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Abstract

AIM: To investigate the inhibitory effects
of locked nucleic acid (LNA) antisense
oligonucleotides targeting hepatitis B virus
(HBV) S gene in HepG2 2.2.15 cells, and screen
effective LNA antisense oligonucleotides.

METHODS: Four LNA antisense oligonucle-
otides of different lengths that are comple-
mentary to the translation initiation region of

www.wjgnet.com

HBV S gene were designed, synthesized, and
introduced into HepG2 2.2.15 cells by cationic
liposome-mediated transfection. Hepatitis B sur-
face antigen (HBsAg) and HBV DNA levels in
cell supernatant were tested by enzyme-linked
immunosorbent assay (ELISA) and fluorescent
quantitative-polymerase chain reaction (FQ-
PCR) 24, 48 and 72 hours after transfection. The
cell toxicity of LNA antisense oligonucleotides
was detected by methyl thiazolyl tetrazolium
(MTT) assay.

RESULTS: All four LNA antisense oligonucle-
otides (10, 15, 20 and 25 base, respectively) could
inhibit the expression of HBsAg and the repli-
cation of HBV DNA. Seventy-two hours after
transfection, the reduced rates of HBsAg and
HBV DNA levels were 46.58%, 54.38%, 72.43%
and 69.92% as well as 27.09%, 28.77%, 34.71%
and 32.68%, respectively. No obvious cell toxici-
ty of LNA antisense oligonucleotides was noted.

CONCLUSION: LNA antisense oligonucleotides
targeting HBV S gene show strong inhibitory
effects on HBV replication in vitro. The optimal
length of LNA antisense oligonucleotides ranges
from 15 to 25 base. LNA antisense oligonucle-
otides targeting HBV S gene have a therapeutic
potential in patients infected with HBV.
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(5'-TtCaAgAtTtgtaGtgtgaC-3', 74 K'E - h)
RELNA, 13NN FRMUEDNA), LB
¥ 1 5% [F Genelink 2 ] 5 B A M -4l

1.2.2 Rg ik L E R LLNA# 4 & I8 TS
SMLNAFZL © 10E0 B 78 737821 (1 pg/x LLNA+10
uLARFAE), =il PR E 1 hia, SRR e 1 e
JRAR-LNATR &Y.

1.2.3 HepG22.2.15m M3k 5 # 4 ¥
HepG22.2.1540 jo 421 X 10°40 il /m L3R 196 L
BRFRb, BR4L100 pL, BOE6NAL(ENFA T 4.
P4, FPAIIIdls FEAIVal. Tok7541
FIAINZS 25 O R4, Rl e AL, £
20 6 DU B I R X 7R S W(-20 CHRAT), 43l
TES AL —IRPE IS LNATE S 10 pumol/L
[FJLNA-Lipo-DMEMIE &1 mL, 737l 124, 48
72 S A4 FLET 9% i R A7 T--20 C AR,
1.2.4 ¥ LR HBsAgé 202 KHELISA
%, B3I, OO, MRS R Ut
UIREEC (o

1.2.5 ¥ L& &HBV DNA4 SR & K H 5L
I 5% s 2R A i SO (F Q-PCR)YZE AT . HX
5 EISWS0 uL, InAEEAFDNATRRGH, 7
A3, 100°CIEIRALFE10 min, 1200 r/minf.Lr
5 min, B2 uL_ & FPCRX M H IF I b

www.wjgnet.com

W, AR5 uL, # R VAR % E TPCR
A, 184 F: 37°C A2 min, 94°C T4 3 min,
94°C 5's, 60°C 40 s, J35MIEFR. it EAL AT
H 20 70 B BSOS I 96 A 5 I v S H e a5 R,
KAV EECTME R 50 T HBYV DNAY-)
P2 UL
1.2.6 LNAxY 48 feu by Fbeabml: SRAMTTLI (32
I IN AT 4H A 4 PR 5

St i S mean = SDE R, W
SPSS12.04c TH A Ab B, 25 21 IR 340 55 L35k H
K2 7 25001, P<0.050 % 5 B G222 X
HIZ (%) = (25 R1TP/N-J 24 J5 P/N)/(JH 24 i
P/N-2.1)X 100%. H:: P/NZE R BH LA (/P
FLATH.

