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Abstract

AIM: To investigate the inhibitory effects of locked
nucleic acid (LNA) antisense oligonucleotides
targeting the purine region of the hepatitis B virus
(HBV) preS1 gene in HepG2 2.2.15 cells, and to
screen effective LNA anti-gene oligonucleotides.

METHODS: LNA anti-gene oligonucleotides of
different lengths that were complementary to
the purine-abundant regions (2 941-2 962 nt,

3 015-3 036 nt and 3 089-3 110 nt) of the HBV
preS1 gene were designed, synthesized, and
introduced into HepG2 2.2.15 cells by cationic li-
posome-mediated transfection. Hepatitis B sur-
face antigen (HBsAg) and HBV DNA levels in
cell supernatants were tested by time-resolved
fluorescence immune assay (TRFIA) and fluo-
rescent quantitative polymerase chain reaction
(FQ-PCR) 1, 3, 5 and 7 d after transfection. The
cell toxicity of LNA anti-gene oligonucleotides
was detected by methyl thiazolyl tetrazolium
(MTT) assay.

RESULTS: LNA anti-gene oligonucleotides
targeting the HBV preS1 gene showed strong
inhibitory effects on HBV DNA replication and
HBsAg expression in vitro, and the effects were
time-dependent. Seven days after transfection,
the reduced rates of HBV DNA and HBsAg lev-
els were 64.32% and 67.51%, respectively. The
inhibitory effects were significantly different
between each experimental group and control
group (all P < 0.05). The inhibitory effect of the
LNA anti-gene oligonucleotide targeting the re-
gion 2 941-2 962 nt was most strong. The optimal
length of LNA anti-gene oligonucleotides ranges
from 20 to 30 bases. No obvious cell toxicity was
observed with LNA anti-gene oligonucleotides.

CONCLUSION: LNA anti-gene oligonucleotides
targeting the HBV preS1 gene showed strong in-
hibitory effects on HBV replication in vitro. The
inhibitory effect of the LNA anti-gene oligonucle-
otide targeting the region 2 941-2 962 nt was most
strong, and the optimal length of LNA anti-gene
oligonucleotides ranges from 20 to 30 bases.
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AR AR ST, FWELEHepG2 2.2.15%8
AL PRS- R DR &

ik 4H3HBV preS] dsDNA#I2 941-2 962 nt.
3015-3 036 nt##3 089-3 110 nt = A F vgeb
X, #| FIRNA structure#k 4 5~ 71 3% 3+ & s 4 4%
B, BRARFEZFR., REMERFTRALX
xt B -3, VAR B F g R F 3 2 Hep G2
2.2.15%m 00, R RN E 2 RABbE R AR
(FQ-PCR)Fe i I8] 59 %, 7% 3 XX R(TRFIA)
S, 3. 5Fe7 damfess A LA R P
HBV DNA#=HBsAgty&%; v 7 IA% F e
(MTT) A0 45 A% B2 % 4@ ROAX 34169 75 7.

Z£R: RIARS BT MmN GHBY DNA
S 4 5HBsAgk kA L ayIphl4E R, By
B R AR 23 G AR, T dE I R o R
F64.32%F267.51%. & 5 Wt B b4k
£ %3 BA %t 2 E L (3HP<0.05), M3
2 941-2 962 ntl) R R w432 X 69 LN A4 4] VE A
Ri%, HxiE 53 K E #20-30 bp. LNAX 48
RO TR TR

2598 4 xtpreS1 dsDNAF] Jvgva X ¢ R Ik B
BB T, RN REA A HHBV &g 24, vA
142 941-2 962 nt¥efisl B & 1%, H A& 57
¥ & #20-30 bp.

KR REBIE; ZRIRT SR, SR, ER IRIT
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HEERIEYT (anti-gene therapy)ie H4F & 258 I
AL IR 5 FEXUEED N A [7) S8 g 1 ol [ SR W [
L —PE g AT R = IR 450, BLIESEDNA
HEGM . HxNrEEALS, MR
5 A, S« SRR )2 H ).
T (5 S ADNALI RN A& — A1 415 K
KPR RE R, T S RNVR T 2 A0 e s K P R AR
H, BT HEAE B KT R A R s SRR IR 7 ik
AR %R (locked nucleic acid, LNA)& B
RIRIE)— Ry HOR G544 (A R AT A=, 53
b SEARZAFRRAH L, HAT o i e B, &
BRI 53 1 A4 A0 8 2 S AR R R IR TG A A
972 RalNC8 €071 e 72 ey SRE (11 5 G
S TS R, o B 2 0 B
(hepatitis B virus, HBV) 8/ FlpreS2""'mRNA
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PR S OB IR P BRI B0 A R, R
FEANHIHB VA HIEH. 4 T ik — 2 Wi 4
P Be A5 0 N 40 A% N, #0I BEccc DN A&
52k, AWF5TA ST HBY preS7 dsDNA = F]
SR DX A ARV B “ R B IR 741,
AR AR S5 YeHep G2 2.2. 1540 o bk, JA 5 H:
PUREEBCR, BT O P THBY 25409 1

