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Hepatitis B virus X promotes tumorigenesis of hepatocellular carcinoma through

HIPPO signaling pathway in mice
ZHANG Siyao, HUANG Xin, WANG Xue, DU Bin, WU Nan, ZHOU Mengyao, FENG Tao Molecular Medicine
and Cancer Research Center, Department of Biochemistry and Molecular Biology, College of Basic Medical Sciences,

Chongqing Medical University, Chongging, 400016, China

[ Abstract | Objective To explore the changes in HIPPO signaling pathway in mouse liver tissues
expressing hepatitis B virus X protein ( HBx) and explore the mechanism of HBx for causing hepatocellular
carcinoma ( HCC). Methods Immortalized murine liver progenitor cells transfected with HBx gene were
injected in mice via the hepatic portal vein. At 30, 90, 180, and 360 d after the cell injection, the liver tissues
of the mice were sampled to examine HBx expression using real-time PCR, Western blotting and
immunohistochemistry ; the expression levels of the key factors in the HIPPO signaling pathway (MST1, YAPI,
p-MST1, and p-YAP1) were detected using real-time PCR and Western blotting. Results We successfully
established a mouse model with HBx expression in the liver tissues. The results of both real-time PCR and
Western blotting showed that the expression levels of MST1 and p-YAP1 were down-regulated and YAP1 and
p-MST1 were up-regulated in the liver tissues of the mouse model, and such changes persisted till the occurrence
of HCC. Conclusion HBx causes HCC in mice possibly by persistently affecting HIPPO signaling pathway.
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pathway

Supported by the General Program of National Natural Science Foundation of China (81071770). Corresponding author; FENG Tao, E-mail: 100733@ cqmu,edu. cn

[E€mBE] EEASREIELE RWH(81071770)
[#EEEE] B ¥ ,E-mail; 100733@ cqmu. edu. cn



http ://aammt. tmmu. edu. cn

S A BRI, 2020,42(7) 665

LT 48 97 B¢ (hepatitis B virus, HBV) &3 [ T
i R AR R R Z —, 7R JiU& 1 T8 (hepato-
cellular carcinoma, HCC) By &4 . KB EEZIER,
HCC 4 BRIRAESE T35 2 7, e E d 2 44 i =
HBERR 2 —" o AT IR A R, HBY #5457
B HCC Ry ERt: LU #5100 A% LA E (B HEL
FEPLH R 2 Y], SRR, SR 50 1
X (hepatitis B virus X, HBx ) 4L K] & H 2w 18 14 25 IR &
SECHCC KA RIRMEZEHNE . L, i HBx 3
Ry RE LA S BURHLHI T 7S5 HCC BBy 7 A 4G
B

HIPPO {553 #% 1 4% 0 [ F~ YAP A] 3 5 380 Bk
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HBx 755 i A AE & Jeh HIPPO {5558 i 1 22 AL 1
L, BR9% HBx 53 & AR AL, S HBx BUHJ8 1Y
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1.1 ##

L1 #ifssitn  kAfb/ N BRAFRT AR 40 i 14-
19t 28 B 22 N aF K244 7 I o 55 PO RS , EGFP-
14-19 1 HBx-EGFP-14-19 F4 5& % Y 12 5% 75 40 [ Ak i
AV A AL BT IR A . TC R IR JE K (specific
pathogen free, SPF) 4% & W] /)N B i B0 PR 5 B} K 2 S By
PO PRI 5

1.1.2 FZEGH FBS Jif 45 I 3% W4 | CELL BOX
ONE] ARG 55 5 DMEM (=8 ) W H HyClone A ],
TRIzol £ RNA $#2HUAR &0 A db nt 5 b kel £ Wkt
Fef BR2S A, 33 5% 55 57 & 1 TB Green Premix Ex
Tag™ S HERE BRI &6 [ TaKaRa 23], HBx i
&G H Abcam /A W], GAPDH L {A&Fl YAP1 HiL{&E A
TREYBHHEA RA T, p-YAPT HiKg H Cell Signa-
ling Technology 7\ %), MST1 $ii /A& Az p-MST1 $i 4 14 It
B AT B AR A R ARG PR A W], SDS-PAGE #E Jist it
B &N A E S RAEWH ARATE L ECL BRI A
Advansta /A 7], DAB {43 J Sz 414k S-P il &1
At LA E AR A RA R

1.2 Fi&

L2.1 fiuEonesige B o5/ RO AT A0 itk
14-19 \[EGFP-14-19 #l HBx-EGFP-14-19 , T&A 12% /&
ML AT 1% XL ) DMEM (8 ) B 97 2 v 1 9%, B
FRALE 37 °C,CO, WPE 5%, Fr 4 2 80% L) |,
AT AL AR 285

