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[ Abstract]  Objective To investigate the effects and mechanism of hepatitis B virus x protein
(HBx) on human hepatocellular carcinoma cells proliferation. Methods FEukaryotic expression vector HBx-
pEGFP-C1 was constructed. HepG2 cells were transfected transiently using Lipofectamine 2000. HBx
expression in transfected cells were measured by RT-PCR and Western blot. Cells proliferation and apoptosis
were detected by using growth curves and TUNEL staining. The protein levels of caspase-3, p-p38, p-Akt
and p-JNK were measured by Western blot. Results HBx was successfully expressed in HepG2 cells.
Growth curve result showed that HBx promoted cell proliferation (:=-0.8999, P=0.012). Compared with
control group, the levels of p-p38(24 h) (t=- 11.058, P=0.0004) and p-JNK(48 h) (¢t=-15.022, P
=0.0001) in HBx-pEGFP-CI group were increased significantly. There is no significant difference between
the two groups’ apoptosis. Conclusions  Transient overexpression of HBx promoted human hepatic
carcinoma cells proliferation and activated the p38 and JNK signalling pathway.
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HCC) 1Y &0 AT [ K 4 fh g 4288 m, Horp IFAIARAE S 15 5 OBBRARIE R T 40 B 7 =2k 4%

HBV e 2 HEH D HBV X L (HBx) & i,

HBV Jii 8 5 R 28 v /N B iR e A HE AR | 2 e i WY A& IR 22 24 )7 3% 4k 28 1 B8 ( mitogen-
DL HE A A 32 356 R 2H R P ) 12 HE |, 4K 462 bp, 4 activated protein kinase , MAPK) Akt ( 25 H M4 B, X
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PR PKB) 8505 5 18 S 0 16 A 8 T i A= i f v A
FEF, p38MAPK Fil c-Jun % 5E K i i ( c-Jun N-
terminal kinase ,JNK) /& MAPK FJ% 3+ % il 51, INK
LI R W0 T R AT 300 0 i A i 2 PR M 382 ) 22 2 IR
IR E IR AL b TR A AR R TSR 2 R AR
BEROR B AR P R A EAE . p38 MAPK A5
G NS ER T CA ER KT L7 W S a2 ) SN S A
WAR T RS AL AKT R B IR I UL B 3
( phosphatidylinositol-4, 5-bisphosphate 3-kinase, PI3K )
TUHES 5 F, S MAE NS KT T AR
A A ME R HepG2 Yt HBx M) B A% £k
AR HBx-pEGFP-C1 (34 i B 4% (4 5¢ % & 1,
enhanced green fluorescent protein, EGFP)  #ff5Y p38 .,
INK Al Akt 7 HBx e e 9 AT 41 g 38 i 3 e v 5%
K AT FRL AR HBx LR S A A P A O 19 23
T

1 #R57EE

1.1 ®XF  pEGFP-C1 J& kit A< 52 56 =5 {4 17,
HepG2 W4 3K [ - ifg R} B AE d Bl 2% Bt , HBV DNA
MG R K = FBH & R85 1l 3 4 42, Taqmix /i
(Tiangen A F] ) , Dnase . RT S 5% 5% il 7 & . N V) B
Hind1II 1 Kpnl( Fermentas 2N H) , 32 [E ) | DNA #E$%{
F & (TaKaRa 23 7, Ki%E) , RPMI1640 4 il 1% 35 W
FG AR M35 ( Gibeo, 21 ) , K732 4 DHS« 5 Gt
77 & Lipofectmine 2000 , £ 4 24 % W ( Invitrogen,
), ok & (Sigma, £ ) , HPi A HBx
HrEREUA HRP ARic £ 40 % =t (abcam, K H) ,
16 A A T AR TR A IR AR 5E
1.2 HBV DNA BRI IR Z K = FH &
FARBEA I, 255 3 000xg 250> 10 min, W2 HHT 6 1
15 100 wl TICWH EP B N, 2R FH A0 2k ™ ks 4 BB
AR UL 534 HBV DNA | -20 CAE7ERFH .
1.3 HBx-pEGFP-C1 [RHIFIHIE PCR ¥ 14 HBx
A B HUL wl HBV DNA FEM#EAR 2 pl HBx | R
1% (10 wmol/L) ( HBx-F: AAGCTTATGGCTGCTAG
GCTGTGCTGC; HBx-R: GGTACCTTAGGCAGAGG
GGAAAAAGTT) , 12.5 pl Taq mix, 9.5 pl ddH,0;
PCR JZ W 2 J¥: 95 C WiZE 1 5 min, 94 CAEHE 1
min, 65 CiE K 50 s,72 CIEAH 40 s,30 MEH, 72
°C 30 min,4°C 5 min, PCR ;=¥/KFH kG, Bk
B 477 bp 0977915 Bk pEGFP-C1 # 17
HindIT F1 Kpnl XY, B 1511 477 bp B9 HBx F B¢

