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[ Abstract] Objective To explore the formation conditions and phenotype of a mouse model of liver fibrosis
induced by HBV (hepatitis B virus, HBV ) infection. Methods Eighteen CBA/CaJ mice were randomly divided into control
group (n = 4) and experimental group (n = 14), and the experimental group was injected with cccDNA by tail vein at a
dose of 2 g per mouse by high-pressure hydrodynamic method, and the control group was injected with an equal volume of
PBS. Samples were obtained 68 weeks after transfection. HBV DNA and HBV cccDNA in mouse livers were detected by
quantitative PCR. Serum HBsAg (hepatitis B surface antigen, HBsAg) and HBeAg (hepatitis Be antigen, HBeAg) levels
were tested using ELISA. HBsAg and HBcAg liver tissue levels were tested by immunohistochemistry. HBV DNA in mouse
liver tissue, with the phenotype HBeAg'/HBsAg™ or HBeAg /HBsAg", were first-generation sequenced. ALT and AST
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levels were evaluated by biochemical analysis, and histopathology was analyzed by HE, Sirius, and Masson staining.

Results In the experimental group, 100% of mouse HBV DNA was higher than 1000 copies/mL. The cccDNA copy

number of mouse liver tissue was significantly higher than that of the blank group (P < 0.05); 42.9% of mice were

positive for HBsAg and HBeAg, 60% were positive for HBsAg, and 26. 7% were positive for HBcAg. Mutations at
A1762T/G1764A and G1896A/G1899A were found in HBeAg /HBsAg" samples, and there were multiple mutations in the
S2 and S regions of HBeAg'/HBsAg™ samples. ALT and AST values were abnormal in 57.1% and 7.1% of mice,

respectively. Liver damage and infiltration were observed in all experimental mice, and liver tissue fibrosis was found in

92.9% of mice. Conclusions HBV DNA HBV cccDNA HBsAg HBeAg of Serum and liver tissue remained positive 68

weeks after hydrodynamically injecting HBV cccDNA into CBA/CaJ] mice. HBV infection caused liver fibrosis in mice and

even mimicked a clinical HBV BCP/PC gene mutation phenotype.
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Fas AL B AT B F] L 011851) 5 45 B 5 24 il
(AST) Kz 300 7% (bt g5 A ek B A BRA F,
011808) ; T5 # & #h V) B ( NEB, M0363L) ; 5 1
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1.2.1 iRy

18 HUNERBEDL /M 2 4. X IR 4 H S5
14 H, SEEHTE e ME /D BUE RO R,
IRIG I EREIKAE S ~ 8 s PR IR IS B 26 43 )
T 2 mL A2 FRER KB &7 2 ng cceDNA T ) 4= B
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HBV DNAZ% DUEHE I 5
HBV DNA copy number incrcasedby multiple

Conl 2 3 45 6 7 8 9 1011 12 13 14
i Con N HA, KAV LR A, (THER)
Bl1 ZHH(Con) HEEH(1 ~ 14) /MR
A HBV DNA #5 D1 fin 544

Note. Con was blank group, others were experimental group.
(The same in the following figures)
Figure 1 Multiple increase of HBV DNA copy number in
liver of blank group (Con) and experimental group(1 ~ 14)

2.2 FFdh HBV cccDNA #2 1%

&Y cccDNA 68 JiJ5 /N ZH 2T cceDNA #5111
BOH T2 /N R ZY cceDNA #5150 (P <
0.05) (K 2),

2.3 IiE HBsAg #1 HBeAg

TS G 68 JE R THC J7 kA6 /N U 1Y
HBsAg fll HBeAg 23k, 25 RAESLIH T (n = 14)
42.9%(6/14) /NE. HBsAg Hl HBeAg 23K 14y BH
(HBsAg"/HBeAg") ;7. 1% (1/14) /N H P HBsAg
FAM:, 1 HBeAg BH 1 ( HBsAg™/HBeAg®) ;7. 1% ( 1/
14) /MR BE HBsAg BHPE (1 HBeAg 1 (HBsAg™/
HBeAg™) ;42. 9% (6/14) /N HBsAg 1 HBeAg ik
1B (HBsAg™/HBeAg™ ) .

