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[(HE] @ M HBsEZH RNAIBRHFRE NEL HBV AR iR RAWIER ., F ik 4B L Fks % m HBs
2 RNAI A X7 7], & R ¥ 7 7] 17 Oligo DNA, R KB & W4 DNA, 52 Miu | # Cla | B4 5 1 pGCLM-GFP # & #%
Pk 18 & #AK ,PCR M 6 PE % 0 )F £ &, B pGCLM-GFP, pHelperl. 0 #8 pHelper2. 0 Jf 4 3£ 4 440 % % Jg 2937, &
e, 0L 293T MM GFP % & 89 &k tk K PO € % 8 2 . 5 9R HepG2. 2. 1541 L &, A 18/ % (MOI=1 f MOI=10)
XTI 40 0 PEAT R 4, B S B 40 I B 5k b VE $E 4T ELISA, Western B 75 \HBV DNA & & 247, % R :PCR Al J¥ & £if £,
R HBs shARNA W R EREK, BEBRERFREREERLNWHEE N 5X10°~2X10°TU /ml, ¥/ % HBs RNAi 7,
M HBV E#lfrfi Rk F N MFAFEARE, REAdE. WHBETFHHA, —EFZLEE 9 R ME K LK B HEEP
0.05) , 3 T B M 3 B , HBs shRNA 1E f J& 40 6 b 3% o HBsAg 2% & T % 70% M L (P<C0.05), 1 Western Ef 3t 7 real-time
PCRZR# —FIEELT EXRER . EZAKTF M mRNA KF#HF2 T 3#—F 8k, £ HBV DNA % &, K 1% % & RNAi &
DNA KP4 8% TFH(P<0.05), #:KHMHHE HBs ZH RNAI B HRHERE, U HBs EH A E AN ERFN FWET mi-
croRNA % % f5 RNAi £ A # A % 14 HBV oy & #l A )& £ 3%,
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Lentiviral vector-mediated RNA interference of HBs gene inhibits replication of HBV
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[ABSTRACT] Objective: To construct a lentiviral vector(LV) of RNA interference (RNAIi) targeting HBs gene and to observe
its effect on the replication of HBV and expression of antigens. Methods: The effective sequence of siRNA targeting HBs gene
was confirmed in our previous study. The complementary DNA containing both sense and antisense Oligo DNA of the targeting
sequence was designed, synthesized and cloned into the lentivirus vector ( pGCLM-GFP). The resulting lentivirus vector
containing HBs shRNA was named LVshHBs, and it was confirmed by PCR and sequencing. 293T cells were cotransfected
with lentivirus vector pGCLM-GFP, pHelper 1. 0 and pHelper 2. 0. All virus stocks were produced by calcium phosphate-
mediated transfection. The titer of virus was tested according to the expression level of GFP. HepG2. 2. 15 cells were infected
with LVshHBs and the supernatant of the cells was subjected to ELISA, Western blotting analysis and HBV DNA quantitative
analysis. Results; PCR and DNA sequencing demonstrated that the LVshHBs-producing HBs shRNA was successfully
constructed. The titer of concentrated virus was 5 X 10°-2 X 10° TU /ml. The inhibitory effect was efficient and the
corresponding viral transcript and expression of antigens were decreased after infection. The inhibitory effect was observed 4
days after infection and peaked 9 days after the initial treatment with RNAi. Secreted HBsAg was reduced by >70% in cell
culture compared with the negative control, which is also confirmed by Western blotting and real-time PCR. After quantification of
HBV DNA, the level of DNA relative to the controls was also significantly reduced after RNAi treatment( P<Z0. 05). Conclusion: The
lentivirus RNAI vector of HBs has been successfully constructed. The lentiviral microRNA-based RNAi targeting HBs can specifically
mediate the down-regulation of HBs expression. inhibiting HBV replication and antigen expression.
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EARAT A D RE ST R A 40 ) AR EE TS
FER BN T RNAGGIRNA) A LS s #l HBV &
il AN 2ok 3ok S BF Y 32 SR A A A B A R 2 AR
il %% 2R RNA (shRNA) 5 808 siRNA § A
WL IR B — PR E N HBs RNAIL J5 X HBV
AH S A 88 (HCC) LA K& HBs 1 4= 9 2% D RE 1)
M, BT LR WA ik LA, i 5 pre-miRNAs
ZhA A P DL #E A SiIRNA #F AN & # RNAL 1EH,
HERF AU i A B B0, A He B AR R ik e
K, &5 R ik B %A FIH miRNA H22#4H
19 siRNA i HBs & 10940 C B 58 Jo H2 i pol
I K8 3h¥ a3 180 5 8K 5 RNAL H A 141
KBEFE, Rt A B 55 B 56 7E AT 80 A w0 4D 0 S 1Y
SRl b 6 A A4 A 0 e B A AT N R Y
KA AL P 1G ok 4 2l Ak DL K B I L O WL 5
HXT HBs A=W 2- T Re i 52 M)

