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Abstract

AIM: To investigate the inhibitory effects
of hepatitis B virus (HBV) preS2 gene-
specific locked nucleic acid (LNA) antisense
oligonucleotides on HBV replication and
expression in HepG2 2.2.15 cells.

METHODS: Three LNA antisense oligonucle-
otides of different lengths that are complemen-
tary to the translation initiation region of the
HBYV preS2 gene were designed, synthesized
and introduced into HepG2 2.2.15 cells by cat-
ionic liposome-mediated transfection. Hepatitis
B surface antigen (HbsAg) and HBV DNA levels
in cell supernatant were tested by time-resolved
immunofluorescence assay (TRFIA) and fluo-

rescent quantitative-polymerase chain reaction
(FQ-PCR). The inhibitory effects of different
antisense oligonucleotides on HBV DNA repli-
cation and expression were compared. The cell
toxicity of LNA antisense oligonucleotides was
evaluated by methyl thiazolyl tetrazolium (MTT)
assay.

RESULTS: On day 1 after transfection with
LNA antisense oligonucleotides, the expression
of HBsAg and the replication of HBV DNA were
inhibited. On day 7, the reduced rates of HBsAg
and HBV DNA levels were 45.79%, 52.92% and
67.21% as well as 35.15%, 40.69% and 52.16%
in the non-modified antisense oligonucleotide
group, all-phosphorothioate-modified antisense
oligonucleotide group and LNA antisense oligo-
nucleotide group, respectively. LNA antisense
oligonucleotides showed the strongest inhibitory
effects on viral activity and had no impact on cell
metabolism. Compared with the control group,
the reduced rates of HBsAg and HBV DNA lev-
els achieved in each of the above groups were
significantly higher (all P < 0.01). Moreover, the
reduced rates of HBsAg and HBV DNA levels in
the LNA antisense oligonucleotide group were
significantly higher than those in other antisense
oligonucleotide groups (all P < 0.05).

CONCLUSION: LNA antisense oligonucleotides
targeting the preS2 gene can effectively inhibit
the replication and expression of HBV in vitro.
The preS2 gene can be used as an effective target
for gene therapy of HBV infection.
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Fik: 2 A M EEEZANTHBY preS24 B
mRNAERFAL LS X ] — Fefa b B AA% BR
BRRRB L TR RS EM R AL
X5, AT BT AR AR BB KA,
A8 THepG22.2. 1548 i, 5K A B 18] 9% S 9%
R A A(TRFIA)Fo 38 2 2 REBabE AR
(FQ-PCR)%) A& 20 ft L &% P HBsAg#e
HBV DNA# 4%, jf b4 L 44 HBV DNA £
5 A AR A T AR Rk BE(MTT) %
i LNA 5 4 L 4 A

R mALNAE $1X, BB IATHBsAgk
X foHBV DNAZ ) e937H#4ER, $7TX, &
AR RS R AZFBR 2. A BARAEAR BOSUE A%
FER4L. R AiAZ R 45T HBs A g & A 64 37 4)
F R iK45.79%. 52.92%A267.21%; *HBV
DN A £ 4] 89 47 %) 5 5 %1 1£35.15%. 40.69%
F252.16%. H PLNADPH) 5 & P 3% BLxf
wm R, ST RAILE A R
b2 F(39P<0.01), AR LLNAZL ik
ASODNZA L& AL A 221 £ F(39.P<0.05).

L5 A afpre S22 B 69 B OSU B A% BR Ak Sh Ak
AP HIHBV ) 4 5 £ A, preS2& B 7T 1F
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LT 9 % (hepatitis B virus, HBV) & —Ffj™
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AR Mk, IRR TR, AR
RNNFFRBHBVAYRAEEZ N, O&
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oligodeoxynucleotide, ASODN), A g4I
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preS28 Ak, MITTREIHBYV 1 & i 5 Rk,
R TAE 4t ] XFERZAT IR A e Ve 22, 43 TR
ACHE DA IR, YUK BRI AR e ) 59 55 IR, —
BABSHESCR. 8% (locked nucleic acid,
LNA)JE BT & 0 1) — ey PR 85 84 T AUBipR
EMOIR A TR AT AR, RAT et T
FACRE S PUKIR N B ARt 58 ) s AMIC 7 1 55
PRFAL2I T Ay RS R Y7 IF 5T AT ) 4
s BRATHT AR T AR W, B SEE IR ) i X
B R e FAMEIHBV I S ) 5 2k o T
B PR RE W HB VIR R0a 7 SR, 3K
AILERTIWFIT Lm0 b, BETHER X pre S23E A1)
S LNA, LLHepG22.2. 1540 i Jy SEI6 %t %, B &S
TRE AR B2y R R, 3 b A I 40 ks 77 E3d
W HBsAg S HBV DNA S 8484k, FR 1 HAM 6

