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TR A H LB B B0 b F A, Z AR A R BENS3/AAST 40 it B T A DNAAR 4 B - (DNA-damage
response, DDR)# % 7f), 4"£Huh74[ﬂ L KA TSP RNS3/4AK H . @ EDAPIE & AoMTTH 7 B &,
I R R IANS3/AAR 2k FmIe ey BT 3G A E H o) T, 98 %A m 4 R & 9, NS3/4A+T B
538 A g i A TR MEDNASUAE BT 24 (double strand breaks, DSBs)4i 4% (YH2AXE & A &); it —F A
X-ray# 3 48 91 B A DSBs#i 17 &, 4h Sk R ANS3/4449 tm e, B 7 i B R 49 DSBsR A4 15 2 4k 14 (R
ZHYH2AXH: 2K 1), SR PP kA 4 R 25, NS3/4A T 49 4) &4t 4% (Camptothecin, CPT)# %
A9 ATM % | 98145 44 R B4 449 % +ﬁx1”c(pATM1 981) Vb5 R AR, NS3/4AR B 91 Sk R AT 5| A2 4m it
DNA# 4%, 47 %] ATMA~5- 49 DSBs 1% 15 & Pt B T B 3R AL

XK§Eim  DNAHKI; WL R DNAXX%Lﬁz%; L5 M E 3/4A

Over-expression of HCV NS3/4A Influences Cell Apoptosis and
Cellular Response to DNA Damage

Ren Laifeng'**, Tang Zizhi*, Wu Huiwen’, Xu Ning’, Liu Gang®, Zeng Ming?, Guo Liandi**
(‘Department of Medical Laboratory Science, Fenyang College of Shanxi Medical University, Fenyang 032200, China;
*Developmental & Stem Cell Institute, West China Second University Hospital, Sichuan University, Chengdu 610041, China;
*Department of Oncology, Fenyang Hospital of Shanxi Province, Fenyang 032200, China)

Abstract NS3/4A is a proteases complex encoded by hepatitis C virus (HCV), which is essential for the
replication cycle of HCV. In this study, to investigate the role of NS3/4A in cellular apoptosis and response to DNA
damage, the HCV NS3/44 gene was over-expressed in Huh7 cells. The cellular apoptosis and viability were deter-
mined by DAPI stains and MTT assay, and the results indicated that over-expression of NS3/44 could remarkably
induce the apoptosis and decreased viability of Huh7 cells in vitro. The expression of YH2AX was determined by
immunofluorescence (IF), and the result showed that NS3/4A could induce DNA double-strand breaks (DSBs) in
Huh7 cells. In addition, the results also showed that over-expression of NS3/44 resulted in a marked DSB repair
defect after treating cells with X-ray (prolonged existence of the YH2AX foci). Furthermore, we could also detect
decreased activatory phosphorylation event (Serine 1 981) of the protein kinase Ataxia-telangiectasia mutated (ATM)
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after Camptothecin (CPT) treatment in NS3/4A expressed Huh7 cells by Western blot. Together, these results indi-

cate that over-expression of NS3/44 gene can lead to increased levels of DNA damage, inhibition of DSBs repair

mediated by ATM, and activation of the apoptosis pathway in Huh7 cells.
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SAN S EE R AL IR /N oy T, SNS3TE Rk E 1
HEM, EANSIE AR 10 SR,
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puro. Plv-Green-NS3/4A J Plv-puro-NS3/4 A4 Sy AR 512
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80%~90%[¥THuh7 41 g, 848 [f 15 75 5L, A3 4% 5%
T SR 492 pmol/LITICPT, 7% (6] 41 I DMSO
G CPT, kS5 IR 41 M43 JIAE N 241 hFH3 b ke
iR/

X-raysb Bl A< 2705 BEIA80%~90% (1) Huh7
A, FERHIROEHLT AR BT 7, I3 AS b B (1)
TR AL, Ak R4 T AR AR RS 1, 4, 8,
12 hISCFER I o
1.2.4 Western blotsy#7 Z I SCHR[10]17 7712, T
BANR AR HUh 740 i FH RIPA 20 it 284 fift i 4 A 40 it
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RGO AW SRR E O R EAS
SDS-PAGEZ} & J i 8PVDFII |, 2 3 (5 5%
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eI AL LR

