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Construction and Effect of Artificial MicroRNA Targeted on Hepatitis B Virus
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Abstract: [Objective] To investigate the construction and inhibitory effects of artificial microRNA targeted on hepatitis B virus.
[ Methods] Four artificial microRNA sequences for HBV gene were designed with Invitrogen online design software (BLOCK—-iT™
RNAi Designer) , amiRNA eukaryotic expression plasmid were constructed and transfected into human hepatocellular carcinoma cell
line HepG2.2.15. Hepatitis B virus DNA in supernatant was detected by quantitative fluorescence PCR. HBsAg and HBeAg detected
by ELISA. [Results] All of the four artificial microRNA sequences could down regulate the level of HBV-DNA , HBsAg and HBeAg.
miR3 had the most significant effect on inhibiting HBV-DNA replication. [ Conclusion] Artificial microRNA sequences can effectively
inhibit the replication of HBV in vitro.
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HE RNA (XA 75 2 R0 I PR 43 2485 6 B nl DA & 4
P, RG] DAAEAR KRR B L s G 1 38 ] 81, %o 2%
S R 78 S B A (W HCV, HBV, HIV) G Y7
AHEH PR BN, E BT miRNA A HESE,
A LS B 0 ) 45 3 R A AR N T )
miRNA AN A, 38 EH0 ] FO AL R0CR, AR
M LA B PR ) ik o R AR BIF 5 B X HBY 3
B I A AR miRNA (artificial microRNA ,
amiRNA ) , RSN ULEE HX) HBV-DNA & il By 5200,
DI 10 5AT W FH AT 5 amiRNA

1 #M#H5E7%

1.1 #REiRF

N9 HepG2.2.15 A Mtk 1 T R 25 B K%
AR 5 A 25 Be i . DMEM % 5
3 B G4 M35 (Fetal bovine serum, FCS) W H
Gibeo 2 7l 5 &2 S 40 T TOP10 E.coli . pcDNA6.2—
G/W-EmGFP- miR % 5 Jit K7 . pcDNA6.2- G/W-
EmGFP-miR-neg P14 % B BTk | Lipofectamine2000
W4 H Invitrogen 2y 1) 5 H UL £ & (Spectinomycin ) 1)
F Sigma 2\ F] ; HBV 2 2 7 it K ML 7] 65 0 7
R A7 3k 2 3 A vl s HBsAg . HBeAg ELISA 46
WA & A L RHEA Y TR FRA R 5 Bk 2l
1R 5 £ I Bio—Toyobo 23 7l ; amiRNA 51 1]
EEIE7: MR /N R g A
1.2 #J% amiRNA 3% R

I Invitrogen 23 F) #E 2% 15 1 4K 4 (BLOCK -
iT™ RNAi Designer) 73 | 51 %} HBV C 5& KX | P
X (S HE N X\ X 3[R X AH B 22 [0) 5 & X 4 33
64 nt [ amiRNA J¥ 41 , BB G/C & HE7E 30% ~ 55%
ZIA]L VAT TS 4 250 A ORI amiRNA JHH
T, i AR K G2 W 95 °CJ ) 4 min,
R CE 10 min, iR JOP ONEE SERZ TR . 4
B WL B B 4% 17 TR 5 4 M 2K pcDNA6.2- G/W-
EmGFP-miR i T4 DNA %3 . E# 779 S A
TOP10 E.coli, H: W25 &R (50 pg/mL) i e 5% b 7
PR b IR U 3 5, SR EUTORL, I A A
J¥ 5 1E
13 BBREELamRNAEZRIZRHAE
HepG2.2.15 4R ff1

T4 A6 HepG2.2.15 21 i, 56 4= 45 % 1 ( & 1R R
I3 BN 10%FCS B DMEM 5 4 55 5% 55 ) 2 20 i

WREE 1 x 10°/mL, R0 24 fLH . 37 °C, KRR 8
5% 1) COLH5 7 22 40 %% i 3k 80% oA o T 4t
TG IV B 772 3L BT wg amiRNA 3B RS 2 pL
Lipofectamine 2000 JEBUATR & 23553 A 24 1L
Mo ¥ S8 20 (55 Yk peDNA6.2— G/W—EmGFP-
miR, miR) | B] 4 X f8 2 (%% 4% pcDNA6.2- G/W-
EmGFP-miR-neg, miR—neg) Fl =5 X 1841 ([N F%
Yt Lipofectamine 2000 A5 JFi & , mock ) , £ 2H 4715 &
3MEAL
1.4 KAEEZEPCR#M HBV-DNA