1 #RRT3E

1.1 ## HepG22.2. 1541 Jid thh + B A\ R AR I %2
J P A X R [ )l VA T RO A% A Ak
JJHBV DNAA LN % JLJHHm 41 il RHep G2, fig
T iHBsAg, A% MR FE T G418(380
ITI1). 100 mL/LJf 4 i3 1D MEME 7 1
H1, 37°C. 50 mL/L CO,%/F F5-6 dfeAR1K;
DMEMI; 773, G418 HGibeor™ vy A4 1L
I B BT M PO 22375 23 7 ; Lipofectamine 200004 H
Invitrogen/s l; HBsA g F Al il 7l & 4 75 I
WAV EARAT A F] 77 i HBV DNAGE S
DUARFR) 65 9 AR PN VC I A= A7 R A 7] 7= b I T
I3 WG 338 G B AR A T3 P BT A e AR AT B
ONF]FE i 26 E BPCRACK JE [F ABIA 7] 77 .
1.2 7%

1.2.1 XLNAKR BEAREEH: EXHBV
(ayw¥l)preS2 mRNARH PR UG X ] — {7 55
(3201-3214 nt) 73l B 14 s LR LB 1428 i
AR (D)AREM R TR, L7 5104:
5'-tecactgeatggee-3"; (2) AR ST IR, )
FEFA IR, AmAEM, 3)R XBUXIR, ks
4N 5-TccAcTgecATggCe-3', Jirh, 64K'5
FRHUELNA, 8NN FEHUKDNA; (4)8
KX 741, Bll5'-ataagcattacat-3". DL P
BLASTHEER 5 A RIS 196 [E Genelink 24 7] &
BB 4l

1.2.2 A5k & R SULN A #1145k 5
NINA#ZL  10HHI 8 73R4I (1 pglk XLNA+10
nLfEFAA), S FEFE L hE, B SRE e s

AT B 5

RS A% B F R Ak
AN TFAEMFN
FHARERHEK,
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ATFTAEFE, B
M, BHREE
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WA # AL

AR5 B JE AT 0 BF

R A b 4

preS2Jk B & it 4 B#E

AFESLLNA, % payiil BRI — — s T —

# 5 A F#HBV FIX FIR SR SR

BPAE AR, =ENWR 106.97 £8.02 107.23 £7.31 107.45 £ 7.83 106.15 + 7.58 108.72 +7.94
ToFEHINR 106.32+7.22 108.15+7.52 107.38 +6.91 107.47 +7.16 108.10 + 7.03
KIBIMASODN 107.30£7.11° 96.81 +6.76" 75.92 +5.83° 69.12 +6.10° 58.17 + 6.98°
A IBIMASODN 106.91 + 7.53° 86.42 +6.94° 73.42 £6.22° 61.83+6.85 50.33 +6.58"
Y LNA 107.40 + 7.07* 78.19 + 6.48" 61.53+6.18" 42.95 + 6.05™ 35.22 +5.97

°P<0.01 vs BIYEISIVIRZ; P<0.05 vs ASODNZ.

JFAA-LNATR A ).
1.2.3 HepG22.2.154m i3 7 5 45 4 ¥ HepG2
2.2 1540 i d%1 X 10%/LEFh T 96 fLET F- M, FE4L
100 pL, BESNA(EIARMEIMHASODNAL, 46
RASODNA . Je XLNAZ . J&o I 751 1
A2 AR L), R e N AL, frdl
LD B i W R 77 VR (-20 C ERAF), 43 AE
F MRS — RIS LNAK Y 10 umol/LIT)
LNA-Lipo-DMEMIE& 1 mL, 705031, 3.
5. 7 dBCEE S LI IR LI IARAT T-20 C AR,
1.2.4 35 LR HBsAgs2n 2 KA 5
HEt s 9 AR (TRFIA), ANFES 3K, H
P, ™R U A PR
1.2.5 3% LA %HBV DNA4ZR 2 K]S
i 26 6 10 5 B Wi e BV (FQ-PCR)VAAT M. HY
B9 IS0 pL, SR AR DNAREGH, 7
MR, 100°CHEIEALFE10 min, 1200 r/min 2 .C»
5 min, B2 uL_ B3 FPCRENE H IF I KW
W, BAABIIE2S uL, O A N 7 E JPCR
X, P84 1E: 37° CARR2 min, 94°C FiAE 13 min,
94°C 5's, 60°C 40 s, HL3SAMEIR. HiHSHL A
H 303 b B e I 9605 5 I S H e w A R,
KA 10 77 150 HBY DNAY-3
5 )UK
1.2.6 LNAXT&m it 64 il : K HIMTTE (432
AT DULIN A 48 JH A% 28 )55

it T 50 mean +SDEIR, W H
SPSS13.04¢ v XA FAb 3, 41 17] Bk 45K FH Two-way
ANOVAJ; %53 M (LS DK 56, P<0.05 4 7 5 1L
gt L. MHIER%) = (HZEN-H 25 )5
NY/H 251N X 100%.

