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Hepatitis C Virus Core Protein Activates stat3 Pathway and Regulates Cell Cycle Protein
Cyclin D1 Expression in Hepatocellular Cells
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Abstract; [Objective] To investigate the role of hepatitis C virus core protein (HCVc) on the activation of stat3 pathway and
regulation of cell cycle protein cyclin D1 expression in hepatocellular cells, which might involve in the malignant behavior of liver
cancer cells. [Methods] Recombinant plasmid pEGFP-N3-HCVec containing HCVe gene was transiently transfected to overexpress
HCVc in HepG2 cells, and siRNAs targeting HCVe was used to knockdown the expression of HCVe in HepG2 cells.  Fluorescence
microscopy was used to detect green fluorescent protein (GFP) expression, Western blot analysis aws used to detect HCVe, stat3,
phosphorylated stat3 (p-stat3) and cyclin D1 protein expression. Flow cytometry and MTT assay was employed to detect cell cycle and
cell proliferation. [Results] Western blot analysis showed that HCVe, p-STAT3, and cyclin D1 protein level were higher in HCVc
transiently transfected HepG2 cells than the blank plasmid transfected group and untransfected group, knockdown of HCVe expression
by siRNAs can down-regulate the expression of p-stat3 and cyclin D1. Treatment of AG490 can downregulate the expression of p-stat3
and cyclin D1 in HCVe transfected HepG2 cells.  Flow cytometry showed that overexpression of HCVe promote the progression of cell
cycle into G2/M phase. MTT assay showed that overexpression of HCVc increases the proliferation of HepG2 cells. [ Conclusions]
HCVe activate stat3 pathway and regulates cell cycle protein cyclin DI expression to promote cell cycle progression and cell
proliferation in HepG2 cells, which may be associated with the development of liver cancer.
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1.1 # #

JNFIEE AR HepG2 41 lh R S 560 2 (477,
5 HCVe 5t A 1Y B A% 38 ik pEGFP-N3-HCVe
(LA fAiFK HCVe FURL) l AR TR A B I PR
#L[] HCVe 1Y siRNA J78125: 2% SCRRU OB A il
DMEM #% 3% 5£ W) H Gibco 23 Al ; Lipofectamine™
2000 4 B Invitrogen NHE] HCVe $iiiE) B Abcam
5l sstat3 PUAR p-stat3 HUEFN cyclin D1 Hrik
H CST 23 Al 34— 200 05 (MTT) | 248 it 2R i i
RIPA K75 [ M 7] PMSF g [ 22 7= KAE PR
T, —H FEA (DMSO) I H Sigma 23 F)
1.2 REiEF R mAnEE

HepG2 AR 37T 10% 464 L35 9 DMEM
R SR BT 37°C ARFUMBON 5% CO, A
XTHREE R 95 % WIS TR AR Th s 9R, B 1~ 2 d
VO, AN A K 95 %l A I TR AL T AL AR
#(3 ~4) x 10° HepG2 A E & T 2 mL % 10%
G 2R I3 /) DMEM 53236 ) 280 F 6 fLAR T,
LR 24 h, MEANAGE 90% ~ 95% &, 7%
Lipofectamine TM 2000 15 B 45 1 17 Jit k7 J& siRNA
e OIS TR EP 4, B H EP 45
FILA 250 WL (4 Opti—-MEM JGIfiiE 8 3: 5, 551 K

EP 4 hfin A 3 L NC Jii &z (500 ng/ul), 45 2 H
JMA 3 WL HCV —c K7 (500 ng/pl), 55 3 HAn
A 3 L HCVe JFK7 (500 ng/pL)+siRNA-NC 3 uL
(50 pmol/pL), %5 4 HHHNmA 3 pl HCV-c Fikr
(500 ng/pL)+ siRNA—HCVe 3 pL (50 pmol/pL),
555 HIRSE 2 32, BRWATIRS) , @5 HL 5 32 T18
TCH M EP4F, B H EP AP INA 250 plL i Opti-
MEM JC IfiL 7% 1% 57 3} Lipofectamin 2000 6 L, %
R2155 min A BPEE I T BORLEL siRNA A9 TG 1L
R FRFEEF AT Lipofectamin 2000 [ W 1%
A IFRERATYS)  F IR E 20 min, @KL
Fr i ARG SR A5 1 mL PBS 3R, 25 (0 IR 20
BIA 2 mL ) Opti—-MEM JC IfiL 7% 15 55 5 | HAv it e
B TN A 1.5 mL # Opti—-MEM JG IfiL 75 15 57 3k |
TR 5K S A2 Gl W28 T T A6 R 1 B L
INOTRASEFRA AR S 55 . 7Y 6 h J5 il
B 10% G2 M5 ) DMEM 3537 5L4k 435 5%
1.3 KIwsréA R AR