3T e 48 h AL 72 h IR 5 B R
HBV-DNA Q-PCR i 71| &% U B 4 FF A fin ARz
B J5 A ABI7500 Q-PCR X4 34, ¥ 14 2% 1F .
93 C 2 min, 93 C 45 s, 55 C 60 s, 10 cycles;
93 °C 30 s, 55°C 45 s, 30 cycles, 1% HBV-DNA
&, 9F 525 X 40 HBV-DNA & 4 it &
HBV-DNA AH%f 7K,
1.5 ELISA#:ill HBsAg.HBeAg

ST g% 48 h I 72 h U IR O, dR R
U 45 B2 /E I % HBsAg F1 HBeAg /K- 73 Wi &
25 R BB ZH ({5 Lipofectamine2000 54 ) ([
PEXT R ZH (G G2 o ) AL 56 20 (FE e miR 4) .
WEINEFL. ODyamnil OD a5 OD u il
kb i1445 HBsAg Fl HBeAg HHXT ik,
1.6 Fit=Z4ahiE

A TR B 5 S LA B b 1 22 (mean+SD )
7, W HH SPSS 17.0 G it A A7 5 KL 2R 7 22 9304
(One-way ANOVA ) , Btk 55 7K F-a = 0.05

2 % X

2.1 pcDNAB.2-G/W-EmGFP-miR 5 i B i #3
BEREL

A 5% £ X HBV % (A % 71 amiRNA , 3
BLAST HEBR# ] A ZEHE A 1 miRNA, 78 C £ A X
FPRHNXEZ X T miR1,SIEH XA PREH
X FE & XM 4 T miR2 F miR3, 7 X 3
FX A PR A X & X% T miR4, ¥E£8 4 4~
miR (5] HBV L7 A5 ULIE 1A) o A A4 45 miR
(LA miR1,miR2, miR3, miR4 75 ) B b 3 F1 T i
HEEIFHI (R 1), 1B KPS J5 4 A pcDNA6.2—
G/W-EmGFP-miR JFt#i (8] 1B) . A #h) s i1 3%
IR BRI 51 I E S5 4 AT 5 B IE



5430 AR, A5 30 SRR FSMEME microRNA A8 R AF 491

&1 AT miRNAMERSIYFT

Table 1 Primers used for miRNA construction Sequence in italics is the miRNA targeting sequence

Primer name

Primer sequence(5'-3")

miR1 Top Strand

5'-TGCTGAACAACAGTAGTCTCCGGAAGGTTTTGGCCACTGACTGACTACTGTGGTTACTCTCGTT-3’

miR1 Bottom Strand 5'-CCTGAACGAGAGTAACCACAGTAGTCAGTCAGTGGCCAAAACTACTGTGGAGTTACTCTCGTTC-3'

miR2 Top Strand

5'-TGCTGTTGAAGTCCCAATCTGGATTTGTTTTGGCCACTGACTGACAAATCCAGTGGGACTTCAA-3’

miR2 Bottom Strand 5'-CCTGTTGAAGTCCCACTGGATTTGTCAGTCAGTGGCCAAAACAAATCCAGATTGGGACTTCAAC-3'

miR3 Top Strand

5'-TGCTGTTTGGCTGGAAGGTTGTGGAATGTTTTGGCCACTGACTGACATTCCACACTTCCACCAAA-3’

miR3 Bottom Strand 5'-CCTGTTTGGTGGAAGTGTGGAATGTCAGTCAGTGGCCAAAACATTCCACAACCTTCCACCAAAC-3'

miR4 Top Strand

5'=-TGCTGAATATTTGGTGGGCGTTCACGGTTTTGGCCACTGACTGACCGTGAACGCACCAAATATT-3'

miR4 Bottom Strand 5'-CCTGAATATTTGGTGCGTTCACGGTCAGTCAGTGGCCAAAACCGTGAACGCCCACCAAATATTC-3'

miR1 miR2 miR3 miR4
| Polymerase |
[ c ] [s2fs1] s | [x] A
y 2= =3
7 831 22
\I/ \/
e

pcDNA™6.2-GW/

EmGFP-miR
5699 bp

A: Targeted the position of miR in HBV gene; B: Map of pcDNA6.2-G/W-EmGFP-miR vector
E1 BE&RERAKEE