F14.7 kb 1) pEGFP-C1 J Bk, ¥ 2 v b e fih £ ks
HBx-pEGFP-C1,

1.4 HBx-pEGFP-C1 RFIMEFEREE HepG2
LR T % 10% 54 175 B9 RPMI 1640, 5% Y A
1 d 380 12 FLAMIES F2 0 2. 5% 10° DAL/ fL, 7320
AR B EC B, A & 13 A9 OPTI-MEM % 5t
£ FH B, #% B pEGFP-C1 5%, HBx-pEGFP-C1
Lipofectmine 2000 JREARFR BN 1.5 pg:3 wl Lz
Ut HepG2 4ififL,37 CH55% 6 h JE A AT 20%
G- IMLE A9 RPMI 1640 5552, 15 9% 24 h )5, 950t
W N B AR A DO B I R IRE I, R RT-
PCR Hl Western blot JyiE#6 il HBx ik,

1.5 GABIEFEREN 5 COCRF YA .C(FE
23 34K pEGFP-C1 4) Fll X (¥4 HBx E H4) 3
M, R R 3 DEE FYET 1 d 2R 12 fLA
MIdE IR 2. 5%10° AL/ AL, B ey ik Ta) I, 43 %)
Rig% 24 h f148 h J5, 57 138, 1 xPBS ¥ 3 i 4 fifg,
10% % 2 3R 5 A2 30 min, 7K V% 13, 0. 19% 45 5 48
PRI 30 min , ZKBEECE , BT, A 1 ml 10% £
PR WS i 445 i 2%, 43 OGO BE 3 590 nm I 1 O
JEAE,

1.6 TUNEL #f& % C(¥ 2 1A pEGFP-
C1 2H) F1 X (% 9% HBx #E F140) M2, 55 20 [m] s 3% 3
ANEE, TR BE A 6 FLANMIEE SRR DY, e
YUEi 1 d 2R 3x10° AR/ AL, B O O iE R L
SR 24 h 148 h J5 >k H TUNEL 3246 00 2 o 1Y
PTG O, TF 40 5 18 2 HE 40 i U8 T R I ) &
(C1091, = K) W4, FED TR AMEE I 5
24 h, 3 1T, IxPBS ¥ 1 i, 4% 2 5 B < 0 1
30 min, PBS J&¥E 1 3 , % 0. 3% Triton-X 100 #YJ PBS
ZFIRIFE 5 min, PBS VEVE 1 i ,0. 3% A AL EIR W
ZEIRIFE 20 min, iIIA 50 wl TUNEL A6 0 86 15
&I E 60 min, PBS WYL 3 K, A 50 ul HRP 45
WCEMZR TAER, EIREHEIEE 30 min, PBS 7% 3
U, 200 pl DAB I (A3, 2 €5 5 ~ 30 min, 7%
BN ME B AR, PBS LI B A AR M
W (C0107, 3 = R) #Fir % g o, U T WL
il

