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Abstract

AlM

To investigate the antiviral effect of hepatitis
B virus (HBV) S gene-specific anti-gene locked
nucleic acid (LNA) in transgenic mice.

METHODS

Thirty HBV transgenic mice were randomly
divided into 5 groups (n = 6 each): blank control
group, negative control group (unrelated
sequence), lamivudine group, antisense-LNA
treatment group, and anti-gene LNA treatment
group. LNA was injected into transgenic mice
vig the tail vein, and lamivudine was given by
gavage. Serum HBV DNA was tested by real-
time PCR; serum hepatitis B surface antigen
(HBsAg) was determined by ELISA; the mRNA
level of HBV S gene was detected by RT-PCR;
and the positive rate of HBsAg in liver cells was
detected by immunohistochemistry.

RESULTS

On 3, 5, and 7 d after anti-gene LNA treatment,
HBV DNA was reduced by 37.18%, 50.27%, and
61.46%, respectively, and HBsAg was reduced
by 30.17%, 44%, and 57.76%, respectively;
there was a significant difference in HBV
DNA and HBsAg compared with those before
administration (P < 0.05) or compared with

2017-11-08 | Volume 25 | Issue 31 |
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control groups (blank control, negative control,
lamivudine, and antisense-LNA) (P < 0.05). The
mRNA level of HBV S gene (0.33) and the HBsAg
positive rate of liver cells (31%) were significantly
reduced compared with control groups (P < 0.05).
The function of liver and kidney tests and tissue
HE staining showed no abnormal changes.

CONCLUSION

Anti-gene LNA targeting the S gene has a
strong inhibitory effect on HBV replication and
expression in HBV transgenic mice, and this

provides experimental basis for gene therapy of
HBV.

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.

Key Words: Hepatitis B virus; Locked nucleic acid;
Anti-gene therapy; Hepatitis B
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Ik TR Jia%és% FmRNA(HBV S mRNA)
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BHEME3. 5. TR, RA RS
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AR LA e X LNAZEHBVIEIT R 7ok
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LN AGEA BAMHIHB VI E il fskik. 78
DNAK Hil/KF ErRIEREYT, HALHZ b sk
TR T R W A% T IR 5 8 3 XUEED N AT RF
E X E — Mg A, R —8DNASF, M
BELMT¥E B DR (R e s 5 ), SR “ IR 2
H ). AT AR SN RIS I 7 45 SRR B [ AL RVR YT
BEAT AN HIHB VI i 5 s, Tk —
SR S RILN ATE A P 00 82 3001, AL
EFXTHBV SHufidst it R EHILNA, HNE
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1 #RRT5E

L1 A# HBVEZERNR30 A, HEMESF, &
JRE19-23 g, T T N ARCZE DY 1\ EE B IR
NLNA. REFLNARZGA TAY TEAR
AT (CE )& R MR AR il 55 9Polyplus
ATl BT RCK R E B E R 22 2R SR i 2
G EBRA ) LR R R EBUR (hepatitis
B surface antigen, HBsAg)i2 Wi 77l & H Bk ikt
HH RIS B G BR A 7], LR 50 B AL IR
TR B (PCR-RGHREHE) W 1Lk
iR 7 R A B BR A &) ; TRIzol Universal /2t
RNA$HGRF. FastQuant cDNAS —HE5 1k
WH#. PCR MasterMix ATIANGEN/ fi; 7)h
Pt AHBsA g LA, @ H =5kl
A&, DABR AW H AT T2 &M ED
FARA R A A EE %GRS NOLYMPUS.
12 %

1.2.1 BABLNA# &5 Ak 43 R
g5 R, HBVEPR RIS Nayw. EHXTHBV
SYmtLEER] FHRNA structure® %11 [ FE A
LNAF B, FIHWalk(GE#)IhREE R AG37H
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A4 T R4k,
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LN A FE i 126 090 45 2R, 1% A w44 it i
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SR ENS%GLURFEEFILN AR A#250 uL;
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JRAK &, F10%GLURS B NE 5 44 2k N
5%GLUE FUA T 250 uL; )5 P 755018
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1.2.3 HBV# A F /) Zeg a2 KBNS
HEW30 AHB VI FL /N353 N5 H (n
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fEBAR). EXRFHAUSQ). HiK ke
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WA E BT REUNRF . B TFRNAGRA R
4% % 5 H RV LARAF

1.2.4 f7AHBV DNA# &M : K FHPCR-7¢
BAHERMIMEHBY DNA. 43 HIE30 pLfAf
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45 s, 55 °C 1 min, F£107MEHF; (3)93 C 30 s,
55 C 45 s, F304MEHE; (4)40 °C 20 s. ARIEFR
TR 26 1 5 A i HBY DNAKE.