1.2.5 RIAREARER  ZHSCHR[10]19 7715, &
TR K Huh 740 MR R A BIC b, 7 JeAt
JFURL, %% JL48 hf5 AL WORE B DNAT 15 b B (5
N FEA) 5 4k S5 R I T R I ) s =
T HIPBSERVEAN A, 4% % 5 FH & (PFA) [ %2 10 min,
PBSTEYE; F££0.25% Triton X-1003# 1% 4L #5~10 min,
PBSYE; TFEf 413 3 14130 min, 1 & 7 56 5 F 4 5+
PE—HURISE O F AR C I - H137 °CH 3% 530 min,
B E 5 FIPBSIRVE; 555 FIDAPIR Jv, %0t i
BENWEAR A R U En B yH2 AXAE s %L
(10040 /AR 21, FFE3UMNT S T 5 HP 34 (E
12,6 @ieATHad  $EREITTE12.500 0 AL
AR L, I DAPLEL (A4 fih% . ¢ WAlEe WL
I, AL MR REHL T EZ 5004 41 g, 43l
SR IE A0 B CRZ 8 5 40 00, 3 €6 ok 359 50 Wi (2) B R
AT RAZIAGA TN, 648, Jeriiita, 2355

A Ordinary microscope
( ry P

Plv-Green-NS3/4A

(B) Plv-Green

NS3+DAPI

10 53 IR RCESCRS RE AR B, JF 28 = O SR 5 T
AT R

12,7 @mfefdZAan K240 7
R I 25 Plv-green(X) FE 2H) FIPIv-Green-NS3/4A (3£
B 20 ok 85 k24 b HUh 740 i, LAS 000/FL H 55T 22
FlFo6fL 40 ik IR b, BRAL B e SR AL, IELRE
FE72 WE KA MTE ) o TERF R4S W74 h, TERELAN
J I N0 pL B 5 FE 3 FRIMT T (S mg/mL).  $%
FREE WG, B BREE IR, 4B LA IR iR (150 pL
DMSO¥ T, FEAEREFR AL 1B 41 f 7E490 nm (1)
WG FEAEL(D) o T35 A AN (SAN 7 AL (17 ¥ DA,
LA FE 2 40 B PRI A7 3905 2 S 100%, U] S5 56 2H 40 Jfd 1) 47
TR =L 4L DIE/ A R 4 DAE) < 100%.

128 “itoAr  HISPSS 18.048 v 4 A 1E 47 44k
AbFE, 0 A B 22 1 B SRR, BB Y
A5 W), 20 ELA Y FH < U7 43 i, BAP<0.053
INEESE R, P<0.01 4 2 0

2 Z#R
2.1 PIv-Green-NS3/4A = ¢A & %i £ Huh 748 ffg &
RYRIE

Huh7 40 Jitd 5% I 4% %% Plv-Green #1 Plv-Green-
NS3/4AH A Fiki48 hfa, K H %'t W i e Wl 4% 1 4%

Fluorescence microscope

Plv-Green-NS3/4A

A: 48 hIBEE I (7o) F148 hud LB (1h); B: Gefie 9 6RHCV NS3/4A% 1A, Plv-Green’% 4Huh 741 Jf( /) 8iPlv-Green-NS3/4 A% ¢ Huh 741 . (47) o
A: ordinary microscope (48 h, left panel) and fluorescence microscopy (48 h, right panel); B: the expression of HCV NS3/4A was detected by IF. Huh7

cells were transfected with Plv-Green (left panel) or Plv-Green-NS3/4A (right panel).
E1 Plv-Green-NS3/4A7EHuh7£0 B9 50 SR R 1% (100%)
Fig.1 The ectopic expression of Plv-Green-NS3/4A in Huh7 cells (100x)
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J&i, AJ W.PIv-Green-NS3/4A F 21 JFORL % 42 () 41 fINS3
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A5 TGN b, T TR PLv-Green G 1 441 Jifa I
A BINS35¢ H( 1B) . Western blot(F) 45 J 5 1F
— 3, R A Plv-Green-NS3/4 AT 21 i $r 5 JL (1) 41 ity
A RIANS3HE [ (K2). LA &5 & H], HCV NS3/44
S AT fEHuh 740 i A 2K aA .

2.2 HCV NS3/M4AERF SR FIEFTHuh 740 BT
EEERNI

Huh741 § W% W % 4Plv-Green F1Plv-Green-
NS3/4AHE 21 5 kid8 him, W5 41 il ZEDAPIH: {4 4
iR A 96 e BB N W R A R o . &
K B, Plv-Green-NS3/4A %% Gy 41 41 Ju I 72K N4
(18.3343.06)%, XJ [ 51 KiPlv-Green’% %% 41 41 Y 1
TR A (7.3342.52)%, i # 0 T2 %W T e A
(P<0.05)(K3).

AT HE— 25 K FAIMTTVL I & THCV NS3/4A
XTHuh740 f 14 56 7% 5 52 md . 45 BRI, 7E964L
B R 2272 his 9% )5, Plv-Green-NS3/4A%: 4k 41 41 i
DA 43(0.5240.02), XJ [T K Plv-Green®% 4% 20 41 il
) 24 (0.63+0.02), P41 LA A7t 3% 1 22 R(P<0.05);
550 REATAH LU, NS3/4A7 15 4 A0 B A7 30 R PR T
16.56%.