1 MBITE

L1 ERMHEEXA 1B 293T i |
T ALY A E B AL 08 R R I & B Qia-
gen A, 1% pGCLM-GFP # {& . pHelper 1. 0
(gag/pol M) #i &k . pHelper 2. 0(VSVG Joif) 3%
A ; Centricon plus20 i #| & 4 H Millipore A #l,
KW FF T W vk DHS5o, DMEM , i 4= 1L 35 B 25 (1 il
(Invitrogen A ), Midi FUR 4646 00 &1 A Qia-
gen 23 A, HepG2. 2. 1540 il & th o B Bl 2= % i 4E
b i 5

1.2 257 HBs RNAI #4 DNA oligo # %) %
WS R AR B T R Y £ X HBs 2 F1 Y
B S E AR A R M Ik 8020, siRNA 5%
A T 2% B R AE B  DNA BT P, 25 A R K
21 MR H 5 H bR B Y g i DX AR R 3 A4
S5 K9 SRR Y BUR 9] B T A B 19 AR R BT 4 T
JE R miR-30 & J& 2530, i A B vl 3E o A 45
HAMYSER TR 7 BB OB .53 W 4 S A
EcoR T 1 Xba 1 YIS .

1.3 ®B#mEF RNAI ke LR KB i UE
DNAL R K& % .5 ul DNA oligo(sense) 1 pg/
pls DNA oligo (anti-sense) 1 pg/pl, 5 X Universal
Buffer 20 pl,ddH, O 70 pl,#8%57,90°C#H 4 min,
70CHAE 10 min, ZEAHNEEHR. 12% EEE
PAGE R A6 M XEE 2 iz %, BB k=54
EcoR | M Xba | BiVIJG 1 pGCLM-GFP #5143 2 ,
BEHEAR R AT . U1 Wi 24k DNA 100 ng/pl 1
pl B K BUEE DNA 100 ng/ pl 1 pl, 10X T4 W B

&k DNA #3820l 1 1. T4 WER KR DNA % $28 1
plodd HoO 6 pl, F4°C 12 h 345 RN K 38 379
ALE) DHSo KIAAT I .

1.4 PCR %% $hBUCEY M REAT PCR LT
Y (R A ARABRAFD), PCR AR (50
pD :Primer(+)0. 4 pl (0.1 nmol/L), Primer(—)
0.4 pl,ddH: O 15. 2 pl, 10 X Buffer 2 pl, dNTPs
(2.5 mmol/1.)0. 8 pl, Taq B 0. 2 ;. T 7% 2L 1
pl, PCR Z4:94°C 30 5,94°C 30 s,60°C 30 s5,72°C
30 s,30 DMEH &5 72°CHEAH 6 min,

