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HBx &3 COX-2 R E TR FFS/NMRE EFEMTLHE TR
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(HWE] HmY AR RE BN 9% 7 X (hepatitis B virus X, HBx) f9/]N AR5 HBx 78
FoE it B COX-2 LR N F i sh 2528 fad #2 e HAE . Jii: FIH Western blot ,RT-qPCR 45 il
HBx-EGFP-14-19 4iiffd i HBx (1) 3%k ;@1 ] FLBH (KM) /N BRI T # ik 3 5 HBx-EGFP-14-19 21 Jfd & 37,
KA E Fe ik HBx BYshsiny | 3 7E 30,90 ,180 F11 360 d ZbFE/NER ; 1] FH Western blot, RT-qPCR %
HoIE ALY T R HBx 78 JFIE () 23k HE Yo UL5% T 41 4005 PRAFAE ; Western blot, RT-gPCR £ il
A2 COX-2 R LR AU 1 A T AH DG B 7 mRNA FIZR (136K, 858 Mo T
ARG E ik HBx B3 PR 5 2 i o JIF9i s HBx e AVNRUA N 90 d J5 COX-2 BRI+
VEGF 8 1t Al mRNA 238 7Kg Rr 4L b B 2 s & A= (P<0. 05) 5 /N ERFE A HBx J5 JIE AR 98 T F
¥ Bad Bax [ [ BT Fl mRNA 3k 7KFFEAR(P<0.05) , Hrif T F - Bel-2 i) mRNA FIE HKCF T
(P<0.05) ; 2 Jifd JE B F CyclinD1 ,.CDK4 ) mRNA 18 [ )5 25 7K FF 55 (P<0. 05) ; 45T HBx 41/)N
B COX-2 il 7] Sk A7 J5 o] i % HBx Xf ERSEHER . 85 HBx n] S8 &4, HALHI T 6e
5 1 COX-2 R R4 %,
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Mechanism of hepatitis B virus X inducing hepatocellular carcinoma in mice

through COX-2 and its downstream factors
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[ Abstract ]|  Objective  To investigate the dynamic changes and the roles of COX-2 and its
downstream factors in the carcinogenic process using a mouse model stably expressing hepatitis B virus X
(HBx). Methods The expression of HBx in HBx-EGFP-14-19 cells was detected by Western blotting and
RT-qPCR. A mouse model with stable expression of HBx was then established by injecting HBx-EGFP-14-19
cells into KM mice via hepatic portal vein. The mice were subsequently sacrificed at 30, 90, 180 and 360 d,
respectively, and the liver tissues were collected. Western blotting, RT-qPCR and immunohistochemical assay
were used to detect the expression of HBx in the liver; HE staining was adopted to observe the pathological
characteristics of liver tissues. In addition, Western blotting and RT-qPCR were also employed to determine
the expression changes of COX-2 and its downstream factors, cell cycle- and apoptosis-related factors in the
liver tissues, at both mRNA and protein levels. Results The animal model with long-term stable expression

of HBx was successfully constructed and eventually developed into liver cancer. The mRNA and protein levels
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of COX-2 and its downstream factor VEGF were continuously up-regulated even in 90 d after HBx was

transferred into mice and the increment was continued until tumorigenesis (P<0.05). The protein and mRNA

levels of liver pro-apoptotic factors Bad and Bax were decreased (P<0.05), while those of the anti-apoptotic

factor Bcl-2 were increased ( P<0. 05), and the levels of cell cycle factors Cyclin D1 and CDK4 were

increased (P<0.05). However, the effects of HBx on the above genes were reversed after administration of

COX-2 inhibitor celecoxib. Conclusion
regulation of COX-2 and its downstream factors.
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JE % 41 i 95 ( hepatocellular carcinoma, HCC)
JEMEFL B RN AL RS DU A o I
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HBV) A ¢, 181 HBV 1 8% A& £ HCC 1 XU Lt
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55 Z2 P e 40 S S5 L A O T A R AR 15 T R
S HBx 78 HCC By & 2E & o 5 3 p0 4
F A A AIL ] 5 R AE