2 BR

2.1 LNAXHepG22.2.1540 lbHBs A g & iA 64 %5 v
LNAMIA24 hfii, HBsAg) 7 B RIIF 45 N %,
HF B e bt i ) 538 s a9, 72 h)a MR R
Rl ik72.43%. SR LA B ZE (Y
P<0.01), 5% 41 Huit, HBsAg /b &3 1
N EGP<0.01), HAEFFHIL-IVAL)(RI15-254
L) T R o W (R L, D).

2.2 LNA*FHepG22.2.1540 . HBV DNA £ %) 649 %

FBRATAY, A
AT hEukh
TR, AR AR A
fAE A a0, K
BE R AW T AE
R b #t—FiR
i+ 7 B LLNA K
Bkt 5 ik ik,
AT —F Rk
AP A,



3500 ISSN 1009-3079  CN 14-1260/R WFENHILZYE 2009512888 $17%  $3458
W@ 5 9 FEHEHBs A gl E B 7y, AMUSE 5
A SCHLNA B A RSN \ SHe b e 22
FHBY 8 5 % HBV Danef0ki [%ERL, 1 HIRZRE R AR 022

HF &R Ay
# mRNA &1 % A=
DNA A4 89 3 4k,
A — &8 E IR
B AR A
P

d24h
80l W48h
70 E72h
£ 60
it 50
= 40
= 30
20
10
0 | |

FHIT (10bp)  FEFITT(15bp)  FFFIM (20 bp) IV (25 bp)

B 1 RENERZEHILNAYHBSAGZIABIHNEIZR(%).

48 h

m72h
35
< 30
525
E 20
515
10
5

| | |

0 FHIT (10bp)  FFFITT(15bp)  FFFIM20 bp) 551V (25 bp)

B 2 FEEARSEIIINAXHBY DNAS HIFVHDHIZR%).

) LNAJIA48 hj5, XTHBV DNA )& 6746
IRAIVE L, ELA e Bl )R] S 386 a3, 72 h
S AR e A 34.71%. &4 IR EE R A
FEZE 5 F4P<0.01), SXT 4] HLE, HBV DNA
9% DLEE) N BRI B (¥9P<0.01), HLAEFH1 IT-IV
ZH A (RI15-25M08055) T Fdme oA B S (2, [&12).
2.3 LNA-Lipoi&-# st HepG22.2.15 48 JeL 7& M 49
Hem 253 dJa, RAMTTEC O350 58 529641
A, FEs) 1. 1. . IVIALE 25 k1,173
+0.049. 1.16140.042. 1.156+0.042. 1.147
+0.046, 55X EA1(A{R1.203£0.043) L)
To 7= S PE@P>0.05), 2B 856 Vi [ P LN AT 4 g
FEATCREE.

3 111E
20120904404, Patil er al'™ i YkARIE )
R IR AR PTHB VI LA I LK, ) A%
P2 e R YU s 5T LIS T AR K g {H
TAEGASODN I W B il 2428545 BB ) ANk
DA WA AEAS R 045 R 32, L0 15 Jk
PP IEPIVRTT — BRI R RO, 19944,
Rodriguez et al B IR K IMLNA, Mt —Fhr ki
KAZIRAT LW, A2 KR IR 2007 280 55 407 T 3 1o
A KA FH G A0 F R o B S B f
B8, A — Pl B R XU R, A LR 4t
ASODN B i (KA 3824 (1) 5w 1 Bk e
(2)HERIR 3T A4 15 (3) WL o K HUA% 12 il e
fERE T (4)FELF IRV I, BT Eh 2 N 40 S
(5) KT 40 Ha 17 75 R LA

HB VAR 2 2 /DA 74 BE R AR, I
HH SR DR I R 2 — 1252 S IR G i

nm (1 ERTERURL L K8 BU0RL, K A7 {E THBV
ol Mo b, JFBE M. MR RS
WA By I NP AR 3. B P ST N (1 R IA ]
RefHIHBsAg1) 43, MIMTTHLHBV Danefiifi
(12 L RTHB VUKL ) 3k, RAEPTHBV IIAE .

