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Abstract

AIM: To develop a mouse model of hepatitis B
virus (HBV) infection by hydrodynamic method
and to observe the inhibition and replication of
HBYV induced by pSiHBV/P in the model.

METHODS: Hydrodynamic method was used to
establish the model of HBV infection in Balb/c
mice. pHBV1.3 was injected into the mice via
tail veins together with pSiHBV /P, which could

specifically target the P gene sequence of HBV
by synthesizing small interfering RNA (siRNA)
in vivo. On the 6™ day of transfection, blood
samples liver specimens were collected. Serum
HBsAg were analyzed by enzyme-linked im-
munosorbent assay (ELISA), and the contents
of HBsAg and HBcAg in liver specimens were
measured by immunohistochemical staining.
HBV DNA and mRNA levels were detected by
fluorescence quantitative polymerase chain reac-
tion (FQ-PCR) and semi-quantitative RT-PCR.

RESULTS: The mean levels of serum HBsAg ex-
pression in the infected group, the irrelative in-
terference group and the pSiHBV/P interfering
group were 9.11 +3.34, 819 £ 5.41 and 1.94 £ 1.78,
respectively. The HBV DNA loads were reduced
by 33% in the pSiHBV/P interfering group, sig-
nificantly lower than that in the infected group
(2.91 £ 0.55 vs 4.32 £ 0.57, P < 0.05). The count of
HbsAg- or HbcAg-positive cells in the pSiHBV/
P interfering group was lower than that in the
control groups. The levels of 3.5 kb mRNA and
S-mRNA in the pSiHBV/P interfering group
were reduced remarkably in comparison with
those in the infected group and the irrelative in-
terference group (0.48 + 0.19 vs 1.06 + 0.40, 0.88 £
0.54; 0.46 £ 0.18 v5 1.05 £ 0.38, 0.90 £ 0.51; all P <
0.05).

CONCLUSION: RNAi can inhibit HBV expres-
sion and replication effectively and specifically
in vivo.

Key Words: Hepatitis B virus; Models; Animal; Gene
therapy; RNA interference
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A HpSiHBV/PE5pHBVI.3E# kL4
Balb/c/ . 345 % 6K, BRI %
o) s R i I A @At R (HBsAg), &k
£ FPCR#&M 7 FHBV DNA# K-F, A %%
LA F T kAR AT WHBsAg. AT R4
S AR (HBcAg)# £ ik, RT-PCR% ¥ 24
M AF AHBV 3.5 kb mRNA. S-mRNA%0.7 kb
mRNA #) 7K F.

LR R AL TFHALFHBsAgk
X F AL A A9.11+3.34428.19+5.41,
pSiHBV/PF#.20-F349441.94+1.78; pSiHBV/
PF#4afnF PHBV DNA# 43 4 & 4 40 7H
2 FH(2.91+0.55 vs 4.3240.57, P<0.05), #7
) F 4 33%; FHLANT 20 i P HBsAg#»HBcAg
FevbE 2m R Ak A st BB LA 2R, 7, F4E483.5 kb
mRNA. S-mRNA & KP4 & 4 2040 T % F
WA AR T 4(0.48+£0.19 vs 1.06+0.40,
0.88+0.54; 0.46+0.18 vs 1.05+0.38, 0.90+
0.51, P<0.05).

538 RNABCRER ARG H b dyh
N RARAHBYV.

X819 FFR9R S AR shil; BEETRYT; RNATH

SR, KEFE, Bak TEE TR BUR, 898 W
N, & . REMWRNATHYIN SRR BT SR S8 HIE
. tHRENEIAYE 2008; 16(22): 2448-2452
http://www.wjgnet.com/1009-3079/16/2448.asp
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LT 49 75 (hepatitis B virus, HBV)& 4 —
AN TEEL R 8 T ), HB VIS J5 AN AT A
ghEE. B2, o H S A )k
AL RIBE SN R, HBVIE R K00 w5,
H o kAR S HETPuow 883097 Bl - 259
F BRI FEAZAT R, 7AW, B
FURTIRIVAETT J7 AT 2 i i HE mURT R L RNA
TIHEAN B A HTHB VAT IS4 75
(L. LEA SIS 4 B DN FTHBV PEER X 45 ¢
(K)/N RN A TR (pSiHB V/P) £ A4 M HIHBV
(RIHERE b, AR AR 3) ) 247 N B
HB VYL W %¢pSiHBV/PAEAA N XTHBV A
iR IE SN iaf- AU