COX-2 fEy—Fhifs Sl , T M N 5 30k,
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FHME . H HBx R il id 55 COX-2 it ik
BT NG . AT C g8 TR LARGE
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o 40 T SR A/ BRI, A T AT DU R S AR ik
HBx Hysite i), 76 36 b A7 % BRI 95 360 d J5 &
PRFR 3/ BUA T8 72 A o 4 I, A B 59 40 Ao e
HBx 7EEiE i #E v COX-2 e R i HF VEGF AN ]
IHHFGR R AR, S it — 2D 0] HBx J5 PR 7 R 4 2E
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1 HRSH®
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L1 gifgsg/el ARAA/ N R A4 14-19
8 SN2 By 1551 N s R Ol e e L B o
(KM) /MoK B FHIRERHR S 3 905 ol AR
TIORFIRIN AR AR =

L2 F2000  JoXdT DMEM mbl B 3r 2l 1
HyClone 75 &) ; FBS 2R B 1L 1 F CELL BOX A A ; 41
B IR I - R D) T35 = KA w5 8 RNA
S AT G T AU mT R A T 20 28 W 5 S iR @

T Vazyme 2\ w5 SYBR 52 B2 56 5@ & il 7 & W T
Bimake /A 7] ; BCA {7 & W T3 = KA #l ; HBx Hitfk
W4T Abcam /&) ; GAPDH $Hip{& 1 Cox-2 HLi&M T Cell
Signaling Technology /N ¥l ; VEGF ¢ {4 W - 1# B8 2 2
) ; Bax LIRS F Bioworld 24 7] ; BAD {4 \Bel-2 $p ik
4T Abways /3 F] ; CDK4 $70{A&F CyclinD1 TR T 75
AP A BR 2 A BiBE W38 W F BD /A &l 5 SDS-
PAGE %R e & 170 & W F HER 28 7] s ECL 32 W
F Advansta /¥ #] ; Celecoxib ) MCE /A H] o

1.2 J5i:

1L.2.1 g oy Jdtge B TRAE 0/ BU
HIAL A 14-19 EGFP-14-19 1 HBx-EGFP-14-19 4 fifg
B IR RT3 10% 1035 1 1% Wi DMEM &5 #
Bigedkep BT 37 °C 5% CO, Wy FRFa R SR, i
Jfi 2 80% LA I, HFATARAR (R AF L S S 2 55
1.2.2  ghYpsami e J o4l ¥ 45 H KM /MR
[, (Rt (20+2) g JBAL A 3 4 (n=15) : A B8
thk 4, EGFP-14-19 4 & HBx-EGFP-14-19 2, /N
TARFG 1 d Wik B, BREE /DS BRUG RS K 18 B3
B, OIR T 2 em B —Z5 9\ )/ L IE 2 55, 3R 2
I TR, R PR I R O A e e DA 328 i , 3 S 43 ) K
200 pL Az B Rk \EGFP-14-19 H1 HBx-EGFP-14-19 4
AR (5x10° 4N TF T 200 WL PBS ) ZZ8FE A,
froe eIk AE R . RJET 30.90,180,360 d 4b
FE/INER WSCBUTFIEZH 27, — 3840 i T B R A7, — 3B o
RIET 4% Z R HEE T,

JyHC 15 KM /NER, DA T DK 5 200 L
HBx-EGFP-14-19 4l 8% (5x10° g &% T 200 pL
PBS 1), FARJG 180 d FiI H Bl HLIE A% /N B 43 i 3 4
(n=5) .25 FIXFRELL, 3R B I 27 4E R 1 (CMC-Na) 41 LA
K Celecoxib 2, R FH#E B 077 % 45 725 X IR 4L
0.9 mL A F£R /K , 44T CMC-Na 41 0.9 mL 10% CMC-
Na, %55 Celecoxib 2 0.9 mLCox-2 2 ERIH] 7 Cele-
coxib(60 mg/kg AT 10%CMC-Na) ,1 ¥k/d, 32525 10 d,
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TR ZG 48 h 5 4b40  SHUTFIEZH A

