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BRERERTE2 MFHZHRESEH SRR

AEE R O, A& R HR4eR.E A (400010 T Pe, T Be 15 AR 2 B 48 — S B« A R
IR

(HWZE] HIY WFRE RSB MidT)E 2 (bone marrow stromal antigen 2, BST-2) X & AU 4 95 #
(hepatitis B virus, HBV) &l 5B . Jiid DIASFEVRE THE R LB 41 o bk HepG2. 2. 15,
Western blot F19¢ e 7 PCR il BST-2 25 [ 7K F-F1 RNA 7K 5 4373 FH AL 22 1) BST-2 L A% 3 35 ok
pCDNA3. 1-BST2-FLAG F1 BST-2 #5518 (4 HIV Vpu EAZF AR, FE YL HepG2. 2. 15 20, B 50 55
B S50 (ELISA) A6 00 20 o 155 57 WK £ JH0 75 R T e it ( HBsAg) A1 5 e BL)i (HBeAg) , 9010 5E &
PCR £l HBV mRNA , Southern blot #;jil] HBV DNA, &% 4. %% Yt pCDNA3. 1-BST2-FLAG J5, HBV
mRNA [#AK 26% , 21l fiti )y HBV DNA [ 31% , 4 in 5% 55 W HBV DNA F#AIK 33% (P <0.05) , 41 i B
IRk HBsAg T F% % 82% ,HBeAg T % 77% (P <0.05) ;A Vpu & H 5, BST-2 By il 4 52 2%
$t,HBV mRNA YK % 92% , #fiffi )y HBV DNA YK % 93% , 4 i % 52+ HBV DNA Ft % 98% , 4fiffi
e Ferh HBsAg YK % 102% ,HBeAg K5 % 99% ,HBV &1l 5 Bl B B 1408 . 458 BST-2 %} HBV
S SRR A M RIAVE R A E AT AT HIV Vpu 85 14530,
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Bone marrow stromal antigen 2 inhibits replication and release of hepatitis B virus
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[ Abstract ]| Objective  To determine the effect of interferon-induced protein bone marrow stromal
antigen 2 ( BST-2) on the replication and release of hepatitis B virus (HBV). Methods  Human hepatoma
cell line HepG2. 2. 15 was treated with different concentrations of interferon, and the expression level of BST-2
was determined by Western blotting and quantitative PCR. Eukaryotic expression plasmid pCDNA3. 1-BST2-
FLAG was constructed and transferred into HepG2.2. 15 cells. The levels of HBV surface antigen ( HBsAg)
and HBV e antigen ( HBeAg) in cell cultures were detected by enzyme-linked immunosorbent assay
(ELISA). HBV mRNA levels were detected by fluorescence quantitative PCR, while HBV DNA levels were
detected by Southern blotting. Then, BST-2 antagonist protein, HIV Vpu, was added to inhibit BST-2, and
HBsAg, HBeAg, HBV mRNA and HBV DNA levels were detected with the same methods as above. Results

After transfection of HepG2. 2. 15 cells with pCDNA3. 1-BST2-FLAG, HBsAg and HBeAg levels in cell
cultures and intracellular HBV mRNA and DNA levels were decreased significantly (P <0.05). After HIV
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Vpu protein was added, the inhibitory effect of BST2 was antagonized, and HBV replication was recovered

partially. Conclusion BST-2 inhibits the replication and release of HBV, and the inhibitory effect can be

antagonized with HIV Vpu protein.
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CIIHT 48 97 B (hepatitis B virus, HBV) J&—Fhf%&
QPR DNA G 7E, & T 0§ IR TR, BARE R
B 40 4 BAT B Z B ORAE R IR YT TR 18k B
JF 46 FEFAELA 100 J7 ST Z IR . B
HXE AT HBV e = S0 TR R St iR 97 T-B,
TR ALY (BAF LRI E AR 7 vk
10 N SRR 25 R BN O N A SR () R, R, T Y
WITTERGH RN L A REELY . BT
HBV H ARG/ 1 £ 20 0, HL 32 B4 TP e i 2
B T R LR AR sE 4 T xR T
B 7 A AR IR OE BR AN E I 25 B 42 o