Plv-Green Plv-Green-NS3/4A
CPT (h) 0 1 3 0 1 3

CEs s e Tl s
ol L e .

JFORE 3 Yt (1T Huh 741 W 25 CPT A H 6 AR A B Ji5 £ A1 14 IR i) i
TR A M ER L G 0% EZERT IpATM 198 LRTHCV NS3 % ([ KA
Ko

Total proteins were extracted from plasmid-transfected Huh7 cells at

PATMI1981

indicated time points after treating cells with or without CPT that used to
determine the expression levels of pATM 1981 and HCV NS3 by Western
blot.

B2 SMRFIENS3/4ATH Huh TH AT MY EEER 1L
Fig.2 Ectopic expression of NS3/44 disturbed the
phosphorylation of ATM in Huh7 cells

2.3 HPRIFJIENS3/MAAT AHuh74FEDSBsIR A1 E

I X-ray &5 5T K % 4 M Huh748 M, JF M
YH2AX G J ¢ 6 G (0 0k VF A 41l g (DS Bs i 47 18 52
SRR, 4 RN EAARIEIABFT 7%, A AL ) 240 o
AN 77 A b /b FyH2AX foci, {HPlv-Puro-NS3/4A%E 4t
A HuyH2AX fociH] W 22 X 2 (P<0.05); &b 2E1 h
Jii, A5 AN BYH2AX foci %534 1 AR HL 1 41 18] I 1
W75 e M AL B4 h)E, 6 2 40 B 1 yH2AX foci%l
SRR, M Plv-Puro-NS3/4 A %5 4 41 41 i friyH2 AX
focifik /b ¥ 402 -5 BE 4, (H AL LL A e e vl 2%
5 F(P=0.07); KbBES WF, HIRL1 A1y H2AX fociEl
W] {2 /> FPlv-Puro-NS3/4 A %% JL 41 41 Jfd(P<0.05); 4t
P12 hJim, W4 40 Mo iyH2 AX foci OB AR, 1M
Plv-Puro-NS3/4 A% G4 41 44 Jfi (¥)yH2AX focifli iR %,
PR AH L3R 22 e G B 5 (P<0.01)
2.4 HMRFIENS3/AATFHHuh72HBEATM B BEER
iEK

FATI K HICPTAL 2 41 i 5 S DANS 1, I &
Western blotff] 77 V5422 73t T HCV NS3/4AX] 4 Jifd
PATMI1981 3 K- 1) 5% Wi . 45 5 &I, Plv-Green-
NS3/4A%% 3% (FHuh748 e 7] LA A7 20 3 IANS3 8 [
R L AR5 AL BRI, Plv-Green-NS3/4A%%: e 4 40 iy
PATM19817K - i -+ %f L 4L 1 CPTHE 2L &b 2 41 iy
3 hJm, P41 40 fpATM 1981 7K V- B & Tt w1, {HPlv-
Green-NS3/4A %% G 41 41 o () pATM 1981 7K ~FAIK T+ XF
HEZH 20 (1512)

Plv-Green-NS3/4A

(A) . PV-Green (B)

A: X R PIv-Greenf% YtHuh741 Jid; B: Plv-Green-NS3/4A % 4
Huh7411 /.
A: Huh7 cells were transfected with Plv-Green; B: Huh7 cells were
transfected with Plv-Green-NS3/4A.
E3 SMRFIENSIH4AE M Huh 740 B A T (DAPLEE &, 100%)
Fig.3 Ectopic expression of NS3/44 increased Huh7 cells
apoptosis (DAPI staining, 100%)
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(A)
X-ray (2 Gy) 0 1

Plv-Puro

Plv-Puro-NS3/4A

12 (h)
) (B)

70 ;

7 60

50 1

£ 40 1

e 3 304

mPlv-Puro
OPlv-Puro-NS3/4A

20 1
10 1

yH2AX foci per cell

0 1 4 8 12
Hours after X-ray (2 Gy)

A JFURE e Bt (FTHUh 741 M0 28 X -ray 2 P ol AN Ak B i A6 AT N TR IR 1) 5 SORE 2, 48 S B 9L B ta(yH2AXHL )5, o 4l JilyH2AX foci; B:

YH2AX focit 7 #r, #P<0.05, **P<0.01, 5Plv-Puro# LL#%.

A: plasmid-transfected Huh7 cells were fixed and immunostained with the YH2AX antibody at indicated time points after treating cells with or without

X-ray, and YH2AX foci were determined in cells; B: computational analysis of the number of YH2AX foci, *P<0.05, **P<0.01 vs Plv-Puro group.
E4 SRR IENSI/4ATH Huh 74 FEDSBsiR 515 2 (1 000%)
Fig.4 Ectopic expression of NS3/4A disturbed the DSBs repair of Huh7 cells (1 000%)
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