W 2E FR W], i PH & 7 I8 AR A 3 1 %
NLNA, 6438, K IEPIHBVIE
IR 3k I A8, X HB's A g I 40 i1 2 g5 v o] 3k
72.43%, H.Bf S SCLN A FH I ) 10 228 4K 52 08
Bl . X LG SCHR[3O1HRAE I I A FH e i) 22
Ko, J5 BRI AT g s SCLN AR S ML) M i i 1% B
fiftfie 1AL G ASODNE, XK 4y e XLNAH]
FHHBVIHEEFGI T W 4E TS5 M. 1
JLAM 2 R BRI &, B T — 2
WEFT. AT LSS FAB K, LNASIHBVAL
RELNAF I 2 RAFAEAR G, HIFABE
LNAJFHIK FE TG IR &, 1A e — AN i 7
BIK R, 97615253t 2 Ti).

Ak, [ XLNAXTHBYV DNA K& HI A
AR HANEIE R, BT BE LN AR 26
JI~ SRPURL IR B R AR B8 ) R R ARV E, (2
LN A AZ LN A, 45635
HBV SHERImRN AR FEE 4G A7 s T Y. 1R 5 B
HeccDNAMIGILEE |, TE il =544 51, M
SR SR AT R A MEIE I, JLAE RIALE
HETHE— 21T,

M, TAMNTSHE IR XLNA F B RS RE
WEMEHB VIR S0k, HAWEIEH &R
()7 FIK FEAE15-25 S 2 1], DAL, LNAH
FCAHTHB VIEE RNA ST 18T 8 53 1 254, [ I 4
Sy A 5975 11 5 RT3 5 Sk 39T 1A I FH T 5.

i At AR, R P BARMKES ME
R % EERGXEFEER) NEFRALIE
F6FHAE 0 I T I HALH A B, L IR R

4 B

1 Alter MJ. Epidemiology of hepatitis B in Europe
and worldwide. | Hepatol 2003; 39 Suppl 1: S64-569

2 Fleming J. Current treatments for hepatitis. | Infus
Nurs 2002; 25: 379-382

3 elSaadany S, Tepper M, Mao Y, Semenciw R,
Giulivi A. An epidemiologic study of hepatocellular
carcinoma in Canada. Can | Public Health 2002; 93:
443-446

4 Hassan MM, Hwang LY, Hatten CJ, Swaim M,
Li D, Abbruzzese JL, Beasley P, Patt YZ. Risk
factors for hepatocellular carcinoma: synergism of

www.wjgnet.com



NeEE, . £HWHBY SEEMRNAR Y HZERSTT N EE2.2.1 5B A S EH

3501

10

11

12

13

14

15

16

17

alcohol with viral hepatitis and diabetes mellitus.
Hepatology 2002; 36: 1206-1213

Kannangai R, Molmenti E, Arrazola L, Klein
A, Choti M, Thomas DL, Torbenson M. Occult
hepatitis B viral DNA in liver carcinomas from a
region with a low prevalence of chronic hepatitis B
infection. | Viral Hepat 2004; 11: 297-301

Hino O, Kajino K, Umeda T, Arakawa Y.
Understanding the hypercarcinogenic state in
chronic hepatitis: a clue to the prevention of human
hepatocellular carcinoma. | Gastroenterol 2002; 37:
883-887

Buti M, Esteban R. Drugs in development for
hepatitis B. Drugs 2005; 65: 1451-1460

Wai CT, Chu CJ, Hussain M, Lok AS. HBV
genotype B is associated with better response to
interferon therapy in HBeAg(+) chronic hepatitis
than genotype C. Hepatology 2002; 36: 1425-1430
Manns MP. Current state of interferon therapy in
the treatment of chronic hepatitis B. Semin Liver Dis
2002; 22 Suppl 1: 7-13

Liaw YF. Therapy of chronic hepatitis B: current
challenges and opportunities. | Viral Hepat 2002; 9:
393-399

Wolters LM, Hansen BE, Niesters HG, de Man
RA. Viral dynamics in chronic hepatitis B patients
treated with lamivudine, lamivudine-famciclovir or
lamivudine-ganciclovir. Eur | Gastroenterol Hepatol
2002; 14: 1007-1011