1.2.5 oA HBsAgh ] ) F I i W b
IR M HBsAg, FEARERAE 7™ #1218
AU BIAT, S50 58 iE H B AR 3R H
450 nmiE K& FLODAA.

1.2.6 AFAEHBV S FmRNA# i : BUZE 24 5
TR R ZIRN AGRAAR AT, CEEEPE
HHINT mL TRIzolAN 4% &k /N A s 5 2,
FIRFHES min, 4 °C 12000 r/ming 210 min,
W, IS F R 2R, B0 5 UK AH(Z)
500 uL) R BB O8 B, In NSRRI R
REEIRA]. s 02 s, IINT5% L EE ik
UIUE, JJEMMAS0 uL RNase-Free ddH,0, 784>
HMFRNA. EBRRNARIUKETDNA, REET
UK F AT SR, 193 cDNATICE UK . £
PCRY 1A R I A2 X Taqg PCR MasterMix
12.5 uL+ cDNA 1 uL. £F%HBV SX i1
W59 M5-CTGCCTCTCCCTTATCGTCA-3,
514 N5-TGGCAAGGACCCATAACTTC-3'
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R 1 RERLNAIIHBY DNASHIBISZA (7 = 6, mean + SD, x 10° IU/mL)

N rale]
o4E L2581 b 3K E 1 VS
Control 10.21+1.05 10.00+0.98 10.26 +0.85 10.16+0.89 10.17+1.05
usQ 11.06+0.79 10.85 +0.99 11.00+0.80 11.02+0.79 11.06+0.79
LAM 10.80 + 1.41 10.73+1.42 10.42 +1.50 10.07+1.37 9.7141.27
Anti—S—LNA  10.62+1.11 8.84+0.88 6.87+1.16 5.88+0.87 5.81+0.84
Anti—-G-LNA  11.08+1.45 9.25+0.93 6.96+1.10° 5.51+1.01% 427 +1.23%

*P<0.05 vs #5Z4Hi; °P<0.05 vs Control. USQ. LAM:; °P<0.05 vs Anti—-S—LNA. Control: ZXEINIBLE; USQ: TTEEIINIIRAE:
LAM: REEKTENIRA; Anti-S-LNA: R WHIZIRNIRA; Anti-G-LNA: RERPIZIRZE; HBV: JBITRHRS.

A 80 W SOEHILNA
€0 O~ XINa
S [ ik
¥ 401
E
20+
0 ey ey ey
F3K F5K FTR
B 80
60t
s
40t
E
20t
0 e/ v Ao/
EERPN 5K EYPN
1 RERELNAIHBY DNA, HBV HBsAgHVINEIZR. A:

HBV DNAJ[I#[#; B: HBV HBsAgHIHIZE. LNA: Sif%E%;
HBV: CRUF 5525 HBsAg: (TR SRR,

%1 uL, INddH,0%hE25 pLiA &R, PCRY 444
N (1)94 °C 3 min; (2)94 'C 305,55 C 305,72 C
1 min, 3£3075¥F; (3)72 °C 5 min, PCR* ¥ K&
830 bp/ida. FIFEAF Y 3G 1) r ik 5%
5 N ZGAPDHZHAHX SR A LUAE, LA e
HBV SZE A mRNATE #1677 4 I R B
1.2.7 %92 4 RALFHARA M S AT AR LR
9 HBsA g4 2: T4 A EIE TR/ R IF
BT T-4% % 58 R VA T 72 24 h, Fgk—20
K. AtEaE, Y, KRH PR
SEVEERE, FEHTDABYE, AR E Y, B
PRI B U B 4. TR B Ok B 0
HIHH LI HBs A gl (15 L, LU S
LNAXS 41 il N HBs A g 4176 .