1 MRRSE

1.1 ## HepG2 2.2.1541/li HBV DNA(ayr
P RY) 4 DR Gl TR Al R PR, e AR E Wi
HBVEH PR (HBsAg), Hid B A RMRE
PN DX A X Ol PR A B, T R
B 22 B I K AR A6 5 20 A B0 = B 9% T
G418(380ITI1). 100 mL/LiA4:ILiE DMEM
B3k, 37 C. 50 mL/L CO,4M FAE5-6 df%
fR17; DMEME;FRHE. G418%5 1 HGIBCOA
w); 2R IS B BTN DY 2R3 A 7 Lipofectami-
ne"20000% [ 36 Finvitrogen/A ; Y¢)6E FPCR
KrIHBY DNABUH & A RYIILE A E); HBV
RIMPUs (HBs A )& &k IR 77 6208 B o5 N7
WAL BARAT B2 w5 ] 18] 43 1% 4o 5 56 e
3 B 5% Wallac 2y 75 SEI & EEPCRAUE H 3¢
FE ABIA .

1.2 7k

1.2.1 BRAFLNAL B LLNAS S5 545
NCBIERH LR FHBV ayrii 4 JE K4 5
%1)(3.2 kb DNA, NC: 003977.1, GI: 21326584), ]
RNA structureR{FEF A aiZ e r)2 941-2 962 nt.
3015-3 036 ntf13 089-3 110 nt =/ [F] KN4
DX 43 ) BT 5 4% K BE AN A I S Bk R S A% 1 IR
JEFI): (1)2 941-2 962 nt[r] B [X: 5'-gAAcg-
cAgggAccaA-3'(15 bp, & X HSQI 1), 5'-gAAc-
gcAgggtccaActggA-3'(120 bp, & X HSQ I 2),
5'-gAAcgc Agggt ccaA ctgg tgAcgg-3'(25 bp, &
MoNSQT 3), 5'-gaAcgcAgggteccaActggtgAcg-
gtAage-3'(30 bp, E X HNSQI4), 5'-gaAcg-
cAgggtccaActggtgAcggtaAgcttace-3'(35 bp,
E X NSQ I 5); (2)3015-3036 ntfi] SEMEIA[X :
5-AaaTgcTeegeTeeT-3'(15 bp, & X ASQIL1),
5'-aaaTgcTecgeTecTtaccT-3'(20 bp, & X ASQII
2), 5'-aaaTgcTecgeTeeTtaccTgaacg-3'(25 bp, &
MCNSQII3), 5-aaaTgeTecgeTecttace TgaacgAg-
gca-3'(30 bp, & X HSQIL4), 5'-aaaTgcTcecgeTect-
taccTgaacgAggcaggcat-3'(35 bp, & X HSQII
5); (3)3 089-3 110 nt[rlZRIERS[X: 5'-AgTgtTgt-
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[ DB 10 xR 1 HEAFREEAIRERBAZESHIFHBY DNASHIEVER ( x 10° copies/mL, mean +SD, 77 = 6)

KA R E R
LNA%S F 3l A4+
sFdsDNA # Bk
B AR T
LM AR, A
T3 3% SR A R
2 F 69 A8 A
L &
HBV &4 69 5%
B & 97 de i, A
HBV R & B %7
i R

D4R od 1d 3d 5d 7d

OB 6.102 + 0.321 6.105 +0.325 6.110+0.316 6.108 +0.320 6.112+0.322
ToRFEIINIR 6.110+0.332 6.058 + 0.360 6.120 + 0.352 6.118+0.348 6.201 +0.355
FARIRSXEI 6.106 +0.318 5.915 + 0.405 5.923+0.418 6.012 +0.401 5.951 +0.422
2941-2962 nt¥EX 6.113 +0.325" 5.024 +0.423° 4.251 +0.434° 3.025 + 0.402° 2.181 +0.388"
3015-3036 nt8EX 6.120 + 0.344° 5524+0431°  5.102 +0.435° 4.612 +0.429° 3.910+0.441°
3089-3110 ntgBX 6.118+0.335° 5382+0.415°  4.850+0421°  4.258+0.418°  3.621+0.425°