1.7 ZBEEAFRERM % COCREEYA) C(HEYeas
F1 3k pEGFP-C1 41 ) Al X (55 % HBx 4 )3 4,
BEY: HepG2 #4124 h #1148 h 5,3 7, 1xPBS ¥
3 4R, A 500 pl 2 1247 RIPA (7 2 1
3] PMSF) |, 5% FH Bradford 77 1 K60 25 (4 He B
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AT 40 pg EAM R LR A SxEA LA
ZEPhIE, 100 °C # 5~ 15 min, SDS-PAGE Hi ¥k, %
5% iAE 4= 3 iR B 2 h, ACTB Hi/k (SANTA,
sc-1616R) , caspase3 HUA ( bioworld, bs1518) | p-p38
HUKk(CST, #4511) , p-JNK HiA (CST, #9255), p-
Akt FLIK(CST, #4060) 75 EBFE 2 h, IxPBS ¥
3 3 , HRP Fric ISPt sl & et Bl =9t (Jackson)
ZEHWFE 1 h,1xPBS P& 3 38, LA 100 wl ECL fb2%
KNG, 7E Chem-Doc 1 ( Bio-Rad , £ [#) B, 1
BB S5 R Image-lab #44:2304 B 9 485 196
HIEH,

1.8 ZitEHAE KA SPSS 20. 0 #AF b AT 50dE
Geit2f i, PR ST REAR A AR A IE 2 43 A UL SR FH h
SEREAS ¢ KB, AR HAE S BURG563 AN DL B REAR
KRR R TT 225007, 7 2555 R H LSD Heig gl 2=
S M EATFRH Tamhane's T2 AR R 22 7, P<
0.05 AGit2=E X,

2 #R

2.1 HBx HBERETE BEH J HBx-pEGFP-C1
24 h J& , 50 WA N AR HepG2 4 il Py 2% (0,58
B AR, v LT R 2 440 i ) 68 0 O B A0 T 43
Aii , HBx e e 21 % 5,5 6 1 11 2 BORUIR Ok, 3R 4
KA (E 1), LY 24 b J5 40 RNA, RT-
PCR 7E% 4% HBx 1) HepG2 40 il Py 451/ 5] HBx RNA
(%% 5% , Western blot J5 A5l %% 4 HBx 1) HepG2
YN A HBx HIFRIE (K 2)

A5 pEGFP-C1 (¥ HepG2 40/l ; B ¥4+ HBx-pEGFP-C1 [
HepG2 4iififd
B 1 26 RREE TG HBx 2 F Y HepG2 4iHE (400x)
A: HepG2 cells transfected with pEGFP-C1; B: HepG2 cells
transfected with HBx-pEGFP-C1
Fig.1 Observation of HepG2 cells (400x ) transfected with HBx

protein under fluorescent microscope

2.2 HBx 12 HepG2 fHfEsE il ik Co.C
X 3 HANMIAE 24 h 48 h F1 72 h AYBEF Hh £k &
IR HBx ZH 4 3% 5 i B W 4 v T X BRZH (X vs CO ¢
=-92.205,P=0.0001,X vs C t=-0.8999, P =

A B Cc

s HBx (Mr.17x10%)

S e— — (P[]

A,B,C:Western blot £l HepG2 5% 4t pEGFP-C1 ) HepG2 .
$: Y% HBx-pEGFP-C1 Y HepG2 ) HBx ik
B 2 HBx 1 HepG2 £l PN Y F 1546 )

A,B,C: Detection of HBx expression in HepG2 cells, HepG2
cells transfected with pEGFP-C1, HepG2 cells transfected with
HBx-pEGFP-C1 by Western blot
Fig.2 Detection of HBx expression in HepG2 cells

0.012) ,#&75 HBx & H AEHE W] BAE 2 HepG2 4 iy
MSEFE (K 3 A)

A 14 B 10
- 0 * _ Ooc
= - C £ 8 BX
L X ¥
12 - 2
= 8
= &
= e
g1 ]
= 2
08 . - - o T T
24 48 72 24 48
$ 5 B (il () St ()