1.2.3 Sdfe BORstitiEafRie T 4% %
RHE 48 h [H5E 5, A IR o $2 R S-P BEH
A, T 200 FOLEE T MEFFHIE,

1.2.4 HE @ D)5 Bds gt w i,
FHFRPER IS £ A, T 200 F55685 T RER A,

12,5 J e -3 Wi S 0 ( RT-gPCR) B
RNA$ B & o2 4 i ik K /0y BT I 2 21
RNA, 5 B SR @ I 10 5% RNA B cDNA I
B 10 4%, R 10 wL SYBR Green {4 2 o i 45 I ¥ ,
Rl 3 AL, S b EE 33, SIS 1o R
2708 IR EAR SR D AR ik

%1 RT-PCR 2|¥F 5|

HEH gl
GAPDH {7 :5"-TGACCTCAACTACATGGTCTACA-3’
Fii#:5"-CTTCCCATTCTCGGCCTTG-3’
HBx {7 :5"-CCCAACTCCTCGTTCACGGTGGTCTC-3'
Tii#: 5'-GAGACCACCGTGAACGAGGAGTTGGG-3'
COX-2 3% : 5 -CAATGGGCTGGAAGACATATCA-3’
7 :5'-GCCAGGGCTGAACTTCGAA-3’
VEGF {7 :5"-CTCGCAGTCCGAGCCGGAGA-3'
7 :5'-GCAGCCTGGGACCACTTGGC-3’
Bad 37 :5’-CTCCGAAGGATGAGCGATGAG-3’
i :5’-CTCCTTGTCTACGCTTTCCAC-3’
Bax 37 :5"-TGCAGAGGATGATTGCTGAC-3’
7 :5'GAGGAVTCCAGCCACAAAGA-3'
Bcl-2 7 :5’-ATCTCCCTGTTGACGCTCT-3’
% :5'-CATCT-TCTCCTTCCAGCCT-3’
Cyclin D1 3% :5'-GCGTACCCTGACACCAATCTC-3’
% :5'-ACTTGAAGTAAGATACGGAGGGC-3'
CDK4 3% :5'-TCAGCACAGTTCGTGAGGTG-3'

T :5-TCCATCAGCCGTACAACATTG-3'

1.2.6 FEHFTEIIC LK ( Western blot) BUE /D
SRUFIEZH 20 8 F i A R R, I A TR A 1 17 24 i

HBX(17x10%)—

ad

GAPDH(36x10°)— - S

A

(RIPA :PMSF : B R EFI ] = 100 :1:2) , 41 i ) 7 4
I TR 5 4 08 2R A W, #48 T 0K 1 2 6% 30 min, 5
10 min JE4& 1 WK, fHHFE 43 244#% ,4 °C,12 000 r/min &
0 10 min JXFVE, T BCA 12070) & 75 2 11 ok 2 5 4%
B4Ry Fe M AR B EAEZE PP, 100 °C 2 15 min
fliz 5853 28 . 10% SDS-PAGE % Jig v ik 2 i Jie 7
J&i ,250 mA B4 3K L BN 2 PVDF i E B0 008 & 4]
2 h VRS —H1 (4 CHR) AR TREET 9
(2R 2 h), Pl ECL BB EZ .
1.3 %t e

K SPSS 21. 0 G, B L x+s FoR, 24
] LR SR R 07 229017, P<0. 05 SR 22 e A 4t

2 HR

/W=

4m gk P HBx %52
Western blot fl RT-qPCR %% 5 il /7n HBx {U 7E
HBx-EGFP-14-19 4fijfgrp 2 4¢ 5463k (P<0. 01, & 1),
Mi7E 14-19 DL}z EGFP-14-19 4 | L ik, F£W
HBx 7E4H it N6 G e 2y, AT DI ek
2.2 NRAFRE® HBx #9 %%

R T B UE Sl YRR R A ST D, R Western
blot #il /N RUHIEZH 2 b HBx B33k, 45 R 8Os 54
PRERIK (EGFP-14-19 41 #f kb , HBx-EGFP-14-19 £ /)N f)
7£ 30,90 180 F1 360 d ¥4 HBx ik (& 2A) . RT-
qPCR 4555 Western blot 455 —%(P<0.01,[K 2B) ,
FIFH S e AL VLA D /N BRUFIEZH 24 b HBx 25 B3R
ik, 45 5 5 % HBx-EGFP-14-19 4 /) BUIF I 41 41 30,
90,180,360 d #7 Ul HBx [ FHPE G 8 (& 2C) , A= B
hoK EGFP-14-19 ZH/N RSP EGL (5, DL B85 RE
] HBx AJ 76/ U IR 20 K RS 3R 38, s i il
P B