1.2.8 4 8 3h A A5 A7 AU M s Ko 7 AT
7 i ol = ) R o sV Nl - & (/i
SOPCAF AT #AE, 70 i H 4 H ¥
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H ARAE S E ], B ORE 2 S 5 Rl A I
MM A2 H(albnmin, Alb). 2 TR R B
(alanine transaminase, ALT). JR & %&(blood
urea nitrogen, BUN). L/ (creatinine, Cr)5 /T
B DhReFe AR, DLW IR T4 -LN AR & Y055 /)
BRUVE 2% Th e (4545 1 .

1.2.9 HEF EF A R, B IEE MR
mpa T MR BHAS ARG,
YIRJG, 89AKE. e, SRR T
WLEE /N RS TS Z . 4 i &5 1 1) SO A
LI BT i o3 A4 -L N AR A 0 06F /)N 5% 245 41 B 1)
A .

Bt AT RASPSS23.040 i 2 A
S3HT, ALIA) LGRS R 2 T 72 v i, e
mean+ SDF IR, F TR HNH] 2 [(WViH S RT-VVE
SR )NTE ST RT X 100%]. P<0.05 8% 7 2 AT 4
TR X

2 B8

2.1 B A FALNAXTHBV DNA# #p4) 2R 4524
Ji, REEHLNAXTHBY DN A Hil {30 5 H
FLER A, 553 5 TR0 45N
37.18%- 50.27%AH161.46%, 54525711 LA 4t
TH# R (P<0.05); 5 AXMA. TRTFF
H, PRk REH. RUBKRA LR, 251
Yt 25 U(P<0.05)(F 1A, %#1).

2.2 RAKHLNAANHBVA RHBsAgt#a 4
ZiJa, MIEFILNAXTHBs A g3 it 30 i 4F H
B, 3. 5. TRIE S 55 5
30.17%- 44.00%H157.76%, 5452517 LA 4t
TR L (P<0.05); 52 AXTHRA. TEKFF
H. FikREH. R XLNAAWE, Z7HE
it X (P<0.05)(K1B, £#2).

2.3 RAFHLNAXMHBYV SABEmMRNA# %

2785

WA # A 5

KA TR B Tk
8 ELNAS T %
N4t 2t dsDNA &
BB AL S R
ST EMA, @
i 3G 3R SR M
BT e Ae Tk
VAR F KA sk
HHBV &1 64 &
ERSPERE o
AHBVEILH %
IR R AR b
5 Rk IE.
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Wi2REE

KB RATSTHBV
SH A R R &
X 3% 3 A R R
ELNASF, &
BH. HFAH
i K F k¥ ot
HBVAH B %6547
HAER, HE A
4w Az R AR
F %A DNA Y
AR EHF, B
P B G )
Wi “ R

2] L.

J3aishideng®
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R 2 REEINATTHBVERIHBSAGHISZIE (7 = 6, mean + SD, OD{E)

N Prale]
o4e £29R0 ESbS 3K 5% EYES
Control 2.40+0.18 2.39+0.20 2434018 2.36+0.25 2404027
usa 2.325+0.32 2314028 2274035 2314025 2374028
LAM 2294028 2.23+0.28 2.20+0.26 2.16+0.23 2104019
Anti—S—LNA 2.26+0.27 2.01+0.28 166+0.19 146+0.16 130+0.16
Anti—G-LNA 2324035 1.95+0.41 162 +0.32% 131+0.29% 0.98+0.12°

°P<0.05 vs £5ZA0; °P<0.05 vs Control. USQ. LAM; %P<0.05 vs Anti—-S—LNA. Control: 2ENIB4H; USQ: TLXFBIINIRA;
LAM: HIHKFKEWRAE; Anti-S—-LNA: & WORZBAIIRA; Anti-G-LNA: RERHZEAE; HBV: ZFBTSHRS,; HBsAg: J 8