2 BR
2.1 LNAXHepG22.2.15%8 S HBs Ag & A #) % v
IIALNAJG 1R, B BLATHBs A g3 i

YER, 53, SFITRI, S 40 HBsA g%
IR RIBIHASODNZH29.25%. 35.58%F!
45.79%; 2HAUEIHASODNZ31.32%.  42.17%
F152.92%; & XLNA#142.71%. 60.01% A
67.21%. 4155t 4] Ll Ac Ay 2 v 22 (3
P<0.01), HJx XLNAZ] 5 HALASODNA] L5
AR ENETE 5 (34P<0.05, #£1).

2.2 LNA*FHepG22.2.1540 . HBV DNA £ %) 9 %
e IIALNAJG 3K, RIS HBY DNA K
FHMEIVER], 285 7RI, & ZHXHBV DNA [
HIZI 5 RIEMIASODNZ28.26%. 35.15%;
ERAIBIHASODNA32.67% 40.69%; & X
LNAZ4147.47% 52.16%. %215 %} B4 be a1y
H R ENEZERP<0.01), H I XLNAZE HAb
ASODNZ FL Bt A7 il 35 2 5 (341P<0.05, £2).
2.3 LNA-Lipoi A4 stHepG22.2.15 % it 7& 1
#9%m M7 dfE, RAMTTL Gkl e & 41
AfE, ERITH. RIEMASODN, 2t
HMiASODNAFI 5 XLNAZH A 7 %) R 1.18 £
0.05. 1.160.04. 1.15+0.04F11.14+0.04, 5
25 16 B2 (AR 1.23 £0.04) EL A 3 0 25 Sk,
FWILNAT 4H g He A T 75 1.

3 171E
HBV DNAZ /DA AN TP HER 2 S C.
P. X, Hif, SIXEHBV DNA ) — /> 5 8 iz
FEHE, fl4EpreS1. preS2HIS 3L, JLIa] 4 hY
F1 3894 2 SE MR R L 4L Bk (1) — Fh & (1 0, A2 SIX
IR/ D i 8 =N R LN/ /SN i S N
HEHBsA gl EBALGES/r, NMUSH5HBV
R IR L 5 3, I8 5 HB VA I 40 it 9] 1 %
PR B A O

AW FUE K preS2HE R B vt A iU LLNA,
HBH &7 IR AN S, LlHepG22.2. 1541 g}y 1ff
G0 G, A A0 R 5% i O HBsA g
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i A%E
ABFER, A
preS2 A # BSL
B BR AR I R A
. _‘I___ g7
par:| FRZAAl ARG Z #HHBV & 4
FEIX L X L ZES # 5 4K, preS2
ZRENIR 5.49+0.17 5.39+0.16 5.40+0.17 5.48+0.19 5.55+0.16 AR THA A
ToRFBHINIR 5.47+0.17 5.38+0.14 5.42+0.13 5.61+0.17 5.58+0.18 sz%?‘fé j?\?j
KBIHASODN 5.52+0.15° 4.90+0.17° 4.39+0.15° 3.96+0.17° 3.58+0.14° )jli?g; 2?4;];%
2RABIMASODN 5.48+0.19 4.81+0.16° 4.10+0.15° 3.69+0.18° 3.25+0.15" ERBETERL
Y LNA 5.54 +0.15% 4.50+0.18" 3.42+0.13% 2.91+0.19% 2.65+0.14> FAE.

*P<0.01 vs BISEIRIVIRL; °P<0.05 vs ASODNA.

FIHBV DNAZKF- R BAb 7 3. 2559 Wos,
B XtpreS2FE R x SLLNA, 1Ak &k BE A 24 411 i
HBsAgfRk, LA 25 = nl1867.21%, HEf
5 FH IR ) G 5238 a3y, 3X08 4 [l XLNAH
FHHBVIIE RGO 7 E T S5 M. =
LA A S A Ve, B TR
WL WL R K W, x X LNAXHBV DNA
(10 S A H R, 0 0 5k 52.16%, iR
AR BEELNA KGR . SRy R I 4 A B
TRV R IR I, AR A 7 LN A i R Lk
N AZ N, 456 35 5 R 4lccc DN A g i 4
b, TR RERAL T, IR KPR 45
PURTERCR, AR NS A R T2 20 1wt
5. - THBV DNAS A WEHe Z A8 H, 752 6l
T v G e AR AR R T SO 2 A T U
R ER 2905, BRIk, 175 ZEF I 2 SE R
PUHBV 2557 1507,

AN, HEMTTLIE (. i T2, 3640y
Fo. g S8, UIF SELN AT 41 i (i Q5
T R EE R,

S, E X pre S2HE A [ je LN AARSMGE
AMANHHBV IS H 5 RIA, MpreS23EH I1E N
LA G SRR TT 1A R4
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