1.5 DNA W 5 %2 N7 48 E 60 5ok,
R b 3R I 2R AT P M v B R A L 2% 0
(Invitrogeng 2~ H 3730 4 5 23 A G0 43 B
1.6 BmERTOE LA KRG REEN
1.6.1 RFAE AR SE FYAT 2 bk gn ks
FREET N T I B R AL B O I A BT &
# DNA # W [ pGCL-GFP # & 20 pg. pHelper 1. 0
(gag/pol JoIF) 34k 15 pg-pHelper 2.0 (VSVG Jtff)
AR 10 pgl. H5HB AR Opti-MEM IR A ¥4, 7/
O 2.5 mlL7ZEE W T E 5 min, B 100 il
Lipofectamine 2000 {7 7 — & 5 2. 4 ml Opti-
MEM A EZER FIRE 5 min, 7 BJ51 DNA
5 BE M Lipofectamine 2000 7R S . ZIR FIRE
20 min, ¥ DNA 5 Lipofectamine 2000 & S &
293T AU A G IR AT . F 37°C MBI ECh 5%
CO AR FRA TG, Hi9% 8 h Rl L & A YR
B YRGB AN A 20 ml B PBS ¥, ek 5%
R JGRGY) SR E % BT ImAE 10%
LT 4 40 8% 37 3% 25 ml, T 37°C R H0h 5%
COSEFRM N AR L1577 48 h, WNERYL)E 48 h 1
203T 4 B35, T 4°C,4 000X g# 0> 10 min, Bk
ZUNEIE R . BL0.45 pm JERR L IE BT 40 ml E
BB, T4 000X g B0, 2 T B0 9 15 Vi 4 1A
B, WEEEME Y 10~15 min, K 5508 EE
SRR BB TE R SR PR v 1 BRI Sy 9 T R A T
K B U A W RS 11 L o e R AR AR AE R B4 P, —80°C
KIARAE . IO P — 45 R 47905 2 A2 W 2700 B
1.6.2 Jm & M E € fd 18 AL AR BRI EE I A2 1
DU ZE AT 1 Ay TR B T 1 0 B B L A 96 AL
HOIm 4 X 10" A4 AR B R 100l MR8 99 B 1 Tl
W & 7~10 DL HE K Eppendorf %, 764
AN 90 ] BB R IR AL . R DU E 1Y 9 B
JEW 10 pl INAENERE 1AM IR AR B0 pl A
5 2 AED, MR EEES RS 8. &
BT 5 B A0 AL W25 90 pul BEFRIE . AR BE L 1Y
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R . AR FRAER IR, 24 h I 0 ACHT & 55
FEF 100 pl, NOERIE, 4 dJ5WEEFOLRILIEN .,
Y A N B8 B A% K% 8 i e b B SO A
LB BIAE 10 96 2245 AL P B S S 4 L 2, K 15 3
B SO Ik LA I 0% s A5 BB A5 31 1 9 B i W 1Y) TR
FEAE , AT R R

1.7 miE AR EFHZESH  HepG 2.2.15 41
ffiH DMEM., 10 % FBS ¥ 5%, & 37°C (&4 50h
5% CO WEAE 85 5% R FFI AN B . 40 %105 78
12 h AT, 12 o 25 % 2 A L P, TS AT BB /AR
R JE M 7E DMEM Hi B8 8 72 8 4% 24 h, 12 h I
ZEAN MRS L Q0B Pk 2k R 3> DL, S8 T o8 4 45
FEBIEFHERAEB, S a5 R (24 fLik
232X 10° 40 R 8 3 (MOI=1 il MOI=10)
XF 98 40 i 2R HepG2. 2. 15 WEA7 IR, B UL ) 40 i 1%
F LS MR &7k BT E 4 ELISA.
Western Bl &2 HBV DNA & & 081, 0 B i 5
WA G Ul B B il AT

1.8 it R KBTI,

2 &5 B

2.1 MsmF RNAI #HRkM M A% PCR X% 4 R
FAREE Y5 53R k5 SUE DNA & % , 3% 82 5 7% L 0
T BH A TR L BRI A 5 PCR 7 sk ik, BH M v e
oA Ak £ Bt W O M F Uk 25 SR (TR 1) 5 T — B
PCR fifi #4855 (& 2) 3¢ B BH 1 5w B 4 A R B IE
W 25 5% (B 3) i 52 P 5 B4 3 Ir 22 HBs RNAI
hE,