1 #RFEE

1.1 ## 3-4 wkidBalb/c/NR36H, &, 45 &
18-22 g, W54, WT s il A R AT IR A
Al pHBV1.3 4 1.3f5HBV ay w4 KL 2 TL
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ZRIEHAR, pSIGFP AT X £x (1,58 ) 5 1GFPIY)
SIRNAFG B AR, o PP R0 25 E JHT 9 t
FUHT IS, pSIHBV/PA £ RTHBV P IR ) & Itk
SIRNAFG SR, FRACSEIG S A, AR AL P
VA AE L 40 25 B 1~ S 19N Bk e 91 11 S A%
%455 CGCAGGATAACCACATTGT(1012-1030).
WIS H R EE: 1E X5-TCGAGCGCAGGATA
ACCACATTGTTTCGACAATGTGGTTATCCT
GCGTTTTT-3"; Jx X4#5-CTAGAAAAACGCA
GGATAACCACATTGTCGAAACAATGTGGTT
ATCCTGCGC-3'. HBsAgiZ Wikl b b ifgsi
W RHEEYHARA A F . HBV DNAS
€ P CRIAF G Bl i A AW H AR R 51T
N A R PT-HBs mAbCH: —Hi b P iligG-
HRPZ 1K), %bi-HBcZ wiEHiACE —Hih
FhilgG-HRPZ EEK). PV-6001/6002 201k
G A AR A & R AL i PR S AR R
HRAF . NEATDNAMERNAHFER
FEA LI ETEAEY) TREA PR W 7= 5%
IR 51 £ N Fermentas /A @ 7= . iQ™ SYBR Green
Supermix A Bio-Rad 2> 7] 7= .

1.2 7%

1.2.1 A& 5 B B KBalb/c/ RN A
641, fEdl6 . A4 G4, 1 pHBV1.3(20
ug); B ApSiHBV/PHHE4, JLd 4 pSiHBV/
P(7.5 ug)MpHBV1.3(20 pg); CAL NI T-H4l,
Y pSiGFP(7.5 ng)MpHBV1.3(20 pg); D41
S AR AL, AESF0.9%4E B ER /K (NS)2 mL;
A-CH-4H TR FH0.9% NSFiEE, M 42 mL. %
FHRARS) Sy 24 ST HB VD BB YA A LR
B PR G RO, R s T
AR, WRAE R T LIS ER K, AR A i
&, AR DN AR PR 218 42 5 #4147, JTURIDNA
5 00948 R Rt ) e B, 0L R R el 11
fité, NS LA R IR A5, ZHZR S5 A AR )
TPk, FEERIE Y. WAAS) 1 EE
— PRI A MANEIE R R T, A
T Bk, LR 3R AR A S R DN A
S, Iz TR ORI Dh g . BRI
TG R D RESE VR 2 A, JU ALK TR T AR
IR FE DR R B ARSI AR A
TR, 45 mmSk i A2 U
ke sV s EE. SR E6R, kR RUIR
BRI, 23 S0 . AR ZE/N B, G I, D)HCE
ANZ130 mgfI4 SN ST ENERAE T A T YIELS
mm X 6 mm K/NIZLZAER, 40 g/L 22 5 FF I [