2.1

HBx mRNA H%f 235

43 B

A Western blot -] g ft2 HBx #5%& & & ik ; B: RT-qPCR #| 3 #F 49 i, HBx mRNA #9 & ik (n=3,%+s);1: 14-19 @ i
48; 2: EGFP-14-19 #mjea4a; 3. HBx-EGFP-14-19 Zmje4a; a: P<0.01,%5 HBx-EGFP-14-19 %m g 28 rb 4%

B 1 BFeTéarasks HBx fEE
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HBX(17x10%)—

GAPDH(36x10°)—

ab

ab

HBx mRNA FX} ki
S~
1
£

Mg

A Western blot 4] & 28 /)y AT A28 2% HBx 49 %& & & ik ; B: RT-qPCR A&l &2/ RAFAE20 2% HBx mRNA 89 & ik (n=3,%+s) ;
C: HE4AE(S-P)seml s RATRE20 42 HBx & G 69 £ ik ;1. A k40, 2. EGFP-14-19 48; 3~6: 4 % % 30,90.180.360 d
#5 HBx-EGFP-14-19 41; a: P<0.01,%5 4 52 3 K41 1k35 ;b: P<0.01,5 EGFP-14-19 41145

B2 /INRATBEALA S HBx BEE

2.3 D RAFRELA LAY IG 0K R

TEALBE 360 d HBx-EGFP-14-19 /)N LA % BL AT 35
53/ B IR SR 8 A7 I8 A i, T D285 75 R b e 5
TR A (K 3A) 17 HE QL @7E5 T UEE,
RIS IEH LU L, g 420 I/ INE S50 3H 2K
2 i S AU PE ) 0 S A B AR v (181 3BLC)
2.4 HBx xR R 20 1L 08 £ B B 69 % v

It 180 d HBx-EGFP-14-19 /)N BUIT ik 20 21, #]
Western blot 6 T-F1 il AH G A 7~ 1) 635, 45 ]
NS K (EGFP-14-19 4 A 1, 180 dHBx-EGFP-
14-19 /NR A IFEZH 242 98 T2+ Bax il Bad 335
AR A T Bel-2 Fik KT (K 4A)

A A W1 A 7~ CyclinD1 F1 CDK4 # 2& 3X 7K F- 5 Jin
(& 4B) ,mRNA Fik/KF 5 Western blot 3k /K F—
(K 4C~G,P<0.05) . K] HBx A] #ifl /I U IEZH
UL T I o 3 24 0 A AR
2.5 )RR HBx & R E A2 COX-2 vL & VEGF #9
FARAE A

Western blot #; i /s S 4L HBx 5 30,90 .180 #n
360 d COX-2 J VEGF # BTk , 454 /) gk
Y HBx 55 COX-2 il VEGF Rk i fati s (& 5A)
mRNA KA K5 HE AR —E(P<0.01,K 5B.C),
FW] HBx 764K P9 o] K WIS COX-2 K LR i Bl -+
VEGF,
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2.6 COX-2 k#3747 Celecoxib 3y R AT Ik 48 47
BT R RE T 6% a
Syt — 2R HBx 1 /N BRUFF I 2H 2R 0 T S
BRI RN COX-2 Z A A 56 &R, 45T 180 d HBx-
EGFP-14-19 24 /)N i, COX-2 #1451 Celecoxib, %} B8 2H

Y FER K BE 10% CMC-Na, %% 5% 8] Celecoxib
4 COX-2 )z VEGF mRNA 5 )55 B FE T %

(P<0.05,8] 6A~C) ; Western blot 2§ H- 301 5 A= i th
JKZH AN CMC-Na #f b, celecoxib ZH AR ## 7= [K 7 Bax Fll
Bad HHFRBACE ETH, SUH T T Bel-2 8 H A K
FREAR (I 6D) 5 4i g i AR 7 Cyclin D1 1 CDK4 [
H IR TR (E 6E) ,RT-qPCR 4554 5 Western
blot 45 5—%(P<0.01,F 6F~])