ARSI 5% G HBx 5 20 3 51 48 £k ; B: TUNEL ¢ (&
geit LA HBx % HepG2 AR 11520
3 AT AR T LA
A Detection of changes of cell proliferation rate after transfection
with HBx by growth curve; B: Comparison of effects of HBx protein
on HepG2 cells apoptosis by TUNEL staining statistics

Fig.3  Cell proliferation rate and apoptosis ratio

2.3 HBx X} HepG2 A AT KRB &I #id
TUNEL 4L 60 C 200 X 2H 24 h(t=- 2.530,P=
0.065) 148 h(r=- 1.220,P=0.289) =40 }L i)
L], & IR 2 2 () Jo P e 25 5 (1K1 3B, K 4) i i
K i P 2H 40 24 h(e=- 0.472,P=0.661) F148 h(:
=0.409,P=0.703) T 2 [ caspase3 &L Z1L,
BRI WASB SR TR A R IA T R 2R
(E'S) ,$#&/R HBx B H AR HepG2 4HMIH T,
2.4 HBx #i& HepG2 4l p38 71 JNK 15 S 1B B

T 1k B0 3 E R 9 K I HBx 25 (4 HepG2 4 Jfd
p38 JNK Fll Akt {55 B 52 ) , K IAEH 24 h )5
55X BUZH A L, HBx RE6% W] 10 76 p38 5 5l i
(t=-11.058,P=0.0004) ,/EH 48 h J5 5 X} HE 4 AH
I, HBx 2 [ RE % B 2 3 9% INK 15 538 B (¢ =
- 15.022,P=0.0001) , [f] A B 53 i % B HBx 2 [
XF Akt {5538 I AR H (E6) .
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Bar = & - ; : BH _; ':_,‘ . :-,'- | 3 it

B o7 f A <, :;;?» e P 9 T 90% = HCC, HBV J&E /2 HCC

T ¥ RAEMEERNEZ " wgITHaieeka 3.5 12
er———— P I #Y SR HBY 3¢ HCC 19 R B

O w0 B NS LGy FAE, HBx 1R ZIREN | £ T A1
5 b <7 6y o SR R A 1 7R 2 BF 5 % B HBx 8 (176 HCC
% 25 S '@d " e [ & A R e v e 5 S A AR | HES i A0 i ) 3

v 3 L ', B RZERNEER IMAE A L B A R T A

o L IR - :
A B:HepG2 ¥4t pEGFP-C1 24 h 48 h;C D :HepG2 ¥4
Y HBx-pEGFP-C1 24 h 48 h
B 4 TUNEL 326846 0 HBx # Y45 HepG2 40 L 14
T4k
A, B: HepG2 cells transfected with pEGFP-C1 24 h,48 h;
C,D: HepG2 cells transfected with HBx-pEGFP-C1 24 h,
48 h
Fig. 4
transfection with HBx detected by TUNEL staining

Changes in apoptosis of HepG2 cells after

CO C24h X24h C48h X48h

— — — — —— C]SPASE 3

R e RO

1.5

-
(-]
1

AR SR

0.0
C0 C24h X24h C48h X48h

B 5 HepG2 #Jt HBx 24 h #1148 h Ji7 caspase3 Fik/KFE2E1L
Fig.5 Changes of caspace3 expression 24 and 48 h after the HepG2

cells were transfected with HBx
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SEE TR MAPK {5 5 38 B 76 9 09 & A I
R A EEAEMS BT KB HCV NSSA 4 438
I p38 MAPK 15 538 4% 1435 P LA K il i S 20
MUPAT, T80 HCV RRLLi& e, i & I 19 &
A USRS R IR HepG2 AL rh | 23R 05 A 15 14
P miR-181 ZKJE (1 263k, 70 MAPKS i fk F1
p38 MAPK ifitk , DT {2 1k 988 Ay 3 5 1) L A5 R 9
KU AN p38 MAPK {5 5 3 % #% mRNA i
R T+ 19 #E 5, BefB AR U Twisd AN 0
Rz A AR ARHFSE & B HBx & T
WIS p38/MAPK 15 538 1%, 12 0% 48 41 i A9 184 5,
$7R p38 MAPK {553 70 i 2 M 3 5 v Ay o 2
YER il e 2 5 TP i 28 S RS it e
MAPK {5538 I i) — B2 43 2 INK 55

