hypoxia C3G CRISPR/Cas9+Hypoxia
10'p2.Q1 p2-Q2 10'p2-qi
=100 AT =10
z z
02 L0
2 RS 2
S IR P~ S
g 10 P g0
10° o P2-Q3 5% oL e O
10° 10' 10° 10° 100 10° 10! 102 10°

530/40 [488]-Annexin V FITC 530/40 [488]-Annexin V FITC

P2-Q3

P2-Q2

P2-Q3

20+

*AH#

Apoptosis rate (%)

*P<0.05, 5NT CRISPR/Cas941 tb:; “P<0.05, 5C3G NT CRISPR/Cas941 FL#4; “P<0.05, 5NT CRISPR/Cas9+HypoxiaZl Eb 4% .
*P<(0.05 vs NT CRISPR/Cas9 group; “P<0.05 vs C3G NT CRISPR/Cas9 group; “P<0.05 vs NT CRISPR/Cas9+Hypoxia group.
7 HIC2:LALAAERYE T
Fig.7 Apoptosis rate of H9C2 cardiomyocytes

BRI, C3GHZ 5L E OIEEN . 41k,
S LA o JULI S o ) 3 9 A5 B R PR R RS, R AT
20 JULAH A7 35 SR T, (R I E RO ML B AT 598
AN 5E 4G # . ERKI/2/2MAPK( mitogen activated
protein kinase) 5 I (1) 32 2 R A 2 —, AT E k0 JUL4H
WLAF S, A R T, SR AR AF i 2 T, Bel-2A
Bax & Bel-27 52 K 5000 1) W A T2 22 B AP0, m] iy
LRRIARFE T30 1%, Hop Bel-2 & Prif o3 ], REfe i

I HOAF 3 T Bax 2 PR T2 36 [N, Refedb g i i -0,
AT SL50 2 P, @5t 8% p-ERK1/2. Bel-2 5
Bax )ik, 1 ik FIC3GHA] 23k 0 LN A (1 1735,
) FL PR T T AR C 3G AT H O LA A7, A2
BEHPH T, (HE R CIGHT O WL B A7 S T 1
s H BT A e TE 2 .
CRISPR/Cas9s& — Mgt I 2 R f PR B, B 3
3 o # ) S RNA(single guide RNA, sgRNA) 5
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BRI

B B REE AL R, AT 51 5 Cas9 8 [ 25 A F #E
JEHIAL, VIBIDNAUEE, 2R )5 ) FH 41 i 255 B 4 1 3
FREE R K AFAE R, T T8 B 25 B 2
#2221, R, AHT 7T I CRISPR/Cas9 2 4t #4 2 it 42
C3GE 1895 %, EYLHOC2.Lr ILZH i, I F LUK 4
MEFR, S5 RRI, % C3G G p-ERK1/2 K Bel-2% ik
FEAIC, Bax k14 m, I HARS AL B 5 ol Af i FRC3G
(O AILAE B I p-ERK 1/2 Bel-23 ik it — B BRAR, 11
HBax# 15 g — 5 19 hn, 2 8@ i ¥ 7p-ERK 1/2,
Bel-2 & Bax {13215, miFC3G AT $ O LA B A7 35,
T, CIGIEIE O WL PR AT I8 S R T A
JOont O VS R GE 52 A Ry 3t — 20 I i S R B ) 25
SEIGESE
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