—

A 360 d /> ST RERY 78 RAALES; B: HE 3 AR 2ARBTIES I AT IR 7B 2122 ;C: HE 32 & F45 SARABTIES N ST AT 78 2

3 MNRAFREARAMENEEER

2.0
1 2 3 I
i s
Bel-2(26x10°)— .. #®
1 2 3 "
- junay
BaX(ZIXI()})Hm CyclinD 1 (47x10°)—> WG_—- —— = 109
z
==
'
Bad(26x10 )—'— CDRAATX10°) W— - - E 054
. =
12 3
A B 2151 C
1.59 1.51 2.01 151
iy iz I
i I
o B % 154 5
1.0 # 1.0 g # 10-
< z = 104 z
z = z z
£ 0.51 Z 0.5 = 2 51
& g £ 051 £
E 2 . = BNe=gt
0 0- 0= 0-
1 2 3 12 3 12 3 12 3
415 D 415 E 2051 F 205 G

A: Western blot #] )~ AT JE 28 it Bel-2 Bax #= Bad #9%& & & i ;B: Western blot #&m) /Js F AT JE 28 fL ¥ CyclinD1 = CDK4 ¢4
EakiL; C~G 5 A 4 RT-qPCR EAam) /)y R 28 f ¥ Bel-2 Bax Bad ,CyclinD1 #= CDK4 mRNA &%k ik 1. A2 K20,
2. EGFP-14-19 28; 3. HBx-EGFP-14-19-180d 48 ; a: P<0.01, %5 HBx-EGFP-14-19-180 d A rb4x

B4 HBx X/NRATEARETEARBPEE (n=3, x+s)
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§ 251 )
A}) ai
e a iy
1 2 3 4 5 6 5 . ) 4 904
- = = 154
= £ al
VEGF(21x10°)— '” =4 = -
= ab Z 10-
z =
3 g | =
GAPDH(36x10°)— “.... s 2 5 5o ab
= =
-
0- 0
1 2 3 4 5 6 1 2 3 4 5 6
A 25 5] B 2153 G

A Western blot 4] COX-2 & VEGF #5%& & kik; B.C: 5% A FAFPEH L F COX-2 VEGF mRNA #§ % ik ;1. A KA,
2: EGFP-14-19 20 3~6: 4 #] 4 30.90.180.360 d # HBx-EGFP-14-19 21; a: P<0.01, 5 A 2 # kb, b, P<0.01, 5
EGFP-14-19 48 yb 48

5 /N HBx FEARERHEE COX-2 & VEGF FRiE  (n=3,x+s)

151 1.5
] iz
] < 1 2 3
e a a W
= 1.0 ﬂj—: 10 gl COX-2(68x10)— (IR A
= Jans
= =
= <
= z VEGF(21x10°)—
£ 051 £ 0.51
Q) =
= S caPpHG36x10")— (N
o -
0- 0-
12 3 1 2 3
215 A 215 B 1.5 c
]Lﬂ
1 2 3 o . a
e 202610 GG IR & 107
Cyclin DI(47x10°)— M_—— =
Bax(21x10°)— I ——— =
CDK4(47x107)—> —— — a
| c— #
GAPDH(36x10°)— M— 0-
GAPDH(36x10")— AT _— b . 12 3
21531 F
2.0 1 257 . 1.5 i 157
-}Q a a
il iz 3
,—}SJ X 2.07 ﬁ A 2 %ﬁ
® ® =101 m = 104
= 2 = =
= = a2 z =
1.0
z = £ 051 E 051
3] = < a
% = 0.51 % g
& & S S
0- 0- < o4
1 2 3 12 3 1 2 3
415 H 415 I 2151 J

A B % %] 4 RT-qPCR #:] 25 )~ &, Celecoxib J& I it  COX-2 VEGF mRNA #4 % ik ;C; Western blot 4] 2 F «)» &, Celecoxib /&
AFME P COX-2 VEGF #9%& & &1k ;D .E 4-%] 4 Western blot #] %-F /s & Celecoxib /& /F i ¥ Bcl-2,Bax ,Bad ,CDK4 #= cyclinD1
# & & &1k ;F~G 5% 4 RT-qPCR 4 4 5 /s & Celecoxib J& #F & # Bcl-2,Bax Bad ,CDK4 #= cyclinD1 # mRNA %%
1.HBx-180 d-= & 2y BB 4 ; 2. HBx-180 d-CMC-Na #1:3: HBx-180 d-Celecoxib 28; a: P<0.01,%5 HBx-180 d-Celecoxib 48 ;b &