Fig.1 Construction of eukaryotic expression plasmids

Lipofectamine 2000 Ig i {4 % Y& miR H % % ik Ji
Ki % HepG2.2.15 41 , 48 h #% YR ] ik 5] 80%
1)/
2.2 #HZmiR geHPHl HBV-DNA &

W A8 1 4 > miR K38 BURL % Y4 HepG2.2.15
A0 0, 43 51T 48 h A1 72 h 2R FH %6 % & B PCR %
I HBV-DNA . Z5 58 7w, 4 1> miR 768 T J# 85
7% b 3% 1 HBV-DNA 7K F (& 2) o LA miR3 i
HBV-DNA & il ()30 Rt b 8% o 56U 72 h,
miR3 £ HBV-DNA fAHXI7K -4 0.31 + 0.06, miR-
neg 2414 1.01 + 0.12, mock 214 1.04 + 0.24, miR-

neg 415 mock 41 HBV-DNA AH X} 7K - kb 45 22 57 %
BHEi2#E X, (P=0.763), miR3 415 miR-neg
41 HBV-DNA A XJ 7K L 22 R B G127 5 X
(P =0.000),
2.3 EmiR gEiN#I HBsAg #1 HBeAg B &R &

] I T4 5 48 172 h R FH ELISA B 460
R 3% b1 v HBsAg Fll HBeAg 2635 #HI X 7KF , 45
7% 41> miRNA 68 T 98 8% 3% b 15 th HBsAg Hl
HBeAg /K- (E 3) . #5472 h i T IR T4
YL 48 ho 41> miRNA H miR1 F 4 HBsAg %R i
U, T miR3 T % HBeAg %0 B i 4f . YL 72 h,
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Relative HBV DNA level

All four miR plasmids had significant inhibitory effect on HBV-
DNA replication. Statistical differences were determined using a one—
way ANOVA. These results are expressed as the mean + SD of three
independent experiments. 1) P < 0.05 and 2) P < 0.01, compared

with miR—negative control group.

B2 #ZmiR % HBV-DNA £ 4l
Fig.2 Inhibition effect of miR plasmids on HBV-DNA

replication

miR1 20 HBsAg 23k A %t 7K 4 0.59 + 0.03, miR-
neg 214 0.97 + 0.10, mock 41~ 1.07 + 0.12, miR-
neg 25 mock 21 HBsAg Kik/KV- LU 2: R A ST
#7 X (P =0.207), miR1%15 miR-neg 4l HBsAg
TRV e ZE R HA G2 = (P = 0.000) .
YL 72 h, miR3 4 HBeAg % 35 #H XF 7K °F 0.61 =
0.09, miR—neg 21 "~ 0.99 + 0.06, mock ZH & 1.09 +
0.21, miR-neg 5 mock 21 HBeAg ik /K- L #5¢
ZR TG X (P =0267), miR3 45 miR-
neg 2 HBeAg R ih7K V-l 22 5 B G ita7 i L
(P=0.001),

3 3 i

HBV 3 X 20 A2 % DU A B AR 2 A A [ 72 B
B B FF ) SR HE 22 (open reading frame, ORF) , 43
FNFRR S CLP AN X X, R RS T 4 FhAS R A JE
T I 4 B ST (HARZ R F IR — A
PRS- B— HBV RNAi BV A LA [&] i 80 ] 2~4 Fih
J7a 5 mRNA , J& RNAT FEAR (80 [a] 5 BR X 42, DAAE
AR P AN ST E S T X — BRI 7 iR AT R,
siRNA K I 0 FH A7 76005 B 2L TR 2848 &) 5 SO #E 2
N 5 A A ) AL, T miRNA A5 A5 534 5 2L X
P4 E MR N R T siRNA 370 2R 22 Ah 55— Fh