FFRETER.
A bp
100
INZGAPDH 250
500
, 750
HBV SHEX 1000
2000
B1l2r
! 1.0- H {»
X
i 0.8+
o
& 0.6 a
=
7z 04 ac
~
202}
0.0

1 2 3 4 5

2 BLAXHBY SEEEMRNARASZIM = 6, mean
SD). A: &ZH/NRHBV SERIMR NAZSA K E 7K A B: %
ZH/NERHBV SEERmRNAFANIE & 1: Control; 2: USQ;
3: LAM; 4: Anti—S—LNA; 5: Anti—-G—LNA; M: Marker.
'P<0.01 vs Control, USQ. LAM; P<0.05 vs Anti—S—
LNA. Control: 43X IRH; USQ: ToRFEFINIRZH; LAM:
FEKSE AT IR, Anti—S—LNA: 2 SRR ER AT IBZE; Anti—
G-LNA: MEKBRERH; HBV: (T KRR 5 HBsAg:
CRF AR

HBV SEFmMRNA X 5 BicDNAY 1Y 47
WER2ATR, SXRAX T, K LLNAL &I
FLNAXREMBHIHBY SEEmRNA K Fik
(P<0.01), 1B FERILN AR #0175 58(P<0.05,
2).

2.4 %A EACFE KM B B LN A% 48 47
HBsAg# % a1 G AL Rmss RER, &
FRLNAHFFHZY) i HBV HBsAgBH 4
L 2.(31% £ 6%) B &> FHK K @ H(78% +
5%) 2 2 LLNAZH (47% £ 8%)(P<0.05, E]3).
2.5 BAFLNAXAT . K ohaeeg®a HEV v

2786

Pt W5 %20 /N BT IE(El4) 5 (BI5)2H 4345
PTG B W O, A e BEILN AZH IfL 7% A lb.
ALT. BUN. Cr43 7l 432.2+2.6. 103.0£
6.7 5.06+0.47. 13.0+ 1.1, 5xEEAAALL, %=
FLG I E X (P>0.05), 8 [ FEFLNAX}
/INBR T B Th e e FL A 2R S5 M 34 T I B 5

3 I1e

HBVTERi #K LREFFDNAM B AL, 2 —
Fl/NEIA G 55, B AT, HBVA 75 NA-J
FE10F 3[R A1 P02 ot Ik PR 2R ST 3k — 25 4%
R TAREENE AL AT T3 E A HB VI [ A
FEONBRICH [F A2 o B W DB, T Y
NE, EEFAT T W R SR
X; CHE A CIC, AR, 3 2RAT T3
EAb X, REHBVRERFM AR, HIERFH
SERFEARFL, HB A2 — AN HZ93.2 kbl 4H
FSFRIAF T P Bl AR 58 4 SAEEDN AR 1, S64
AN TFF TSRS [X (open reading frame, ORF), HJS
X. CX. PXAIXX, H, SKFCX KT
TEATIHBVIE 2+ R 5F 16, ZHBVIILRF
(X, 2 3 KA T i B ARRE ALY SIX A HE Rl
S A, RIS FERAISHRN, % H I Z D
ATG, 7 HIEIE T 55284807 31720 F115507
B, JLEKIET 833 H IR, MRS, .
TS, NS HE R 4 i (1) SIS 2 TR O K B A, TS,
FNSHE R gl ) SME & A B, HHSHE R 2
T 1 B A AR /N R, 3FRAME 3L [
IR HBsAg. CXEFERTCFICEH, W#E A %
HIRIEEIBATG, 776 T 55 1814F11901 47
AR, JEFZ&IET 5524500 17 1R, HiRTCAn
CH N %iiYHBeAg, 7 EANHIAN, CRKGibd
HBcAg, ] AAT3A RHB VIR O k. itk
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120

el

g 80r

+H

[ani L

3060 a

%@40* ac
20/ ﬂ
0

A B C D E

m

3 Z4ARTLRLRHBY HBSAGDTHIERIDABRE x 200). A: Control; B: USQ; C: LAM; D: Anti—S—LNA; E: Anti—G—
LNA; F: RLANTFHAHBY HBsAgPHMEARIfIER. P<0.01 vs Control, USQ. LAM; ‘P<0.05 vs Anti—S—LNA. Control: 23H
SHBZH; USQ: T FHINBLH; LAM: FKFeE Xt IBZH; Anti—S—LNA: X SRR IBZH; And—G—LNA: FALRAikzRR

“H; HBV: OB 985 8; HBsAg: (U2 R m)E.