1.2.2 st oordl 45 H 6~8 Jaik,
IR (20£2) g Y HETE B W1/ BUBE AL 23 A AE 3L K
(normal saline group, NS) 21, EGFP-14-19 24 1 HBx-
EGFP-14-19 41, @S SCHR[ 4] J5 3k - /N RUR AT A%
B 1 dRBE TR T, 8198 T 47 2 em ZE4 90
) L) 1A PP B , SR BT 75 T TRk, 2 e 9k
A, I A R i LA e S B, 0 S 0 18 A A AR
7K 200 wL EGFP-14-19 5§ HBx-EGFP-14-19 i Jitd 2 ¥k
(200 plL & 5x10° 2 PBS W) , 456 5 AT
Mgk AR i, kA S 48 A R . TARSE 230 T
30.90.180,360 d &AL/ R, BOBUHIELH R, — &R 43i=
WF 4% 2R, KNS TWARE DTS
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1.2.3 fpgedifek BUNBURTSEIFIEIR T 4%
ZRMEE 48 h 5, H AT R, 587 S-P 2
YA EA TR, 200 AP E BT WS TAIE .
1.2.4 HE e HEY) R BREE ¥ R g6,
HPER e A, T BB A AR

1.2.5 RT-PCR Kl & RNA $2IBGL 7 &5 52
A 2H /B, RNAFF RNA 2 I8 530 e s sl ) & i 44
LB 500 cDNA Tl /KORE cDNA Fik 10 4% (I HBx
AFikE) , KM 10 pL AR Z ) SYBRGreen 14 #£47 46 M
(FEAS ¢DNA 2 uL, EF5IH#E 100 f5)545 0.5 ul,
SYBR 5 pL, MTCHE KM 552 10 pl) , 4% 3 MR
LR ER 3K, G W 1, R 27 kil 4T A
SR EPOE v g = i

&1 RT-PCR3IMFFIESF=HMKE

s /NS

N ElE7)e2 ]l
/bp

3% :5'-CTCGTCCCGTAGACAAAATGGT-3’
T :5"-GAGGTCAATGAAGGGGTCGTT-3’

B 3% : 5'-TGCGGACGACCCTTCTCGGG -3’ 195
X
T :5'-GGGCAACATTCGGTGGGCGT-3'

yapy LS CTTCCACTACAACATGAGCAGE 3 28
’ T :5'-TGCAGGTCCGCACATAATCTT-3/

[-3i%:5'-ACCCTCGTTTTGCCATGAAC-3’
YAP1 ) 221
T :5-TGTGCTGGGATTGATATTCCGTA-3’

GAPDH 131




666 S = A BRI, 2020,42(7)

http : //aammt. tmmu. edu. cn
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Western blot 5 RT-PCR % l| 28 % 8.7~ , 14-19 &
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NS 211 EGFP-14-19 20 %47 HBx [HM: ik (& 2D),
B HBx RETE /N U rh R AR E B ik
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B IEAR K BT AL T A

Western blot 5 RT-PCR £l /)N 55T I 2H 27 A [H]
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VLG5 R R, FE/NBUBGE T HBx J5 1A [] B[R] A5
MST1 [ 325 #+52: FTIH (P<0. 01, K 4A.C.D),
YAPI 36554 i (P<0.01, 8 4B . F.G), West-
ern blot 6 Il iR fb 25 19 p-MST1, p-YAP1 [} £ 3k K
L a5 R R, p-MST1 ik s R 22 i (P<0. 05, &
4C E) ,p-YAP1 ik 572 T (P<0.05, 5 4F H) , 2
SAGIEE Lo R HBx i A/NERER NG K0
ifil HIPPO {553 % L-JiF MST1 335, (B2 e 1T
W 53 F YAPL 3Rk,
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1:14-19 4m 40 ;2 . EGFP-14-19 g L 20 ;3 . HBx-EGFP-14-19 48 48 ;2. P<0. 01, 5 14-19 49 fe 48 EGFP-14-19 28 JfL 20 b 4%
A B:Western blot # 2m iz, HBx & & £ & &R ¥ & & 45#7;C.RT-PCR # 3 #¥4m iz HBx mRNA ¢4 & ik
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HBx mRNA 89 4 ik ;D 5 9% 414% sk Aol /s ST RE 2847 HBx % & 69 & (S-P)

B2 /NRATBEESR HBx HRIALERE

400 pm
—
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A B4 A s B REZL 2% MST1 YAPT mRNA 49 & i ; G~ E: Western blot #-3l MST1 A= p-MST1 %& & # & & B % & % 44 ;
F~H:Western blot ##] YAP1 f= p-YAP1 & & 2 ik R ¥ 7 25047