W, C-Jun SR AR I I 1 X Ser63 Fll Ser73 7 JNK
FEMEHT & ARSI, 769 b INK 15530 %%
% ,P53 P21 LUK C-Jun %5 R i 5 A 25T,
N T 845 P46 200 A 348 5 o 300 B 1o A ) ik
RIS INK B85 R Ak 7K ~F BR 8 & T 4B i
AL, o 24 70% IF9E & INK 55 6 4k, iF
FE B INK W6PE S5 P L A5 HBx it b
8 SAPK/INK #1fil Fas /-SRI Al 16 g
4 SATB1 F1 HURP ()RR S 40 1, HF o5t &

0 co

3 C24h

B X 24h

@ C48h
[D X48h

il el I

p-P38 p-AKT

p-JNK

B 6 HepG2 Yt HBx 24 h 148 h J5 p-JNK ,p-p38.p-Akt Fik/KF-2EMk
Fig.6 Changes in the levels of p-JNK, p-p38, and p-Akt expression 24 and 48 h after the HepG2 cells were transfected with HBx
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B HBx & USSR TR A AR AR R
FE I (HURP) YLLK p38/MAPK 15 53 % 411 il 41
Mgy T, HCC ik K INF B (TGF-B) 18
1L (TBRI)/pSMAD3C 5 i 40 fg A= K A5, i
¥R P HBx B4T% JNK/pSMAD3L F14i#l ( TBRI)/
pSMAD3C {5538 B {2 i 20 MU 4 58, HBx 1= 2235 1 JHF
FE A MR D ] INK {55 38 B BB S K . TGF-B A=
K AT O Re , R A58 DR B AR TGEF-B AT INK
{554 S HBx A5G T8 B E MRl >
B WA AT HBV (905 2 & il , i 58 & 8L HBx 7€ E
WA Y B2 A2 b A7 E R, PI3K (VPS34 )/
beclin-1 Il ROS-INK (E5i#l§2 5T UHBx BESRM H
W2 ARSI & P HBx 2K P 1 0% INK 15 538
%, PR T A0 B ) 38 5, A B OR HBx 2R IS
HEM D TF155, €8 &L b B &2
YEH .

AKT( XK PKB) , f& 22 % R/ 7 2 R Pl , 2
TR UL B4 R R R B R B, AKT 78 9 Hh 5 8
W, SRR B R A PR T AT R A O A
5 &3 HBx il i 3%0% PI3K/ Akt {55 %L%ﬁLH
TN MO Y 1G5 AN 56 741 HBx B IS Notehl 15
Il B, 7E e A0 A AR 3R 5K Noteh 1 111 57) BB %
T 96 40 B A 36 K ERK A Ak {5 5005 >
ABFEH HBx 4 Yy A0 M e R A3 Ak 935 1k,
HZRIE R & BA — &1 25 5, TRy e R &
Akt A 3 AFEIFRSEAL 05002 Aktl  Akt2 FlI Ake3™
FEAN R A 50 40 ff 55 75 qﬂ@iﬁﬂ@iﬁ?ﬂﬁlﬂ,%%%
IR S8 53 BT g ik

25 E TR HBx &5 HE0E INK  p38/MAPK | Akt
SEF B> F-15 5 8 A2 A2 T Je A0 6 ) 396 g L%
T T 2 U AR i HCC 1 & AR LR
SN A B A B AR b U R A AR S
A B FNATL AT 9 75 22 IR A B 5% R B, A HE
5% HBV AH G 1) 43— A 07 i SR 97 3 kv
TERF G LA

FlEEMSR A TEE A WA £ P
EETEAER LB SRR IR SRS R PR
55 B B BB GBSO R
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