A7 B 5
RNAi#HBV A
BEGREANE.
HBV & #|iE 42
H4FFmRNA *
A, B4R A
HERIEDIE B
s, B ARNAIH
RK#FHBV & A
RNAi#7FAE F
AR E, A
MRk
6,k 2
KABREZT —R
AR
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ma £ B3k 1270 e SiHBV/P M 7 THh4H
hyA koS (] /&4¥H M pSiHBV/P M Ex T4
et alfe (HR4e 10+
YNSRI TSN = 8f
f ;’] “RNATH 4@ DNASE MR D
74 HepG2-N10 =% = L
mp A bupvy  EORE 4.32+0.57 0 3 6
Biik A EZ4” .  PSHBVPTHA 2.91+055 €ag Z 4t
Z AR P R4 ToRTHA 4.09+0.83 5°
SHBV S [ ¢4 2r
SiRNA, %12 & 0

Rt EPR. &
mie %P, W
KE R EF P
HBsAg. HBeAg
R2ERY; LK
LT RNAF #x-
HBV# % =4
mRNA & 4 ).

°P<0.05 vs RERH; °P<0.05 vs pSiHBV/PTFHAA.

1.2.2 f2 7% HBsAgA=HBV DNA #4#-iml: F HIEE f
955 W B 5 (ELISA)EAS I, FIHBV DNA%E G 5E
FPCRIAF G, B AAR T WAl & i W .
1.2.3 AF AHBsAg. HBcAg##ml: P42
AL P, KRB SR AR
A PR WP V-6001/6002 251 4 28 20 AL A T,
A, F M B, Ak S A LU
PRI IF HEAT TR R (DAB) B, SRR
FRG RDLE BB I A HBs A gfll
HBcAgMA (B E O R /N RIR45K L2300 ),
R U S5 400 15 AL 8T, SRS LEF V£ 100
AN THBs AgMTHB e A g E 41 o %, B
SFRIME.

1.2.4 Bf WHBV mRNA#g#&R: £ %fHBV 3.5 kb
mRNAJEF X (C) 59 (FUH 47186 bp): |-
W51 h5-CTGGGTGGGTGTTAATTTGG-3!,
NS 5 -TAAGCTGGAGGAGTGCGAA
T-3"; £ XTHBV SEER X (1) 51 9 (Ti 7= 4245
bp): L5 A5 -TTCCTAGGACCCCTTCT
CGT-3', Fiif5|¥h5-AGCAGCAGGATGAA
GAGGAA-3"; ' XfHBV 0.7 kb mRNAZEK [X
(X5 (A= 91466 bp): LliF5194
5'-CATGGCTGCTAGGCTGT-3', 514 45 -T
TAGGCAGAGGTGAAAAAG-3"; £} N #B & IH
B-WLB PR (1) 5 | (5T 7~ 49294 bp):  FJi
5% h5'-CCTAGAAGCATTTGCGGTGC-3', N
W51 M5 -TCATGAAGTGTGAGGTTGAC-3'.
BT Z2UARNA, JIRT-PCRIL, #iASYBR
GreenZ 64k}, e =AM AHBV 3.5 kb
mRNA. S-mRNA 0.7 kb mRNA{/KF-. i
ek LAFI &P Oligo T A 514, 40 LIk R, 78
RevertAid™ M-MuLV Reverse Transcriptasef /]
T, RMW60 min. & RN THANICyclers G e &
PCR{¥(Bio-Rad), % N4 #%: 95°C 3 min—
(957C 30 s—58°C 30 s—72°C 1 min)X40 cycles.
HAEPCRIGIF S 58 CINWEE D OGS S, it
SHHVEAT BBtk FHCHE. H LR e

HBsAg HBcAg

B 1 RNATHEX/NGRAFAHBsAgRIHBCAGHIHIFIVERD.

SRR H RIFE N (I RIA B2 2C). B
5 uL PCRY B P2 1£620 g/ LExt bt 1 v bk 4347

St b3 BdE Ulmean + SD#E 7R, HISPSS
13048 TR AR B, SR FH 56 A BENL T (1) 22 21 1)
T Z AP, P<0.05 K % 54T & M.

