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[ Abstract ] Objective To construct a normal immune mouse model carrying hepatitis B virus X
(HBx) for long term so as to explore the possible mechanism of HBx causing hepatocellular carcinoma
(HCC). Methods Hepatic progenitor cells transfected with HBx were injected into Kunming mice via
hepatic portal vein to construct the animal model. The liver tissues were harvested at 30, 90, 180 and 360 d
after injection, respectively. The expression of HBx as well as that of Notchl, Notch4 and Hesl at protein and
mRNA levels was detected by Western blotting and RT-qPCR , respectively, and the histopathological changes
were observed by HE staining. In addition, a novel ~y-secretase inhibitor, DAPT, was intraperitoneally
injected at 180 d, and then Western blotting and RT-qPCR were adopted to determine the changes in the
expression of apoptosis and cell-cycle-related factors. Results  The animal model was successfully
constructed, and liver cancer occurred at 360 d. Compared with the control group, the mRNA and protein
levels of Notchl, Notch4 and Hesl were all significantly increased in the HBx group at 30 d (P<0.05, P<
0.05, P<0.001), and continued to 360 d ( P<0.05, P<0.05, P<0.01) ; the protein and mRNA levels of
Bel-2, CDK4, CyclinE and CyclinD1 were also up-regulated ( protein; P<0. 001, P<0. 01, P<0. 001,
P<0.01; mRNA. P<0.05, P<0.001, P<0.001, P<0.01), while those of Bax down-regulated in the HBx
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group (P<0. 001; P<0.001). However, the inhibitor DAPT significantly reversed the above trends.

Conclusion HBx causes anti-apoptosis and abnormal cell cycle changes in mice through persistent activation

of the Notch pathway, and then ultimately leads to HCC.
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%1 RT-qPCR 341575
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HBx LUt 5'-TGCGGACGACCCTTCTCGGG-3’
Ut 5'-GGGCAACATTCGGTGGGCGT-3’
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L. 2.5 31
DMSO - + + iz iz
DAPT - - X) 20 a =) &
Notch(NTMI)(120x10°) > S - - = . ' 2- 2
= 151 2
fur= =
a o
Notch4(NTM4)(100x10°)— S S L ¥ 101 i |
= 0.5 z
Hes1(25x10°)— AT s 3
0 0-
GAPDH(37x107) > e mm—— 23 L 231
A @ B 415 C
2.5 2.5+ L 2.0- 1.5
g i I
o042 K 204 a ® i
K = = 15- . T |,
Zis{l - £ 15 a £ - =
10 z Zz 1.0 z
1.0 £ 1.01 % £
= = o o 057
e = 0s- = 051 =
& 0 =" 5 8
3 ° -
0- “ 0 “ 0 0-
1 2 3 1 2 3 12 3 1 2 3
215 D ZH 5] E ZH5 F ZH 5 G
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1:E% 402 EGFP-14-19 48 3:HBx-EGFP-14-19 180 d 41 ;4 : HBx-EGFP-14-19 180 d-DMSO 41 ;5 :HBx-EGFP-14-19 180 d-DAPT
20 ; A~ E:Western blot ##= RT-qPCR #4778 T 35 4% Bcl-2 o 4% 8 3547 Bax 69 % & £ & & mRNA K-F a.P<0.001,b;P<0.01,
c:P<0.05, 5 E% 40 EGFP-14-19 28164 ;F ~L: Western blot = RT-qPCR 4 28 it J&) #4148 % 35 47 CDK4 , CyclinE , CyclinD1 # % &
F35 & mRNA KF a:P<0.001,b:P<0.01,%5 HBx-EGFP-14-19 180 d 28 . HBx-EGFP-14-19 180 d-DMSO 28 yt.4%

B 6 HBx 7£/\REA SEATHEME T NAMREPHEXIERNREENLS Notch FSEBENXR  (n=5,52s5)