2.4 Bfh HBsAg & HBcAg ®ix

1EE S 68 JERH THC J7 L4610 /N U
() HBsAg ik, WLEEE 5 1E % /U4 2L (K 3)
FHLE , HBV 24 /N SR 41 21 h HBsAg % 2 i 21 %
0, F B 58 50 Ik 55 3% 38 40 L 5T, 76 /N i b 2

FHYEAE S (I 3) o TR 26 68 JAR A THC J7ik
/N BT TP 9 HBeAg 235, WLEE 35 1EH /) B
JFEHZL( B 3) A EE, HBY 28/ BUIFA 2L HBeAg
PO ML (0, T2 2R Al M A%, 7 2 Jik 52 ff a1
B S (1813) .

8 =

(=)}
1

HBV cccDNAFE U1 ¥ b8 in £ %
I
L

HBV cccDNA copy number increased by multiple

[\S]
L

Conl 2 3 4 5 6 7 8 9 1011 12 13 14
B2 “F4(Con) GEEIAL(L ~ 14) /MEUFH
HBV cccDNA #5 DU EU i 4
Figure 2 Multiple increase of Copy number of HBV cccDNA in
liver of blank group (Con) and experimental group(1 ~ 14)

R JRISHBV AL

Normal liver tissue Infected HBV liver tissue

[’ o AT S, i s, v G

B3 /NEUIT4Z0H HBsAg Fl HBeAg 635 (40x)
Figure 3 HBsAg and HBcAg expression in mouse

liver tissue (40x)

2.5 HBsAg /HBeAg' KX HBsAg'/HBeAg /)R BF
BARAEFNF 5>

$EHL HBsAg /HBeAg" 1 HBsAg'/HBeAg FEA
4141 DNA f& , fii#& #£17 HBV Basal Core Promoter
(BCP) X } Pre-Core( PC) X FEPR AL, 5 4T
HBV PreS2 XAl S XFEH LM T, HBsAg /HBeAg"
FEA Y 50 B T 2 B H A1762T/G1764A . G1896A/
G1899A i fi %€ 28, F& M Z 4 ik i B C1809T,
C1816G .G1752A .C1913A 58745 (%£ 1),
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HBsAg'/ HBeAg FEARZEAR A 15,43 5] J& T/C .95
fidfA C 37 fidfi A G 272 fiidfi A A FI T/C .95 fif

A C.37 fidfi A G 272 fiddi A A 290 fiidfi A C
(W#£2),

%1 HBsAg /HBeAg AN F43H7
Table 1 Sequencing analysis of HBsAg™/HBeAg" samples

JEFET 1 Clone 1

7% 95 Mutation number

ST 2 Clone 2 FLEF 3 Clone 3

A1762T/G1764A
G1896A/G1899A
2875 3 Mutation 3 -
2745 4 Mutation 4 -
275 5 Mutation 5 -
25745 6 Mutation 6 -
2875 7 Mutation 7 -

Z&4% 1 Mutation 1
2875 2 Mutation 2

A1762T/G1764A A1762T/G1764A
G1896A/G1899A G1899A

- C1809T

- C1816G

- G1752A

- C1913A

- G1915C

11 :HBV PreS2 XIUF45 4  HBsAg™ /HBeAg" FEAS I Sa TR I A1762T/G1764A (G1896A/G1899A i/ #iF7E,
Note. HBsAg™/HBeAg" clones showed mutations at A1762T/G1764A and G1896A/G1899A in HBV PreS2 genome sequencing results.

%2 HBsAg'/HBeAg FEAN T 4347
Table 2 Sequencing analysis of HBsAg"/HBeAg™ samples

7% "5 Mutation number FEFET 1 Clone 1

FEEF 2 Clone 2

Z2&7%% 1 Mutationl
875 2 Mutation 2
€745 3 Mutation 3

&7 4 Mutation 4

1T/1C
95 {3 #fi A C(Insert C at bit 95)
137 f4fi A G(Insert G at bit 137)
272 fir#fi A A(Insert A at bit 272)

275 5 Mutation 5 -

1T/1C
95 fiiffi A C(Insert C at bit 95)
37 {4 A G(Insert G at bit 37)
272 fyidfi A A(Insert A at bit 272)
290 14 A C(Insert C at bit 290)

TS X LRI 745 5 HBsAg" /HBeAg BEASER A3 My i sk A 58708

Note. Sequencing results of S-region genome showed that HBsAg®/HBeAg™ samples had point mutations.