SEG A 6 AL EE 1 A FIXT IR 5 2 4
A ORI YL 5 3 4l HCVe FikifE YL ,
%5 4 419 HCVe+siRNA-NC B YL, 55 5 44N
HCVc+siRNA-HCVe 5420 5 6 44°8 HCVe %%
YerAGA90 KhFRL , 55 6 LLANM, 7E5L YL 24 h 5 im
A AGA90 LA EE T 25 pumol /L, SN2l i &
HE,
14 RXEHBEURFEWAFTARARIE

YNAAL Y 48 h i, (R EAHZEDOE WM T 0
F2 GFP 9ENFRIB R G Jo A ML A28 o
1.5 Western blot # il HCVc,stat3,p—stat3 #A
cyclin D1 EAXRIE

YR G 48 h S HE UL BRI, K6
FUBCE Tk b, A Y PBS TEE 2 i |, S
PBS, HELINANMI 24 RIR 5% (RIPA . PMSF=1 .
100)60 ~ 80 wL, HCE 7K F 30 min Ji5 5 40 Ml K
ST EP &, 4° 14 000 r/min (2424 8 cm) ,
B0 30 min 5, W VS R M FE SR, BCA
VR I B S 4% 20 pL FREIR R 238 B4 20
pL ERER P SRR B 50 pe, SxEE I L AEGE u
W4 L, FAEFUH RIPA BF,95°C 10 min 28
P, 4 12% SDS-R NIk e BE I L ik e, F5EN 2
B IR IS . PVDF LL 50 o/L RS
B 1~ 3 h, A —$IFE ., 2 TBST 3k
10 min x 3 W, MAXRP) 40, ZERME 1h,



500 IR A (A B4R

%345

1 HepG2 M2 pEGFP-N3-HCVc 353 48 h [R5 e fn @ se E A

N\

it

Fig.1 Fluorescence emitted by HepG2 cells 48 h after transfection

A fluorescence; B: general light (Original magnification: x 400)

TBSTELSE 10 min x 3 ¥, ECL k24 & A7) & i
NS
1.6 if =X 40 B AR 46 i £ B 2 B

UGG 48 b J5 , WCAE AN, PBS il £ Ak
AN, 750 mL/L B 4°C[E 5 i 0, e
Yiffa 2t PBS PEUk 2 Ik, EEIEAME TN PL YR,
FIREE 30 min, AN TER 5
1.7 MTT k&N Z8paiEsE

U T P50 A4 K HepG2 4, LAZH %%
BER 1 x 10%/mL 2R F 96 fLAR, 537 24 h, 4y
70% ~ 80% & 5 , e Yt H 9 BT kL, 43 F HCVe JiT
W2l 25 ORI YL A, 28 O IR A, B TG R4
BiF% 24 48 .72 .96 h J& , B RS IR, e A TC Ml
DMEM ¥% 72 200 wL/fL, JF&FLInA MTT (5
mg/mL) 10 pL, 4kZ2155% 4 h, 35 RS, BAL
A DMSO 100 wL, B8 K _EAK#E R 10 min,
il 25 & ) 300 % i O 1 B S 12 KL 490 nm
DA A A TR Y B (A ML, DA AL 335 41 i 7K
SRR 3K,
1.8 ZritFEabid

R ESE 3K, B UIIE « brifE 22k
7N, BEHGEH AL SPSS 13.0 #ET8E 400
KHBNZE T 200, L P<0.05 HEFALIT

2 % R

2.1 YRR
AL Gy 48 h J5 Al WA Z 458 Pk GFP 45

PN FRIR RGBT (F 1A B)
2.2 HCVc RiEEE

Western blot 45 W 7~ . ¥ 4% HCVe i ki 1Y
HepG2 4l g vh n] B 18 & #1145 HCVe & H IRk,
iYL s Tk ) HepG2 4R 1P R UL HCVe A Y
ik, FWE HCVe RN 1Y 2 B 2 18 ook 7%
YRy, HH HepG2 dlffid %38 HCVe (& 2),

Veclor HCVe

tubulin

2 Western blot I8 i B B #5241 & HepG2 UK IX
HCVe
Fig.2 Western blot analysis for the expression of HCVc¢
in transfected HepG2 cells