6 COX-2 EZFMEHHIF Celecoxib Xt/NRAFAFALFAT UK EREFHIZM (n=3,3s)
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HBx Y IA Ay & — Pl 385 52 il Fir 20705 049 /50 BE DR ST 1Y)
ZIMEEEA™ B 5 T AL A0 R I AL  DNA
152 R WA LA % 2 P 3 i i 9 45 T Heo i
BBV A 5 40 94 1 A BRBIL AR Sl A2 ik A 1 ok
{8 HBx U A E LS 76 AS B

UL T HBx [ BIF 5 22 78 9 40 i 55 5 2k R /1N
BUEHEAT , ABF S5 g T HBx (19 40 i i BT 1] 3% ik
HESTE KM /INRARP 857 T Rl UK IS e 263k HBx H.
HA IR R R0 s s e I HAL R R 2
A= B, A B T A0 B sl A L ) HBx /N R, ASTIF SR 1
SRR N B AR BGLRAS R UL s By 38
AT LAERE HBx 76 (AR Py i AN RIS AR VR .

COX-2 fEhp—Fhifs il , A2 A5 B 51 i 26 1 G A
i RSB A AR FE L COX-2, T 4
T AR HE T 0 A K TR S ST R TS
S, AE BURE RS IE kR R bl AR
FIFES S WRFE M COX-2 7 R s 34, il
gEmiEt FUMEST Y A TR COX-2 9
RO AT DL R A kR A E Y R
COX-2 n] PLifi i EP2 il Wnt/B-catenin {5 5 i f 15 T
WS YAP KR T, B R b AKT R i i 98 41
U3 ; COX-2 i A] D3 o W 2 b AKT F1 ERK i #F
HCC 4 () #8 F{ 28, {3 COX-2 HI il 37 ZE 47 K 1
R[5 COX-2 %f YAP AKT D) J ERK F94E T, 0 JIF
AR FE T RS AR 22, BHLAE HCC I .
R IS T B s B N i 45 A AR ) 2 X g 1 o e
bRk, M55 I Bz kK B VEGF J2& i g oA o] 19 1 45 4
R 2 —, al A B R 2R KN A BEgT W
COX-2 nfig ik VEGF (335, J& M4 A5 s B8 1Y T 2L
PE A2 COX-2 AT 4 i 4 i AR Y L AT
U COX-2 FE & 0 & A ke rh iR FE AR . R EILaR
45 HBx PR SR LA R 6 e T HBx (96 40 Jfa o
P COX-2 235180 ; CHENG 25 % % YL T HBx
) JH 9 240 1 T ARG COX-2 [R5 57 5 i S 45 SRl i B
T HBx o] LS COX-2 Y351k, o HBx Bujm ML il 42
HET BT L

ARWFFREE R W, HBx fER Pl ff COX-2 [ 31k
R, A5 /0N U JE £EL 29 240 0 T e ], S S R R
B FEL T COX-2 18 £ P 41 il 77 25k B A7 J5 , HBx X
/N SO 40 P 97 1 R ) 300 %) 5 W) 30 e | e s s SR
HIFE HBx EU&E 1 F2 o] g i _EiF COX-2 [Rik
SR AP A0 LR T, A R AR, AT 530 HCC 1 &
A g AR R I /N U AEZH 2 o VEGF (R eak s n , fif

FZERF A5 VEGF [ IK K, X —45 R Ui W] HBx
i COX-2 i VEGF 93k, Wi fie ik 1 7 19 A=
I, AR AN Y S A R AR s A RS R8s T 7
HBx EUIF 09 & A2 & S i 78 b, ol ad S 0 20k
COX-2 Z SRR T- L K 8 A= i o SR A
FEUEW] COX-2 il 78] A7 AR 2 A O R 2 e
DA COX-2 iy a:d 23k nl R R IR 7 T 9 25 )
B BT i — 25 T % HBx YA Y D RE S it
TS, 2 W R B TR AR S
JaihYT HBV IR S0 1T i okemes

SE Lk
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