2.6 MiE# ALT #0 AST &

TSI 68 Ja R FH A=Ak 43 B AR ) 1L 375 - ALT
FUAST WRBE K 25 SRR W] FE 25 A rh, /N ALT
S BOE A BB 25. 0% (174, 3497 TIEHE) ,
AST{HIEH s fE LI 4l T, ALT S8 AR B
57.1%(8/14) , AST 5% S HEAR B 7. 1% (1/14,
BIETIEREE) .

2.7 RERFHLIRG

ff ) JE X HRAL 25% /INEROE MR (1/4) , 525
20 57. 1% (8/14) /NI e
2.8 RIEBLRE
2.8.1 HE Z:fn

JHAHE HE GL om0 A% bl e il ik 6, 40 M 2%
MATMERBE S AT, 5 1 Il 55 ZH ZUAR L, T i
e 41 2 4 L 98 4 L HE 5 2L L A0 A S K R L
B AN IR /)N 5 BEA% BH 2 5% 320 41 M A e L 40 i
INTE ALK b | SRR P s 4h A% 4R v, A 2 P
BABTCANAZ A% [ 46 e s i T R SR (KR 4)
2.8.2 RRELIY

JIFLH SRR B Y {0 B, 4 0 SR 4T 24 ol e i 21
o, HBV B4/ BT LT e A i o5 ™, 5
JHF P 9g 55 2H A0 B, I B el A 2T 7 i fb B 8
BAEAE TR SERE (B 5) .

JF IR ZE20

Liver tumor tissue

JiF IR 55 4820

Liver tumor tissue

B4 /NERAFAZ HE 4ea(10%)

Figure 4 HE staining of mouse liver tissue( 10x)

JHF iR 2127

Liver tumor tissue

JH I 55 41 41

Liver tumor tissue

5 HFHSURRARLLG(10%)

Figure 5 Sirius red staining of liver tissue( 10x)

2.8.3 Masson 4t

FFZH 2T Masson Yefa bt I JREF 4k Bk A0 &
LRGN0 NN I B4 N EY D T e A L O X
PR a5 MR S5 H UM LE, TR 2
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W (L DX i, T A P AR R K S O AT,  0 oh
BT A e b R AT A (18 6) o

[l 55 4E 40T IR E 2

Liver tumor tissue Liver tumor tissue

& INERAFEHZ Msaaon e (10x)

Figure 6 Msaaon staining of mouse liver tissue( 10X)

3 e

HBV J2 3 3 33 % 53% &2 il B & BT DNA i 85
HBV S BE#E ALK IS | W B 76 T 200 A 2 T, 38 3ot 4
B - 4 i IH R 4 5% 52 28 M (sodium taurocholate
cotransporting polypeptide , NTCP ) 52 /A& A £ g |
SREE LR ZH L) reDNA JEZC3E A AU A%, 76 20 o4z
FEI cccDNAM2) SRS LA cceDNA AR |, J6 )5 7E
20 A% S 20 B I e R AT 0 A s | B OB A A
1, #873 reDNA 5 25 0026 By 7 TURL B il 21 ff A1
N LI A 52 S G At ST 40 G, 355 43 re DNA F 58
240 5 0 N A0 B A% R AT 2 P AR cceDNAMT
cceDNA — B I, it A S0 (ol g 0 R I S A7 7 T R
YA AR AZ B, IR 8 HBV 12 1R R T 2T 4
1 BRSO B g g o FET 4E A2 45 i 4% Fh
0 R TS N 45 4 21 2 5w B A AR AT A
TENHME S A& iy i B vh B A I 4T defb i 72 i
LR AL R HBV B WA 1Y DG B PR 5 HBV &L Jir
I RTFEFAEA /N BB B 2 HBV AH I 21 1k 2454
PR BT A