L] 1 1 120 130 40

150

bp

]
8 000—
7 000—
6 000—
5 00—
4 000—

3 000—
2 000 —
1 000—

1 PEE 52 B J5R AL Hh 3R B AR 48 R B PR ik L
Fig 1 Agarose gel electrophoresis of positive cloning plasmid

M. Marker:1: Positive cloning plasmid

bp I 2 3 4 5 6 7
5000 —
3000 —

2 000 —
| 500 —

| 000 —
750 —

S00) =——

250 —

100 —

B 2 PCREELHR
Fig 2 Plasmid identified by PCR

1:Negative(ddH; ) ;2; Marker; 3 ;: Negative(empty vector group) ;4 :

Postive(insert sequence) ; 5-7; siHBs-1,2,3

160 170 180 1911 i i} 210

GAAGGCTOGAGAAGOTATATTGCTGTTGACAGTGAGCGATGGACTTCTCTCAATTTTCTAAGTGAAGCCACAGATOTATAGAAAATTOAGAGAAGTCCACTGOCTACTGCCTCGGAATTCAAGGGGCT

3

LR

BRL il B 25 3R

I nmuumnhmmnlmmlmm UL

Fig 3 Plasmid identified by sequencing shows the aimed sequence

2.2 JmAFBMAMNZTER  BWIOCHMILHIZ 1,50
ORI B XL R A 0 X=1X M, H i . M 5 8
TR B 20 B8 K, B RE I R T AR 5
T=X/V,HH V g B i A 5 8P & A 0 15
W (ml B fED, WWHEZREVIHIEERHE N 5 X
10°~2X10°TU/ml,

2.3 BHREANF RNAI B EFZ KT HBsAg #
9 4]
2.3.1 ELISA &% Wl 40 jg £ HBsAg & & 4l

8% 5% 13 AT DA B4 R AT ELISA 3K, % 3 S
56 S MEAE R (P 4) 25 U BRBE R 1, ] DLJER YL 5 4
KI5 MOI{H K 10 19 RNAI 1L, ¥ BE TR 50 % A4
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R KM 2009 4E 3 H L 30 &

559 KB NI, B = BPEXT I 20 %0 LA R (P<<
0.05), H1 T HepG2.2.15 4 il & N 4 & % &
HBV 5 R 20 $55: WA B aff i, A7 9 b 50 o] B
WL, BT LAAR SR T MOT B 19 52 56 L A 30 1 5%
HAHE(E 4. 5,

M Blank [I:Negative

5 B4 RNAI(MOI=1)E:RNAi (MOI=10)

1.0

0.8

0.6

Relative value

04

Time after transfection #'d

B 4 12/5F HBs RNAi X
HepG2. 2. 1540 i1 HBsAg R iZHI 1
Fig 4 Inhibition of HBsAg in HepG2. 2. 15
cells after HBs RNAi treatment
* P<C0. 05 vs blank group;n=3,x+s

2.3.2 Western B 78 # 0 20 8 W HBsAg & ik 31 #l 1F
W YN A 4 4. HBs RNAI 4 (siHBs, MOI=1) .
HBs RNAi 2H (siHBs, MOI=10) , [ 1 %F B8 F1 25 74 %F
REZH L 20 B 5 ik [T 8 COM948 24 h )5 . nod 4
WiREBIEFRIFFRBL UG 24 h H) 1 0GR 5
RAEEA LI, K ] Western EJi fll real-time PCR ¥
M RNAL 5 IR0, A0 AR AT Western E1375 52
BATH BCA KA &7 S A E il E, B e
80 pg/il ., Western E1ilE 45 5 (&l 6) ff 75, MOI {H 4
10 41 35 F FEA S 5 T MOT= 149 | BA 1 % B L K 28
Xof BEZH 1) B 1 3R AAAH LU B4 TE W ARk

2.4 1mENF RNAI & HBsAg RNA K F ¢ &
& HHE ELISA #l Western EE 255, o] UL B B &
R A RNAL R A DUFE 28 17K F- X HBsAg
HEAT A SR A L 30 8CR A HepG2. 2. 1540 il & 7T
PLIKE] 7090 LA b, by itk — 20 B o o U 0% 1 T &
12 AR 5E i — 2 R A real-time PCR il & T 40
MiN HBV &l #2 b 3 F RNAL B 3.6.2.4.2. 1
kb i RNA & &, SC50 )7 2 9E 55 RNA KF T8k
JAE 50% LA b 3l 85O0 AS Gn B (1 KO B3 3 AT
VL5 8 HKSF AR B EIIE (P<<0. 05, 7)