°P<0.01 vs ZEWRB. TERINSIEBARIZISKELI; P<0.05 vs 2941-2962 nt#LX; °P<0.05 vs 3015-3036 ntZLX.

caAtaTg-3'(15 bp, & X NSQII), 5'-AgTgtTgt-
caataTgcccTg-3'(20 bp, & X ASQII2), 5-AgT-
gtTgtcaataTgcccTgagect-3'(25 bp, & X ASQII
3), 5'-agTgtTgtcaataTgcccTgagecTtgggce-3'(30 bp,
& A SQII4), 5'-agTgttgtea ataTgececTgagecTt-
gggccAatg-3'(35 bp, & X NSQIIS); (H4itkE
[F] IS X 7 471): 5'-AttgggA acagaAagaTtcgTe-
gge-3'(25 bp, & X ASQIV); (5T KP4 5'-ac-
taattctgggtatccctaggeeg-3'(25 bp, & X HSQV).
UE& A, S KRG A RHMURLN A SR A E
i, LA/ NS FRHMCRDNA, T RIZH > BT
dsDNAF[FZRIEIG X . %P2 BLASTHERR 5
Nl 2 B Genelink 23 ) & & i - 2li4L.
1.2.2 Stk fig Ak 4 e AR SEIR B0t 41
SIS AL X AR AR AL oK 741
M NEM TR RN LS5 AE R RS X P
G, SR FE: (1) H A2 941-2 962 nt[F] N
X FHI(SQ T 1-5): IRBA-LNAAL. Ji)iiik-
T ARME M SEAZ AT IR 4L, (2)H 43 015-3 036 ntlF]
RIS X P 5I(SQIL1-5): RFiA-LNAZL. JRR
TR B SEAZ TR 2 (3) FL 43 089-3 110 nt
[F] RIS [X 7 41 (SQITTL-5): iR FifA-LNA4L. fig
JAR-BRARIE I S A% FF IR 4. K HepG2 2.2.1541 iy
F1 X 10°A/mLEEFPF96fLE5 F7 M, 4541100 pL,
Ve 34N, BEALS 6N AL, Fr 4 G e
JE BBV (20 CIRAF &), 20 e & A4
L IRPE A LNABKDNA & 4 10 pmol/L 7]
DMEMIRE1 mL, 735 71, 3. 5. 7 diftsE#
FLRE IR EIS00 pL, fRAF T7-20 CHRAN. Fe gtk
iR SR RE X (B

1.2.3 37 LA RHBsAga 2 KM
X PG B TOCHOARR I, B 3K, ]
IR, g A2 ) U A U] R A,
HBsAgif & Lhpg/LE R,

1.2.4 ¥4+ L& R HBV DNASZ 0 5% : R 92

e 8 B SR Ay W AE SN (F Q-PCR)VER M. H 8%
F¢ BIEWS0 uL, s AR DNASRIGE, 7875k
1, 100 ‘CIHIFALFE10 min, 1 200 r/minZ-(»5 min,
N2 pL B3 FPCRR N R I I R VI, Sk
FAIL25 pl. £ N N 96 52 SPCRAY, 3744
At 37 ‘CARIE2 min, 94 CTHAZTE3 min, 94 °C
55,60 C 40 s, JL35AMEH. it HHLRAT B35
TR I 565 S IR e g5 R, SR
S ECP I I 7720 S HBY DNASF- 3445 DAL
1.2.5 LNAST 2@ fened Z-rAbm) . % DY A6 4
M5 (MT T) Eb 0 740 LN A 20 oA i 3% 1 (1)
AR

HitF A P AR R Hmean+SD#R
N, N HISPSS13.048 v A Ab#E, 41 1] LR A
R MR BT 2200 W, P<0.05 0 Z R 4012
B IR (%) = (HZ5ETP/N-H 25 5 P/N)/(H
ZIHTP/N-2.1) X 100%. FrhP/NZK 7R BHPEFLEUE
/BAPEFLEA.