AL DL, SIX ANCIX g i 1) 2 A 5 993 2 e e AN
SRR R, 515 T A ENUR G N
R BB RTACH, TREREI 2R R <R
B EEE A7 520 EEANTE 32 7 T R R,
I3 B PRI PR T ENLAR S B RS AR A S 3 mT
BRERERORAE RIEP. —J5H, W%
BERHNEVESG B, SRR PR (WHBsAg.
HBeAg. HBcAg%)RIA R &, R 3EAC .
FREAAN G WA AR AN TR, 51 A B ORi8 1t Jk
77 T, R EEPUR S 3 A R e R e
L IRSE, G B SR N EE. EH A,
JREEIR ST X SFICIX [ R IA, A A e PR
BEPUIE A B, 3T R0 TR T . AR o
WA RR, B 2 T B A0 B 1) 2
AHEFEFTHBV SHE K] [F] 5 12204 [X 5 it
G RURIEFLNAS T, HFHE 7R 55
PHB VAR /N, 8 B 3 I HBV
DNAMIHBsAg & S bR R PEA HoT 2. 4558
&R, 452555 7RKHBV DNA. HBsAgili| %
3 A F61.46%F157.76%, HLAMH|E I BER A
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S, RS TR T A HRCK R E
H, 5 XLNAZ(47.83%. 42.48%)H L thA
R EZESE. WHBV SEFmMRNA. AFHZ]
Jr HBs A gBH VA B8 A B SRR E . &
R AL, £FXTHBY S3E K] [ PR X 1515 Bk
REEFLNAZ FEE S Fg M eKr L
BIXHBVA & & MMHEMH, ##7RLNASG T
REAT 20E I A FLEE N AR MO AZ N, R IR 45 6 3
HBV SEE K] (14 [5] SR M4 X JE R =B = A8 73 1,
MM 350 3 B 5L R I e S gk, AR
MU Rt — 0 L. 5 SURITHIEL, R
BRIIR 97 AT AU Sk FEL BT 55 2 55 DR 52 1) 5 %
Mt 3, A EETE AR ) BT T 2EDNA
S5, Mo SGRIT HILRF 25 “
7]

BEAh, R FEFLN AT G /N RIAT . &
DIR HEBY K i35 FE & S ae4e bR, 55t
FRZELAH LG R AR B A%, 0 e i LN AR
INRIRE S B Thie LA S8 K3 T I B R
M.

2787

mzAwn#E
BB i 47 (anti-
gene therapy): H4%
B FERPLEMF
B 55 3edsDNAF]
AR A
T Ry 3 = 8%
45 My, FLE$eDNA
LR, X
B -FE&ase,
M 52 B4 ) de,
AR L Rk
R . ATk
mRNA 4% 5 F
Sy A A de s 64 8
XA R R AR
R, MARZ A BRI
BB AT #%).
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WA 45t

A A F 4
W5 A,
RALH A, A A
Bk B A T
B a9 K 69
FHAEH, A
Il L B R
E, AR R
AT—RF 8 5k
Aot ik, HEE
i, AAIEMR.

4 BERFIEEI R ERERSERNESSRHE x 200). A: Control; B: USQ; C: LAM; D: Anti—S—LNA; E: Anti—G—LNA.
Control: 43 FIR IR USQ: TEHRFEFIRIRL; LAM: ALK R ER IR, Anti-S—LNA: SOCBWEERAN IEZ; Anti-G-LNA:
LR SR

5 FHRBIFUA BRSNS RMHE x 200). A: Control; B: USQ; C: LAM; D: Anti—S—LNA; E: Anti-G-LNA.
Control: 23X HEZH; USQ: TERFFHINIEZH; LAM: FKFRERTIEZ; Anti—S—LNA: 5 X I HEZH; Anti-G-LNA:
IR SRR

(49
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