157
CJ48h E@72h

1.0 1

1) 1)
2) 2)2)
2)
0.5 -
0.0 A

mock miR-neg miRl  miR2 miR3  miR4

Relative HBsAg level

1.5
CJ)4h [ 72h
= 1) 2)
= 2) 2)
jus}
£
£ 0.5
L
[a=t
0.0 B

mock miR-neg miR1 miR2 miR3 miR4

A': Relative level of HBsAg in supernatant after transfected for
48 h and 72 h. B: Relative level of HBeAg in supernatant after trans-
fected for 48 h and 72 h. All four miR plasmids could significantly in-
hibit the expression of HBsAg and HBeAg. Statistical differences were
determined using a one—way ANOVA. These results are expressed as
the mean + SD of three independent experiments. 1) P < 0.05 and 2)
P <0.01, compared with miR—negative control group.
B3 #FHFmiR G55 L5 HBsAg f1 HBeAg Ri%
Fig.3 Inhibition effect of miR plasmids on HBsAg and
HBeAg expression

RNA TP B4, it B A7 S BRI I8 o 00 55k 17 A 1)
VR, PRI H AT RNAG ST A BT 5% P8

BT X 3R HBV 6 R AL R 05, AR S B0 1331 T
4 2% 4y B §E 5] HBV Y 4> OFR & & X J¥ 51 11
amiRNA , i {4 55> amiRNA 7] L) [6] i T3¢ 5 HBV
A R E IR G 2 P Rk . B
AR PE miR 38 K, B BT R 4L amiRNA
B A 2 38 UKL 2 2 7582 2 11 i 240 B
# HepG2.2.15 4 fifd , & K 4 % amiRNA 7E 48 h 2
72 h AR SR B HBV-DNA 7K, L
AR T HBsAg il HBeAg B3k o 33 Fh 41 i /5
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FH B B[] 4 22 72 h R BB I . 4 2% amiRNA
o DL miR3 i 24K B A i 3, 72 h X HBV-DNA
(P06 1T 3K 70% , AT RES S FEF 4t iy S 2
( B HBsAg) J& HBV 41 %& 0y b B & %,
Cheng %5 "I\ iy HBsAg J& HBV JE& 4 M iy b —
AN E B SR -, H AR R KR & T HBV 8
(TR T MERE | R4 T 4 S 1 A 32 PR T BRI i) HBV
B CEE, BB B IEED LI HBY PR AT X F A R
# L I 7T amiRNA J¥ 51, 7F HBsAg ., HBeAg Al
HBV-DNA /K *F | 2] fig 41l ] HepG2.2.15 4 ffd
HBV % & il F1 3R 35 o A 52 50 0 8 0 1Y = AL
amiRNA %} HBV-DNA . HBsAg 1 HBeAg [ 3111 1 5%
R TR

[ AN & miRNA 75 3l 9455 78 44 P 1o FH 4%
ST 78 $i 38 e /D, 32 B ) R AE T A OC 24k
A AR A T P B B9 S g A PR . Mowa 551
UL Bl 75 448 AL iR 90 75 2014 (helper dependent
adenoviral vectors, HDAds) ¥ amiRNA F T HBV
REHLINEUAR DY o Ho ) AL 205 S PR /N BUFE AR
& % A B 3h T (murine transthyretin promoter,
MTTRP) 8 [1] 3% ) amiRNA 2 35 (94 AL TI% A
HLVREFPER CMV S 3+, R il i HBV & il 5%
RN IK 94% ., BIF 9838 & B4 AR 36 35 P ik
KT AR GE SN, T B AR G 98 S g 7K SF- ] AR
7 amiRNA VE IR . Chen 252 % 3 shRNA 57
KB B VR AP HBY BUR B8 80 i ok Rk 2
W 615, LB ] shRNA 58 3 4% . EiRBFSE N
miRNA 4 P 13 B 5 HoAth = Be 15 10 5T HBV
PEAE T Y SR KA

AWFFE BTG BOFTE ARSI i 3 ) — SR 880
AR B amiRNA , 4 HBV JGYT 4 4L 73 Bk . )5
S S 0K 2 P — 20 WF 5E LA Bl A5 TR AR X
HBV A4 i 4 FH S5 H A T Bk & v FH AR Y
HMTRL

SE 3k
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