2.3 HCVc X stat3,p-stat3 #1 cyclin D1 & H
FiERI N

2.3.1 #:3 HCVc #f stat3  p-stat3 F# cyclin D1 &
b Rk 8%l Western blot 255 UNE 3 Won, 5
YLifiiid #6355 HCVe (9 HepG2 4RI A | 23 2 s e
2R Y B R ALY p-stat3/tublin K
{8 b B 43 9] %2 0.16 + 0.06.0.26 + 0.10.0.84 +
0.18, stat3/tublin K FE{H HL1H 20 #) & 1.75 + 0.11,
1.68 + 0.08.1.79 + 0.17,, cyclin D1/tublin JKFE{H kb
1B 4391 J2: 0.29 + 0.16.0.40 + 0.20,1.10 + 0.06, 5
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23 A NZS Boni i Le g, (AT HCV ¢ Bipidd
A HCVe HH BRI, p-stat3 I cyclin D1 B H
KO T8 R L Y 2 (A IR AL, 25 5%
HE 5 L (N =3,P<0.05), M4 A sta3
IZRR T E (N =3,P>0.05,[K 4),

blank veclor HCVe

HCVe

p-slal3

stat3

cyclin D1

tubulin

3 #HF HCVc 3T HepG2 4AE stat3, p—stat3 F1 cyclin
D1 BB RIEH T
Fig.3 Effect of HCVc transfection on the expression of
stat3, p-stat3 and cyclin D1 protein in HepG2 cells

2.5 O blank
E a2 2) O vector
g m HCVe
al.s
: b
£ 1
Z05

0

p-stat3/tublin stat3/tublin cyelin D1/tublin

B 4 % HCVe Xt HepG2 ZHAA stat3, p—stat3 Fll cyclin
D1 EERIEHMEEE
Fig.4 Quantitative figure for the effect of HCVc
transfection on the expression of stat3, p—stat3 and cyclin
D1 protein in HepG2 cells
1)P<0.05;2)P > 0.05

2.3.2 &M HCVe #f stat3 p-stat3 #= cyclin D1 %%
G E ik 89 Western blot 255 UNE 5 Wos, &
G HCVe BURid JEH gL HCVe+siRNA-NC 21t
YL HCVet siRNA-HCVe ZH A9 HCVe/tublin K J&
{H FC{H 48 )2 1.27 = 0.32,0.82 + 0.26,0.32 +
0.12,p —stat3/tublin JX &£ {8 . (H 43 5 & 1.17 =
0.16.1.05 + 0.12.,0.20 + 0.08,stat3/tublin K i {H

FEAR 43 3 2 1.49 + 0.26.,1.49 = 0.12,1.47 + 0.08,
cyclin D1/tublin W FEAE U AE 43 9 2 1.29 + 0.29
1.31 £ 0.22.0.65 + 0.15, 5%5Y% HCVe 21 F%k Yy
siRNA-NC ZH b #2, L4 4 siRNA-HCVe 41
HCVe . p-stat3 fil cyclin D1 #8 H /K 2 F1K T
YL HCVe H ML YL siRNA-NC 4, ZRA4% 31
R Y (N=3,P<0.05), %A% 5 stat3 fU3I5T0
WA (N=3,P>0.05), 458 E£W siRNA-
HCVe A A 8GR HCVe 3635, HCVe A5 F G,
p—stat3 Fl cyclin D1 5 FAEIEJN F U, 1M & stat3
) ZRRTC AR (E 6) .

HCOVe siINA-NC siBNA-HCVe

HCVe

peslal3
slal3

eyvelin D1

tutulin

B 5 &k HCVc 31 HepG2 4HAf stat3, p—stat3 FA cyclin
D1 EHRIXH M
Fig.5 Effect of knockdown of HCVc on the expression of
stat3, p—stat3 and cyclin D1 protein in HepG2 cells

W 1ICVe
2 Z aiRNA-NC
B siRNA-IICVe
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.IICVca’tu.b].iu p-stat3ftublin  stat3/tublin cyelin D1/tublin

Ralin of gray value
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6 RiE HCVc 3 HepG2 4Af stat3, p-stat3 F cyclin
D1 EEREXMEEE
Fig.6  Quantitative figure for effect of knockdown of
HCVec on the expression of stat3, p—stat3 and cyclin D1
protein in HepG2 cells
1)P<0.05;2)P > 0.05
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2.4 AG490 4B 3T stat3,p-stat3 # cyclin D1
EARIENF MW