2 R

2.1 RNAF#3¢ R e i P HBs A gy 7 4] 45 A
HBsAg S/NH=2.1 Bk, &G A1 TC T4
A MIHFHBs A g4 Bk, Rk mdin, FIE
I3HH9.11+£3.34, 8.19+5.41; pSiHBV/P T4
3 DL 2 B BRI (P<0.05), FHME1.94+
1.78; 7% PO AL A BIPE. BL g5 SR i W pSi-
HBV/PREFIH ML HBsAg R IA.

2.2 RNAF AT R e i PHBV DNA G 375 45
A 9% EPCRAM T, FHHBV DNA#E D14
loglE#EAT L. % = [1-log(¥RYT 0% N
B0 g(REUL A P2 DI E)] X 100%. 45 R IR, pSi-
HBV/PTHLALIMLi% FHBV DNA {5 B A YL 4
W1 5 T B (P<0.05), HH1% 433%, MG R T4l
DU BT AR . 2 o B AR A W I HB V
DNA(F1).

2.3 RNAT# SAF AHBsAg. HBcAg#y 7
FAER G AL R IN 25 L 2R, HBsAgfE
S G A i Y 5t SRR IB RS (L, TTHBcAgF %
A7 T I G At B P 40 i P, A% R st A S 2k
HE, BEPAFE T AT HBsAg. HBcAg
[12EIETE W 8 25 5, pSIHBV/P TR B YL 20 11
TRT LAY E FF@P<0.05), 5 Ex A
FTF40 e N ICHBsAg. HBcAgl#iA(F22, K1-3).

2.4 RNAF#3HBV mRNA# #4114 A RT-
PCRZ IR, BYLIAITL X THL4IHBY 3.5 kb
mRNA. S-mRNA. 0.7 kb mRNA /K6 H] &
Z5¢, pSiHBV/PT#413.5 kb mRNA. S-mRNA
FR) 7K P B G 20 RN TG Ok TP A1 B A7 W k1 B
(P<0.05), 0.7 kb mRNA /KT 5G4 L
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3 \ERFFAHBCAGHITRIAETTIDAB x 400). A: EYLH; B: pSiHBV/PTHIAE; C: TEXTHAH; D: 23 IR,

KEMMA T %5, LWpSiHBV/Phe] &
##13.5 kb mRNA. S-mRNA, %§0.7 kb mRNA
W JE B A . 23 o IR A I BT HB V
mRNA(F3, [¥4). RCRY =) 2020 o/LEiHE
IR HLK 43 #r 45 R (K15).

3 1Tie
HBVHE R4 K:3.2 kb, 7S, C. PHIX 445
B I TFIBOSASHE, PEEDR X 2 5 K ) — ML ATE,
S, S. CHMXX B H S, “'HBV DNA
SER P HI 4G 5. LM DNAR A IS
HBV DNAME il 5%, DL &35 Kb ETHE
ZHRNAMTHA R DI e 0%, tEAh, i DNA
2 SR S PR IR, T DAE I B R R A
FLRE AN, A2 O SERE I XUEEDN AL PAEA
DX ) R S0 R R 1 S AR BT 2, W) DL BCH BV
DNAZ R 15 KV b sl 5e 4260k, 33
ST e B BT K IR BRAIG. DRk, FRATTIEHEP
SR X AE D RNAIPTHBVIATT AT

ARSI I AR BN ) 2 R TN R
HB VRGP, o 7 HEBR e & 3 &
RO, FATIIE P 5 R R A A e
s 18] 2 P 5 5 S 6 K KM %EsiRN AXTHB V
(IR . sz 45 LB, pSiHBV/PREAT 254
HIMLEHBsAgRIIF AHBsAg. HBcAgf#Kik;
BEMHEHBY DNAK G, 2 433%; #15

www.wjgnet.com

& 2 RNAFHX\EEAFAHBsAg. HBcAQHIHNEHEIER (n

=6, mean +SD)

D4R HBsAg HBcAg

R 7.08+1.90 7.28+1.95
pSIHBV/PFHA 2.93+1.31° 3.08+1.37°
ToRFHA 6.53+2.77° 6.86 +2.74°

°P<0.05 vs EHH; *P<0.05 vs pSiHBV/PFi4H; HBsAgGDY,
HBCcABBIHABAR T %).