Song JW, Zhang G, Lin JG, Tang WX, Lin JS.
[Clinical study of lamivudine and interferon
combinate administration to inhibit hepatitis B
virus replication] Zhonghua Ganzangbing Zazhi 2004;
12: 593-596

Patil SD, Rhodes DG, Burgess D]. DNA-based
therapeutics and DNA delivery systems: A
comprehensive review. AAPS ] 2005; 7: E61-E77
Gruegelsiepe H, Brandt O, Hartmann RK. Antisense
inhibition of RNase P: mechanistic aspects and
application to live bacteria. | Biol Chem 2006; 281:
30613-30620

Wo JE, Wu XL, Zhou LF, Yao HP, Chen LW, Dennin
RH. Effective inhibition of expression of hepatitis
B virus genes by DNAzymes. World | Gastroenterol
2005; 11: 3504-3507

Wengel J, Petersen M, Frieden M, Koch T.
Chemistry of locked nucleic acids (LNA): Design,
synthesis, and bio-physical properties. Lett Pept Sci
2003; 10: 237-253

Inohara H, Obika S, Imanishi T. 2',4'-BNA
derivatives bearing an unnatural nucleobase:
synthesis and application to triplex-forming
oligonucleotides. Nucleic Acids Symp Ser (Oxf) 2004:

www. wjgnet.com

18

19

20

21

22

23

24

25

26

27

28

29

30

63-64

Braasch DA, Liu Y, Corey DR. Antisense inhibition
of gene expression in cells by oligonucleotides
incorporating locked nucleic acids: effect of mRNA
target sequence and chimera design. Nucleic Acids
Res 2002; 30: 5160-5167

Rapozzi V, Cogoi S, Xodo LE. Antisense locked
nucleic acids efficiently suppress BCR/ABL
and induce cell growth decline and apoptosis in
leukemic cells. Mol Cancer Ther 2006; 5: 1683-1692
Swayze EE, Siwkowski AM, Wancewicz EV,
Migawa MT, Wyrzykiewicz TK, Hung G, Monia BP,
Bennett CF. Antisense oligonucleotides containing
locked nucleic acid improve potency but cause
significant hepatotoxicity in animals. Nucleic Acids
Res 2007; 35: 687-700

Elmén ], Thonberg H, Ljungberg K, Frieden M,
Westergaard M, Xu Y, Wahren B, Liang Z, @Orum H,
Koch T, Wahlestedt C. Locked nucleic acid (LNA)
mediated improvements in siRNA stability and
functionality. Nucleic Acids Res 2005; 33: 439-447
Castoldi M, Schmidt S, Benes V, Noerholm M,
Kulozik AE, Hentze MW, Muckenthaler MU. A
sensitive array for microRNA expression profiling
(miChip) based on locked nucleic acids (LNA).
RNA 2006; 12: 913-920

Vester B, Hansen LH, Lundberg LB, Babu BR,
Serensen MD, Wengel J, Douthwaite S. Locked
nucleoside analogues expand the potential of
DNAzymes to cleave structured RNA targets. BMC
Mol Biol 2006; 7: 19

Braasch DA, Corey DR. Locked nucleic acid (LNA):
fine-tuning the recognition of DNA and RNA. Chem
Biol 2001; 8: 1-7

JEE, TAEE $INHBY SRR R IR TR
FERINHIRIR. [TIGEEZY 2006; 41: 205-208

gk, TAHAE. PHETARB A SOV S iR
PURBHTRITT. ERRA TR R A9m a8 2008;
35:149-153

Az, AL, EHEE. HBVSARAR I Aty
AT RBEEL N HBVE SRk fo s 5
NIHEZRE 2009; 17: 2338-2345

Funk A, Mhamdi M, Will H, Sirma H. Avian
hepatitis B viruses: molecular and cellular
biology, phylogenesis, and host tropism. World |
Gastroenterol 2007; 13: 91-103

Madden CR, Finegold M], Slagle BL. Hepatitis
B virus X protein acts as a tumor promoter in
development of diethylnitrosamine-induced
preneoplastic lesions. | Virol 2001; 75: 3851-3858
XZREE, PN, S8, SRIFIZL, okdt, 2207, BT
hTERT X B 5 RN AP, SERhiE s
SR 2006; 26: 381-385

mE FEZ W AT