PLAT-H T Bel-2 (I H/KEAE HBx-EGFP-14-19 T 45 5 i /8 CDK4 | CyclinE F1 CyclinD1 7¢ HBx-
180 d B &1, MR IHT-H F Bax B F#K(P<0.001,  EGFP-14-19 180 d 98 (4 #: 1 B 3% -8 (P<0. 01,
& 6A~C) ,mRNA /K58 A —F(P<0.05, P<  P<0.001,P<0.01, [ 6F~1) ,RT-qPCR /R HILFK T 5
0.001, 5 6D E), Western blot ¥l 2 g I WAAH G BB —F(P<0.001,P<0.001,P<0.01,K 6J~L),
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RT3 PR 71 S i IR Y1 DAPT 5411 %%, BT
DL RS, FeATHEN HBx 72/ BUA P AT L E 3 7 220
1% Notch {5530 i , LA =5 40 08 2 51 s 40 i
SRR, R A ST A0 B 1 R A
3 itig
3.1 HBx 5 HCC

HCC JZ A i WA EMEME Z — , HARIER
P UG N A A R R . S BCHCC KA
SR PRI R A4 B 1 HBV e it 7 2 2 P A

RIVIIT, fE 60%11 HCC il e T HBV' . HBV g2

— Fb I AR ) P 59 PR R DNA (covalently closed circular
DNA, cceDNA) 41 £ —> 3. 2x10° Ay 3L R £, i 5L A
AR SEBARAAE T P4 A% ™ o sah, IE R
LB 1 HBx {2k T HBV SR # L 4L ™ e
RIRIWTFER T, Bk B A7 IO T HBx 518 46
3 ¢ 5 Pk DNA 45 & 25 1 1 ( damage-specifific DNA-
binding protein 1,DDB1) E’\Jéé{ﬁ[m o IAh, HBx iR 13
EIHE A 2 (sirtuin 2, SIRT2) {54 HBY
SRR LA

JLAE H TR HBV ey (B AR EADA 2.4 42
ANz 3G, HiF 2180 HBV &L & 2 K & it
i MEA AT T B R R R 22, /
REdR = AR A0, PRI, BOK B2 (R WIF S & 0 )
) T R A SR TR & m T B e
WS H AR A IR AT T B, B2, JE 56 T HBx-
HCC YR 2 Bt 5 22 185 FH A% 58 114 4 932 e B e g 452 22
B SR /N USRS 200 | ol T R A I A 2R R
FEDNREREAT A G, IR AR B b A — s 1Y ey PR
PEo TEAWT I, FAT# 3 FF HBx-EGFP-14-19 41 iy
VESTBIE 3 S iy B B/ B, d e 1 RS e 4
HBx Ry PR i, IR Z HBx 5 HCC AL, &
TSP R AE B SRR T R4, HBx gy, P it mJ
BB 4T LS4
3.2 Notch /251835 HCC

Notch {5 53l #{ A1 5 1Y 55 73 W 7 5% 5 A2 I 3l
ok 385 RS TC A R 52 A4 AR B AR T S B4 308 088 8 i o A
SR A T TR 5, DT 95 08 T 58 e 20
fris %5 Notch 7553 # 3% 1 Notch 5Z {4  Notch
T A0 PS4 AL O A 41 40 B
R SZARFIRCAR 45 5, SR 5 B y-70 WA U 1) J Noteh 4]
fitg PN 45 # 35, ( notch intracellular domain, NICD ) , NICD
A48 4% 3 5 RBPJ X 1, ( recombination signal

binding protein for immunoglobulin kappa J region) 254,
LV T UG Sk 1 Hes Fll Hey X055 . 41T, ©
ZAHFLEIH &I T Notch 1/2/3/4 PUASSZ{AFN Delta-
like 1(DLL1) \DLL3 DLIA Jagged 1(JAGL)F1 JAG2 HA>
[T