Western blot 45 5/~ W& 7, ¥ 4% HCVe Ji
g | #5YE HCVe kL +AG490 4b 3 4H i) HCVe/
tublin B BE{H HAB 4> & 1.37 £ 0.30.1.16 + 0.24,
p-stat3/tublin JK B HAE 4> 512 1.58 +0.17,0.21
+ 0.12, stat3/tublin K JE{E FCE 53 9 2 1.28 +
0.26 .1.31 + 0.15,cyclin D1/tublin &K J& {8 F 1f 43
S 1.96 + 0.19 .1.24 + 0.09, 45 S48 B] AG490 4b
AR E 4t e 3k HCVe B HepG2 4L 1 p—stat3
Ml cyclin D1 FE A RIK, 2R A G FE (N =
3,P<0.05); {HIZIFAFM HCVe AR stat3 3R
ik, ZR LG E X (N=3,P>0.05,&8),

HCVe HCVe+AGA90
eyelin D1 Ih .

B 7 AG490 4bIE3T stat3, p-stat3 # cyclin D1 EB RiX
HIR R
Fig.7 Effect of AG490 on the expression of stat3, p—stat3
and cyclin D1 protein in HepG2 cells

2.5 HCVc 3t HepG2 4 Al &Y 28 At JE) A K 41 B 1%
A

ARG R BN, 25 B4 41 G0/G1
WIh (79.33 £ 1.3)% ; HCVe JFhi 55 YL 4 40 il GO/
G1 JHFEAG, }(60.17 £ 2.5)%, HCVe BUkifs i
Ui S W K G2/M AN B (& 9) , 345 R %L
PI=(S+G2/M)/(G0/G1+S+ G2/M), A] LLFE
HC Ve JURLG GL 21 () 240 e 3 G i 45 538, $2m
HCVe & AR SEAN 345 (N = 3,P < 0.05) ,MTT

O HCVe

25 B HCVerAGA90 5
2.0 1)
5 2 2)
E, 1.5+
=11]
< LO-
£
= 0.5
=
0 L L L

HCVefiublin p-stai3/ftublin - stat3/tublin - eyelin D1/ublin

B8 AG490 4IP3t stat3, p-stat3 # cyclin D1 & A&k
5 n 7E £
Fig.8 Quantitative figure for effect of AG490 on the
expression of stat3, p—stat3, and cyclin D1 protein in
HepG2 cells
1)P<0.05;2)P > 0.05

SRR HCVe ORI Y] 25 ORid] 25 F 24
JE AR T ZAR L, fEARTR] A E] B HCVe Boki%
P WO T i 22, WO MELIR] % 40 i Bn e
o, BB HCVe BORLEE e 2 20 M AF K 3802 ) 1
PR (151 10)

ITepG2-vector Hep2-HCYe
G0-G1: 79.33% GO-G1: 60.17%
5 13.79% S 27.39%
G2-M: 6.88% G2-M: 12.45%

value
value

0 20 40 &b R} 100 120 0 20 40 a0 80 100
Channels Channels

B9 HCVc #Zext HepG2 40 B fE HA #9220
Fig.9 Cell cycle changes of HepG2 cells after HCVc¢
transfection

A: HepG2-vector; B: HepG2-HCVc¢

3 i #®

STAT (signal transducers and activators of
transcription , {5 5 1% T AL SE PG A1), 2 —28
IR RN T, B T AR statl, stat2,
stat3, stat4 , statSa , statSh, stat6, stat3 J& STATs FKi%
R Z— , S5 MME R ol B B PER A &
PR T ) A5 A BRI R 0 PR s L LR AR 2k
TRAL Y stat3 (p-stat3), JAK (just another kinase B
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3.5 1
—=— hlank e
- 8- yeclur AT
3.09 - a- HCVe o
£ 25
=
= 2.0
1.5

1.0 T ¥ T 4 T g T
24 48 T2 96
i’h

B 10 HCVc ##xt HepG2 4058 K 510
Fig.10 Cell viability of RBE cells assessed by MTT assay
after HCVc transfection