T, ATEAG AT /IS BB Y 2 B A A N 2T A
SRARTS T IR /) AR | {HL [] i A 982 ke g B ) 1
EAESEE A T B B PR/ LR A AR
FE B SRS H A 3 TR AR X /N B A iR Ay
PR RER B BT, SRS AR H B A R Y g
P HFEFER/N R 32, HAS A ceceDNA B4
o A /)N BB 2 BT AR R (R AT ST A R T
LR 7 i A BT S I B 1] 1 R R
G BE EHEK Y B B R RE R A TR E Hh R GA
B B AR LA S e 1 SR AR, A B 7
PEHA 5y AR, HL 38 % $0A A 5 5o e 15 2008 1
cccDNA Bl BIFFE 1 HE 2k T 22 0 B AS Wy 7= A=,

BT 2R g8 72 e AR R (LR R Bk st DA 2
FERT ) B3R A AT 8 5% B BRI IR 2R L A W 251
PRI ST 4E Th R, T 45 G Cre/LoxP HARHEST T
2 cceDNA (reeeDNA) /)N AR AT 78248 A rp i
i LSS B R AE FEF AL, SR, 7% reccDNA 55 £ 4b
TEILH LoxP | [RIH, rece DNA 7K S8 H KK, ASRE#E
Southern Blot, Rl T EfTH T HFFE cccDNA FIE N
AT & B cceDNA B a1 259

AR AT 3 R FH v He K sl A L 5 o 2
Jok 5 75 s 1) /N B ST ceeDNA, & B HBV F B R
BWIAE 26 JABE, B8 PHE B AR ] TR 218 M
YR, EUR U /)N BRUSE Y %) JH R L5 B I 2F
HrfbFA,

WFFE N GLIREAR, A5 AT UAE K HBV RG],
ST T AT AR /N BB AL e A 5% A /)N BRUER
HBV 68 JilJ5 , H5EME T HBV fr&dy ., FRATAIL,
FESL S A rh, /N BUR A I 2] HBY DNA Fil HBV
cccDNA ; HBsAg BH M % Fil HBcAg FH 4 2 4 5l A
60. 0% 1 26. 7% ; /N BRI 7 1 42.9% 4 HBsAg'/
HBeAg", 42.9% N HBsAg /HBeAg , 7.1% N
HBeAg"/HBsAg ™, 7. 1% & HBeAg /HBsAg", %4 %
FH AR BUAN HBY T EhR S RE s Hr S AT
16, HBV 1] LATE CBA/Ca] /N RFFELIEYLIA 1.5 4F
(68 JAl) , it & = T A AL HBV #EA7ATRR

HTH 7. 1% /MR B HBeAg" /HBsAg™ 5k #
HBeAg /HBsAg" , RATTAE M 5 350X i 2 784 114 Ji PR 2
MEEEF A K7 R T Wk A AR, FATTE
HBeAg*/HBsAg Fil HBeAg /HBsAg" Ifil i #E A< #E 47
IR, 45 5 @R HBeAg'/HBsAg™ 5L PR 384037 5
FEAE 287 HBeAg /HBsAg' FERFE C1896 T/A1899 T
AWM RZ JFH S NEY HBY J5, HBeAg /
HBsAg" B A A RIE, BIAE /N U B HBeAg™ 5
C1896 T/A1899 T {3 15 i AR VI AH K .

ALT AST FE S AE i, s ALT 3% J17E
JHERZ A s AR e B Tt 3, S A i JHF 2 2 4 1Y)
FEFREY, M55 T AST 76 20 M 32 1 ik B T 5
SRR AR, AR T, &
PRSLHRA 57. 1% ALT 1 7. 1% AST 5%, #&m/
LA BB I 405 B 8RS TR AR 1O

A T ) R B, 57 1% 1 7 JF R A0 UL 2] Bt
B, B T X4 (P < 0.05) (25.0%,n =
4) , FHL HE Yot n] 38 o 21 5 (o ff I e I ER 1 41
YIS TE S S A G 0L, AR 5255 HE e ta 3R 0 78
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