FIHHBY 3.5 kb mRNA. S-mRNA, 1M J5% T4k
TATEDNAKF. RNAKF, i 275 8 K
SRS E AR H, U siRN AR B T
GRSk, Siab, S g R4 R pSiHBV/PREH]
#0#13.5 kb mRNA. S-mRNA, %0.7 kb mRNA
MG W B AHIVEH, X 5pSiHB V/PIIEEA A %,
HB VIR ARG s i s 4R fmRN A, RBlI3.5,
2.4, 2.1810.7 kbimRNA. pSiHBV/PHI#EF41
R THBVE T % (nt)1012-10302 1], #4HBV
3.5, 2.4, 2.1 kbfymRNARIAT I, 1%
0.7 kb mRNAJG B EAMHIVEH. H 1w oA WIE A
SNCAHBYV PIX I RUA #EL A I RN AT, 7R354
PR STRE.
IEAESRRNAIPIHB VG T W5 E U T
—EHEE. McCaffrey et allfIHF5T CLF SERNAIH
RAEAAN AN IEHFHBVIEAD". RNAIHIHBV

WA # 5

AR A E WK
B R RARE A
kAT SR A
HE#BHRR, B
HIREH A3
#HBV ayw &
#pHBV1.3 /T 4,
RAMET MR
HBV A A —
FARE EMET
KA K EZ S
#FHBVE £ 34
HEAD o 9] A
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W@ %R
AL AL,
TN R, Sk
ié\ﬂ’ FAML  44m 3.5 kb mRNA S—mRNA 0.7 kb mRNA
T R 1.06 +0.40 1.05+0.38 1.06 +0.38
pSIHBV/PTHLA 0.48+0.19° 0.46+0.18° 0.76 £0.38
TR TIA 0.88 +0.54° 0.90+0.51° 0.89 +0.44

°P<0.05 vs B4E; °P<0.05 vs pSiHBV/PTFHA.

1.6. LAl W pSiHBV/P W i

1.4¢
1.2F
ﬁﬁon—
0,61
0.4}
0.2+

0 1 1

0.7 kb mRNA

HBV mRNAFJHHT
%
.
o

3.5 kb mRNA S-mRNA

B 4 RNAFHXIHBY mRNABYHNHIHER.

600

400
300

200

100

B 5 RT-PCRYIEFHPEHZKE. M: Marker; 1-2: 3.5 kb
mRINASEK X (CHERX) 3174, 3—4: SEEIHIX I HE7=47p;
5—6: 0.7 kb mRNAFLR X (XFLH )T 1774, 7-8: SMEp-
WLzhEE (IR B4,

BAAMREMSE 55—, RNALEA & R Sk, B
AFANA IR BC IR WA TP B St
3, RNAUHA ARhE, A5 IsiRNARE ] 2
FHIHBVIIER; 56—, LB EIEH, siRNAK
5 BUE, Ao g R AR e 40 i b 0% S N 5
P4, HBV4=K:3.2 kb, 173.5 kb. 2.4 kb, 2.1 kbl
0.7 kb 4R A, AIERIEECH DRNAIAE A7
AL, FEIEPERNAIAL I W25 SR AT X 35, T[]
IS A 22 AN, DRI A7 0905 1k 0 i A S Bk (1)
B 28 T, RNAGKAE AR 25 (0 51, Af
PLVRAMZ AU AL, Li et al™ FHsiRNAFI
ek e A HepG2.2. 1540 il FHB VI &2

i, U T B ok S P sIRN AR 7 K R 5 2
PR,

RNAMfEN—Fgi AL MHHB VIR T BR, &
AR T RUF N FH AT, (HRNAVE N H T IR, H
LR R PE RN R R . ARBN ) 2% B T ik
P I A B HE e 51 55 1) AT A A i e, Lo n A
WFT A BT R R JTORL 2 A, 45 HLAT T 2% 5 3 )
PE, W] e LR,

4 B
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