& 4

3 itig

HBx & HBV rh RSP 1) — A 2 DhReE 1 BT, 7]
DL S 2R 8 HCC AR R R R+ B 3l ) 42
VERT, U7y Z2 A 4 ot A%, e w18 Ao AL )
EEERBEENEM . B HBx BH AN A
FR ) HHOE B BURIE S UUE R HCC K JERY
HOIN T A RIS o I HAE ARk, o A S AL
Tl BT 22 2 0 98 A0 M sl R 2H 2L rp AT, TR 46 2R
G B8 A T B A 1 D DR 2 R A AR e Ol T YE R
R HG B RS T 7 A A5 R AN TS E -

HIPPO {5553 P& s ) 70 R b B0, 5 240 i 1 3
B AT B O/ AR O, HAZ O - MST1/2
LATS1/2 Sav Il MOBI ¥k # i k BA , 3= 228500

INEREL: HBx J5 MST1 . YAP1 mRNA Hy 552541

YAP Syt . BFFE B, YAP 7EHF L b 8
Fik' NS S S B AE 52T siRNA FEAIE YAP
FIRIG , T 20 TR 52 11 38 5, E 015 T P4 31
B 5 T RCR: WWAS J5, YAP ik BH 22 T I (R FHUg
R T SR I IR A B8 10 e YAP ik &t
(RN, REF BRI % 2 . MSTL fE N YAPL BiifiY
PN T, R R AL YAPT i HOR B HE A 40 i
NI 2 2595 P, (HACBIF 5 % B, p-MST1 S 31 1 3 #Y
Fa, R AT AR MSTI fRERR (L3231 2 F B 710
T, e B A K B T MR R SE R T L R
TEIX 26 R T 9 J13CT , MST A 3 3o 22 1 Wi R 1 137 o5
K B R AL AR T, T 3 26 R T K £ 76 TR o w2
PRI p-MST1 23 E R, BFSE R,
MSTI o Fe35 1T LA 35 96 40 e HepG2 B8 7=, AT
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SR 20 9 A K5 T AR MISTL 3 PR 2 S B0 B
JFFIRR I A, F W MIST 263K T VIt 7T 8 5 g 194
LR PIAR SN TiTE ZHOU 451 g BF 5, MST1
B S5 ELEI AT % 25, p-YAPT ek 2URI R FET YAPT
BEAFATHE . BoEess B R MST1 25k 58 1 FAR
WA S E YAPL Fik RN, A 0L, HIPPO {5 53l
BEWERE R, 6 T 9 A PR T T BE/E . ZHANG
Al R BT HBx () TR 400 28 LA 2% HBx 5L /N
U T 4140 R B YAP (363 i 28 17, Midkdk
S0 HBx M H AR (R A NIE T 410 i & 102
Hr, R P MST1 F3K T, p-MST1/2 F£3k EFF, YAP &
5 BTF,p-YAP F3k T, X 2625 A iiEs: T HBx 1]
et HIPPO {3 538 H77 A 1, 2 HBV SUIT8 9 L
IS SR HE 18T AR

AUZH AT ST R B, /N B R e HBx J5
JFFAR I T R, HUUR T8 1 Bel-2 Mel-1 253k i
B AR TR A Bax (A RFAE . 6] HBx A
JA 0N BT A £E 2 A 3 T 4V 4 200 i 9 T S
KA E R F 22— HIPPO {5538 % YAPI
AITERL N 5 5 LTI TEAD 0445 4, T
2B 5 T MST (93 AL AL AT DI 3 YAPT
IR AL , 36 REHE 1E Caspase-3 TG AL" . AW &
B, HBX 76 HE AN A 30 d i B0 ) T 40 0 5
MST1 {223k ek TR SE R YAPL f9323K, I ELAH
Kb TSk A, 320 HBx ol BEid $545 0 HIPPO
S o AT IR 240 b T KT TR A T
BOHCC B %o 454575 HBx S5 HIPPO {5 53l
B MO ARTT R HCC & A2 9 SRR, T RE S HCC #Y
HHRZ W ALBT K

AT 4 G RS SE /N B 6 e HBx
(AT R0, A T RE I IUIF2E 3235 HBx 9/ LB
Y AT AL TP R A 00 T A g | 2 F A4
JE 1 SRR 14 3l SR R 53 3o Yo 2R R ) B 5, 7T
T i HBx 7EHE A /N B P 2 98 4 A 5 s b AR [ e
[6) F4 405 T, T 9G24z £ 7 00 3 50 A A ) — 26 i 2 )
TRAT R S 35 MR A A ELIE JRUR L % A 1 ) HBx
PP R A R SR BIHL B T A, t TS P
BB B2 W SRy St T AR
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