2 BR

2.1 AR R Fedrag R A B 8 B 4rH HBV
DNAZ #1492 LNAJIAL dj5, HBV DNA
ST ED T4 2 ek, L0 5 B B ) S 4 s
7 dJF NI R 1864.32%. KA
0 R L 2 S AT gt 27 i L(341P<0.05), 1T
HF 1112 941-2 962 nt[A] RIS [X (1) ) I FILN A X}
HBV DNA S il (140 R A 5 1 2. (1, B,
2.2 3R —¥eds 6 R ) ROIR B 3R A BR A 4
HBV DNAF 4692 R 42 941-2 962 ntldi]—
BEAT AR SRR SERZ IR I A5, Al
MR SR HBV DNAMEHIH i
IR AE R, L0 e 34y [ B ) S 0 e 4
I S R b 22 R et R (Y
P<0.05), HH, BiZRHBY DNAK G140
fie (2, K2).

2.3 HHA R —¥elied RE 53K ER LR B
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OM

lad

FF3) FEFRERIEAS X 5]

2941-2 962 nt#'[X 3 015-3 036 ntil[X

3089-3 110 ntfI[X.

B 1 NENERHARERANREEPESXTHBY DNASHIBVHNHIER%).

80 -
70
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50
40
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20
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0

0 A5
SRS S
I A
W B

I (9%)

B 2 FERERSZEERIIHBY DNAS HIHTINEHIZR(%).

t/d

xR 2 FHAE—EANAERERSAZETLHHIHBY DNASHIFIER ( x 10° copies/mL, mean + SD, 77 = 6)

paxi:) 0d 1d 3d 5d 7d

TENR 6.102 +0.321 6.105 +0.325 6.110+0.316 6.108 +0.320 6.112+0.322
ToRE3 6.110+0.332 6.058 + 0.360 6.120 + 0.352 6.118+0.348 6.201 +0.355
KBIISEZER 6.106 +0.318 5.815+0.405 6.023+0.418 6.013+0.401 6.051 +0.422
R BIhEZER 6.118 +0.335 5.382 +0.415 4.850 +0.421° 4.558 +0.418" 4.221 +0.425"
DAL 6.113+0.325° 5.024 +0.423° 4.251 +0.434° 3.025 + 0.402° 2.181 +0.388°

°P<0.05 vs 2ENIR.

BR ¥ HBV DNA &) 692 R $1412 941-2 962 nt
[ — AT AN ) 3 A B R S R AL R I N T d
Ji, FEURXTHBY DNAK S R FEHIEH, B4
2R 359 I o [) 2 498 B A, 7 s 0 R e T
1565.91%. £ S0 41 50 A LA 2= e 38 et
2 X (H4P<0.05), 1 xTHBY DNA S il [fi
HHoRESQ 1 2-SQ [ 441, BNk e 7K LE
20-30 bp-Z [A] I A7 e I M ISR (33, 1#13).

2.4 Bk B 448 5T TR K 9k A & & 4R (HB-
sAg)F ik g FpH) 4R A Ef 12 941-2 962 ntlA]—
PN S SE R SERZ TR IN N3 dJiE, B IR Xt
HBsAgF ik FFai R AFMHIVE T, HAMHIZ3 b

www. wjgnet.com

ToRBISHKIBMBIEIR; “P<0.05 vs VBB ER.

IS I) S 1 kA, 7 dfE 43R5 67.51%. &5
2 55 0] B2 LU e B et L (F21P<0.05),
BT ERATHBsAg 21 [RFHIAE FH it (#4).

2.5 MTT kA 4% 4 B T 2 AR 38t 04 %ol T
247 dfi7, FHMTTL G4 0 8% R 2HA (8
1.184+0.043, Xt Z1(A{H }1.20540.038) Lk
B ZERTG R X (P>0.05), W SZ56 70 H N
BRZIR NG AT 5 P000) 4t AR S A TG 5 .

3 ik
SXZHBVEE A 1) — AN HZEIF O A,
preS1. preS2HIS = AL, R4S ) K HE EH

Wi AEE
KB R AT STHBV
preS1 dsDNAF
%ok X 3% 3 A R
a9 B B A%
F-5, RS E A
IHHBV preS1k
SRV EE S
Jf i & B A AL G
I3 Yot fe & W5
I KEEE, TH
FHBVE LB %
Fayik—F R
PRI B fe 5 I
1R
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[ PAHE L 80 -
B B 74 7 (anti- Hid
gene therapy): & 70 ®m3d
HEERMEM go| W5d
¥ b ¥edsDNA m7d
Aiwwsmg < 50
EARF—ps H )
LHRBIZE B
kM, makge T 30 F
DNA L 7 &
BHERFEEY 20+
b, m E I 101
d 4 S B AL [[[[
SRR A . O Eem sQI
57 B AmRNA 23 R L Ql1 sQ12 sQI3 SQ14 sQ15
B4k 5 F A AR
Yo s 0 BB 3 RNABIHKERERPHZESHBY DNAS HIBVINHEIZR(%).
HAMR A, %
T Y-8 S:F: - -
RS ). xR 3 HHAE—EANAEEINE R ERPHZELNHEIHBY DNAS HIHIME ( x 10° copies/mL, mean +SD, 77 = 6)