-

B 5 AE MOI EH IR
Fig 5 Inhibitory effects of LVshHBs at different MOI values
A,B:MOI=1;C,D;MOI=10. When the multiplicity of infection(MOI) was 10, the infection efficiency of lentivirus-GFP was above 90% after

96 h. Original magnification: X 200

MOI =1 MOI=10 Negative

GAPDH—

§ I:h.AH‘__

B 6 Western EI 34 Il HepG2. 2. 1548 il HBsAg By &%
Fig 6 Results of HBsAg expression in
HepG2. 2. 15 by Western blotting after HBs RNAi

2.5 BmAEF RNAI B @iz /& L&+ HBV DNA
KPSk — 2 WA 7 A KOF A2 4k
AHIE ST X 40 ML Ky % LV HBV DNA & & i i T
MW, 48 % T (B 8): MOI = 10 44 DNA
HEFHEEE . MOI=14DNAE KL BA T K

(P $<20.05) , B PR JE L J% %5 11 % B 2014 L B2 49
T AL
1.2

1.0 T
08

0.6
*
0.4
0.2
0

Blank Negative MOI=1 MOI=10

Relative value

7 Real-time PCR #& iUl &40 RNA 1@ & &
Fig 7 Results of real-time PCR after
HBs RNAI in different groups
* P<<0. 05 vs blank group;n=3,7+s
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20
1.8
1.6
14
12
1.0
08
0.6 *

04 |—L| "
:
0 [

Blank Negative MOI=I MOI=I0

Relative value

8 HMiEF L5 HBV DNA R ENELER
Fig 8 Supernatant HBV DNA levels
after HBs RNAI in different groups

* P<0. 05 wvs blank group;n=3,7=+s

R 5 I

A 5T R I A 38R R 82 2 FE T microRNA 1)
A RNAL ARG, pol 1 KR g Fagh, &
WFFEIIE 52 3% 2 1K 2 42 v] LATE B 6% DL (MOT= 1) f 1%
O RARA RO wIAE Y AT BT R A 18
BTN G0 28 B A #E (HTV) L & — Bl EE % A 2K
B4 P T R TR ORI 4R b B — b BB A8 TR U
Bl b T 96k B 20 B R 5 40 L D ROKE BB DR AL
A EE F A EE P A b R e B A S T DLRRSE R GA
SIRNA, 3% FE R b f 17 k7 2% 1 5k 3 1k 2 5 il siR-
NA 7 75 0 B 250 i i o5

AW g T HepG2. 2. 1541 i Z 1 Jy 4 4
BOAL, M BE R 20 P iR e B G T HBV SRR 4, AT DL
ik Dane kL, b3 o Al LLAE I 2] HBsAg
HBeAg. B INFF& HBV ZEKE N E §l 19 A KRS8
WEJJH 5%, HBV DNA JEf 8 5 & £ 40 M B N 4 1
() 2 38 T JINAR A L ol A T R Y 1 N B 1 DA
e e R A AR VR R BRI W B Bk g B2 R T
HBV A HHZR e SR ERA -0y, HBV
FIEKOF i RNAL FAR A BE KL 8 3 M RNA
ISP 30 74 20k SR LA IR 3 90 %0 LA B RNA 7K S il 41
RAE 60% 72 4. Ren ZFV7 W b B kL 48 1k 5 e
HepG2. 2. 15401 ,4 d J& HBsAg #il HBeAg )3 ik
BEPEl T 72, 8% M1 55. 8%

HAr, QB d S M kAR E
ZETE AT F SUHAT 2 THE S, 8 HBV AH ¢ 40 i

R L LR L RS e M K s, EE R
X #5 U HBs 8 1 0 ) 3k, w] GR35 hn 1 &
Y g R B e AR 2 5 T AR R,
AWM T H T miRNA #9185 % RNAI #
. CMV JE 35 2h . #545 & B e 52 il A 8K
#) HBs RNAi B, 8~ — 24X HBs il HCC By
FoE 4R L 7 Al B T2 % # RNAL BF5R 1Y F
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