Black line: control group; Red line: plasma transfection; Blue

line; HCVe plasma transfection

janus kinase ) /& —JS 4R Z IR R R P X%, &
RO 1 5L, B JAKT JJAK2 JAK3 F1 TYK1,JAK
I RN Ky STAT, stat3 18 i HER & R 1 S i 1k
B JAK BERRIL I BOE R p-stat3, B0 1Y stat3 DL
TIREMIE A A A, TR IR () S R
K, stat3 9 5 IROTE AT BN i S AR DR
Ak, S5 M kA KRR BRI, IFE
KA TR ISA stat3 SEZE SRR RO BOE %
GREIN hy  N A Mg % A6 ) R RS S B
s HCVe X stat3 WGP IEIEVER, RATRA L%
KT RNAI B BRI BRI AR ST, 45 50 R it &
iK HCVe AT 5|2 HepG2 4 ffd HH B iR 1k stat3 ik
ThEr, AR stat3 AUFEIL,; MR HCVe %34
& , BEIR AL stat3 FeikblE 2 TR, 1B stat3 f 523K
ARZ 50, W HCVe 78 HepG2 40 H7EAE |
W p-stat3 FHHKFERAER, BA PG stat3 £
(INEE, HCVe A i% 1L HepG2 I8 JAK/STAT3
A, AT RE SR 0] p-stat3 Y25 B AR Ak i 2
FHE stat3 BTEAIE X, WA AT RE Il  FH S I
TR FABEVE T stat 01 SRR 5% IEIE MG AL stat3 J
A p-stat3'®, MM ICIR AT FRAILE] , B 2 KR 8 i b
ALY p-stat3 T LAY — SR AA & Az 200 I P9 5 o7 3k
A% | S I A R R 2 S B ik )
stat3 BN RIS, (HEAR G A TES]
ACIRAAE TR o O T U O [R5 3 i e S

L DR ) 1) 2R 38 SR i Jie e e A R R, 0 R 44
HH eyclin D1 2 A A — AN SCHERE L 15T 21 fifg
FAWIAT 23k GO/G1 .S G2 K M YA BE , FE4 4
F 30124 A A (] %) JRLADI 2 1 T 45 2 A T ) S 3
BB EFE A A 3 AN TR I B & A E T . eyelin DI
FEIETT G1 W) S MRy, © R I E i
#BA cyclin D1 1Y =334 cyelin D1 3818 94 757 44 g
JE I 2 G 24 FIE B LIRS, AN AR AE AN 14T
ST SAHEFE  E ZIE R s AT R IR, TR 3Rk
HCVc Y HepG2 4, eyclin D1 A AT & 7E
R4 HCVe B IR G eyclin D1 AU AH AT
&, 5 p-stat3 BARFL AR — 2, 1T stat3 AORIEK
IR WL E] S Cyelin DI A — By fa#, £ B
HCVe AJJA#% stat3 N iFHE K 79 cyclin D1 & 1
M I8, TR cyclin D1 FIK B9 /& p-stat3, BI ¥
) stat3 .,

stat3 38 TG A0 5 iE JAK S0 S8 0E
A CHOL JAK/STAT 482 (12— A P M 41 iy
HNEANBAZ A5 5 5 S I B b JAK AT STAT
AN ZARAZE S B, AT 58 U BT B A%
WG S5 500 AG490 J& JAK BB YR S
il 70, AT BEWT JAK SEEEE P , B0 stat3 30 B IE AL
AR F AG490 Ab ik F3K HCVe 1Y HepG2 4
f )5, p—stat3 Fil cyclin D1 FRIKKFEE AR L AG490
b B ) B e 28 BH B R [ stat3 AT HCVe B9 3155
KRR, 2 W LT JAK SRR IS M, T3 stat3
i A TEAE R eyelin D1 Y IL

WFFEIN R, IR %) & A 5 200 ] 30 R 240 ik 1)
SIS B U O R 2 A AR 2
(B 9) SRy HCVe 1Y HepG2 2 i J& 4 rp
G1 I 4n g /> ,G2/M Je S Widn s £, £M
HCVe {23k HepG2 4HAH G1 WI#EA S 1, nth
Y1 e FE A R A TRT 10 WBAIESE TR YL HCVe iR
HepG2 43S RE S 3 M, $&/R HCVe A e i
1200 i S A R R S AN G 5, S5 R A 1)
K,

2z b, FRATTIAA HCVe TG 1L JAK /stat3 55
S5 4% 1R HepG2 4HHE A cyclin D1 () 335
A R T g A0 R P L E AT
e AT stat3 1 R 25 W sl G T 19— HE AT
WL BEWT S stat3 300G W15 5 5 Sk e s
T stat3 50 LD (9 45 G T TR I VR YT FE
rE,
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