UTAEA , BOR B 22 i W52 2 B Notch {5538 B& 7
JHIRR ) A e v S A T A T, O 38 T 18k I e T
FEHIHGE . BFFE 2B, Noteh {753 % AT L4 i
WO WAL 2 IR SE P NRAA2 RAESURIEH . Mg
ZA#k ( Androgen receptor, AR ) 1] DL 3 F 7% Notch4 Ay
2ok, NI HCC i A A > 5 PR L R A 7
FEFMP KIIF IR NICD (R BUBERLE 6 4 H i i
AR ARIRE] 33% , 75 9 > H 5% 50% , MiTE 12 4~ H
iK% 100% , [F] I FEARSMNEH T Notch {5 518 % 1Y 2 3K 1)
R ZE AN T e 20 B P R R G 5 X SR R Y
Notch {55l B& A5 0 HCC 1yt e, 7 H. 7T B8 2 155
T HCC RAMEZ PR, AT 4 R 5 1 —2
LK) 2575 I Noteh 5553 & 7Y A2 4k, 3
fI1%& 3 Notchl F1 Notch4 ¥E/EZ% HBx 30 d J5 i/~ A i
MRk, JF—H 23] 360 d HCC &A=, FATHIHE
FERRME T FE5r HUESE , W] Notch {5 5 38 1) 57 6
e FECHCC RAEMEZENER, b, Notch & 1] L)
Y5 Hippo {5 518 & JE BUE St ], DA #E HCC 19 i
JE* fHUZ, Noteh {555 % \ HBx Fl HCC 2 ] 3¢
R TR AR . H e, FATRY DS HE TH
HBx f 1E 5 S e /N BUBERY, K 1 Noteh J iRy 5 14
PR DAPT {57 T 4 40 i B AH G B~ T AR
KT AL, DL TR T = TR B 5 R AL .
3.3 R4L5R%Z

S FRATEE T — S8 B/ BB 9 HBx
AIIREAN > THLH o ACE R LA A Sh 25 14 75 2L
T\ HBx e 3| HCC A= i B i Noteh {5 538 f§
ek, i HLAE 360 d BOR/INER AR K B0 T IR AR X
N HBx 1y al BUE PEIR AL T B HGIEdE . RATTAY AT
FEAREW], HBx FER A FFLEPEIE Noteh {5538
ATV 4 200 o) 0 S B o sk 40 1) 4 B 9 1, B 5
FHCC R4, HERZ , X2 8dls IR F 2
WrFIVR T B8 1 R, (B TE R AR, AT /N B
T A F T 0 7 48 i ( hepatic progenitor cells, HPCs)
A AT HBx B8 75 , 1A 2 I8 40 e 5 AT
AN o HARE RTS8 B R LAk DA 0 i I A
Bz A, TN 2T AN e A W] RE T HPCs Y %%
167 BeAh  HCC 0T 25 S5 B R A0S 2 i
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WERE AL, R IR T HPCS™ . R, 6 F R [l Y
241 i 2R M A R B A ) TR R PR A A DL o

AN, HBx 348 1T LA 52t HAt £ 55 B 0 PR 7k 3
5 Notch @& , NI HCC fyRERE . MRy AR iiL
R4S R F SOKOLOWSKI 252 [y AF 5t , 3 A T4
HBx 7] DLl 845 Ake 7553 %R 0% Noteh {75558
. AN, IR & PR HBx-miR-3188-ZHX2-Notchl {5
SE % AE HBV-HCC fo i p R AE R B B /R .
BEAN BIFFE A A S g A A AR R IR
IL-35 4 78 HCC /B & I 8 3% = Rk, A1k
HBV LA R, 1L-35 A 3 1 300 ] 470 005 75 H0 03 S i
KAEFFR AR A E D RE. L, IATT —2¥
225 X7 HBx Notch {5 5 B5 Fl HCC Z IR, I
254 HBx Hifil 551, 7843 A& 45 1 H S 58 /)N BUBE 3R 1 A0
e, B TR HBx S8 S BRI , 5 Noteh (55
5 S O TR HCC R AR I SE 2, DA X =
FHZ I THLRITIGE . RIS TETAT/N BB L A
TR T, SRR BT HCC 21 K 254
RIS
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