x| od 1d 3d 5d 7d

REWR 6.102 +0.321 6.105 + 0.325 6.110+0.316 6.108 + 0.320 6.112 £0.322
SQ 11 6.110 +0.332° 5.258 + 0.360° 4.820 +0.352° 4,118 +0.348° 3.501 + 0.355°
sQ 2 6.106 +0.318° 5.115 + 0.405° 4523+0.418° 3.812+0.401° 3.051 £0.422°
sQ 13 6.113 +0.325° 4.824 +0.423° 4.151 +0.434° 3.025 + 0.402° 2.081 +0.388°
sQl4 6.120 + 0.344° 5.180 +0.431° 4,502 +0.435° 4.012 £0.429° 3.110 £0.441°
sQ15 6.118 +0.335' 5.282 +0.415 4.850 +0.421' 4.258+0.418 3.5621 +0.425

#%9P<0.05 vs TEWIRA; °P<0.05vs SQ 11,SQ12,SQ145SQ | 5.

® 4 HHAR—EUNAEREREAASIRNHBAQRIANTIHIIER (ug/L, mean =D,/ = 6)

x| od 1d 3d 5d 7d

ZRENIR 223.45 +2.321 222.38+2325  223.64+2.316  227.41+2320  224.31+2.322
ToRE3 226.51+2.332  22548+2360  224.71+2.352  223.87+2.348  224.55+2.355
RISIHBILER 226.45+2.318  221.32+2.405 230.15+2.418  226.78+2.401  224.55+2.422
HRBIMEHER  224.46+2.335°  201.11+£2415°  169.41+2.421°  154.33+2.418°  125.28+2.425°
A 226.5 +2.325° 186.30 £2.423°  154.50+2.434°  110.40 + 2.402° 73.62 +2.388°

°P<0.06 vs ZENIR. TREINSKBIMEZEER; ,<0.06 vs HBITEZER.

Jitsr ¥ AEHBVE [T (hepatitis B virus surface
antigen, HBsA@)f) = H 4] 1584y, MU S 55
FIE . sy BEECAN eI R, 8 5 B
Yy | 36 11 2 H B AT a2 2 S A B ) O R
AW E XHBYV preSI dsDN A% 5 )
2941-2 962 nt. 3 015-3 036 ntfl3 089-3 110 nt
N[ SRIEES I V TE A S A T AA BEAN SE
SHE R BAZ IR 43 -, i BB 7 I oA A 5 2 G
HepG2 2.2. 154 M bk, 183k A5 I 4 855 5% 13
W HIHBV DNAMNIHBsA g & 238 bRk it
M7, s EoR, B2 941-2 962 nti] SRS
DX IR S BE DR IR IR 23 1, AR ANl lpre ST K &
il Rk AR F Bk, 12253 51 HBYV DNA
65.91%. HBsAg 67.51%, L3011 FH B 0] 5

B AR B R HBY DNAS
(IR R S 56 45 S o, B IR o TP F1 K
FEAE20-30 bp A7 f I AR, 1X i) H
PP LA TG M BAL IR 7+, A e ol it i 4L
HENGNHAZ A, R 455 2HBV dsDNAT[H]
TR B[] 2R g B DX T B — A4 A 2, MM
“CEPY R AR IS, X AHBV R
FERVAT WAL T ES S sARkHE . ARiM, i
THBV DNAZA M= Koo Vi fe, 7050858 52 6l
TR AR By AR AR SR T T 00 BT 2R T
BUBNE T PR ERI 250 %, DRI, 5 B 2 2
RFEA HTHB VY 7k, eAh, MTTHM 45 2R
TUE SRR RN 240 B A A G 4 JC B 2 3k 1 .
M, Bl KpreST dsDNA[F] RIS [X () fz Bk
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RIBUAZ IR 5 T, WM AN HHB VI HI, LA
B2 941-2 962 nt#EA7 R e, H AP
FEAE20-30 bp2 [A], IXEEAHBVIGIT 1A A0
A, ok SRR T B AL RN S0 AR AR
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