B BEIE i R 2 (bone marrow stromal antigen
2, BST-2) X HRVE Tethein 35 [ .CD317 2R IZFEHF 4R
A HEHTIE-1 (PDCA-1) 25, e L AT A AE T 41l i
FEREE AT, FLJ5 SR IR R AAEAE T4 I s b, A2 PR
TP Z [BIEER . BST-2 M 24 P 7E s & JH [ Y
MR INASFY X, At GPT i AR iX Se 45 A S g
P b A B AR 25, A R TR A AR E P S s
£, BST-2 78 B 2 g . T 4 i . NK 4l g . 5 W20 i L %%
SN NS5 22 M 20 B R i O JUE I 28 S R R AR
A RKFRE, TR DIESHRBK B
RN KR 1 T REAE [ A Sy T A T A
2008 4F, Neil %7 1 vk & 3 BST-2 a] U] HIV-1 M\
YN B B, BE 5 BST-2 8 1 X Mk e 3 B B s 75
(SIV) IR 419 7 (Ebola) | it JB 2 55 2 i 25 1
PR P65 g0, OF BRI 138 539 35 4 i 2 1
AT LG4 BST-2 4 A1, 4 HIV Vpu EH . X LEHF5 4R
718, BST-2 g — Tl 3 o 7 FR il X, % 2 I o £
JEF 95 B 2 A RE 7 R SR H

HBV [R5 25 B0RE 5 4 v, A7 A6 AR BT BUZ 4544, 1
J T TR (8 SN, 2800 T o 75 ) A0 JEE , i b 255 1
IEJE BST-2 BAFAE I B IE X 42, {H BST-2 X HBV J2&
A FREIVE , B Al A WA GRS . PR, AR R
FHIE Z 3Kk 1 /) BST-2 H 4% 3% 3K Jit ki pCDNA3. 1-
BST2-FLAG 1 BST-2 45476 11 HIV Vpu FLA% % ik ik

Bi, 5% Y% HepG2.2. 15 £y, B S e M i 5255 ( ELISA)
o I 240 8% 73 WK £ e BE R T T ( HBsAg ) Fl & JHHis
B e L) (HBeAg) , %¢ %2 it PCR £iiil] HBV mRNA,
Southern blot #; ] HBV DNA, 51} TH Z A S E H
BST-2 J& 45 0] LIl & B9 95 5 52 il 55 B o

1 #MR5FZE

L1 AR A

Jii ki pcDNA3. 1-FLAG . pCH9/3091 (4 & HBVI. 1
&M CMV 33 F) A9 4 Ml bk HepG2. 2. 15 Hy
ARFEARAT, Tk pcDNA-Vpu(HIV Vpu 7] LIF5#T BST-2
MFERT) 1 26 R BE Klaus Strebel HAZME %, R L
TEETIR o W H LR Y A, BST2 Hiiik il A
Santa Cruz /7], HBsAg JU{EIG H Abcam 23], SEHi R
IgG Wy ALt I AR EOR 23\, 904 1g6 I H AL
SRR 2 A 408 37 F G A 1L 8 A Gibeo
] HRBA Lipofectamine 2000 Iy H Invitrogen 23 #] ,
HBsAg Fl HBeAg ELISA 270 & B BRI M ER A v, %
O H PG Marker \BCA 25 (1 ¥ B2 I 72 1077 & . SDS-
PAGE P Jstialfl & Sk & ek il il n &l B 35 = K
), TRIzol i35 B Invitrogen /A 7], fi5 75 RNA $2HL
&I A Qiagen 24 F], SEI 5 E f PCR B a7
&SN & A TaKaRa 23 F] HoAR H TR

BhAE BATRCH]
1.2 Fik
1.2.1 M@kl TRIzol $2HU HeLa 41,4 RNA,

PLZ AR, RT-PCR k4% BST-2 JE[H] DNA F Bt , ok
T HZFIREIA peDNA3. 1, 1y A% K GA BTk pCDNA
3.1-BST2-FLAG, YE&BFYIN SN Kpn 1 Fl Nhe 1,
H C il A FLAG %8, i |49k 5'-GCAGCTA-
GCATGGCATCTACTTCGTAT-3", R ¥k 5'-GATG-
GTACCCTGCAGCAGAGCGCTGAG-3',

1.2.2 i Sokide s FiFRtaE %5k HBV
HI 4R RERE HepG2. 2. 15 4% 57238 MEM ( Gibeo) , iIA
10% /v 4= 1 % ( Gibeo ), 50 pmol/L FH %% % &R
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(HyClone) , B Z FF-Er 23 i A 400 pg ) G418,5%
C0O,,37 CH;Fz, HepG2.2.15 4 i 1EHE YL 24 h N
PR T 6 LR, B R EEALAE 2.5 x 100400, LA
Lipofectamine 2000 #% 4, 1 4 wg UKL, #4F 2 U
BT,

1.2.3  Western blot £l AFFE TR o« (0,
250.,500.1 000 U/mL) 4-F HepG2.2.15 72 h, Western
blot #i] HepG2.2. 15 () BST-2 & [ £ kK, YL
SR, HepG2. 2. 15 ZHMIFERP 6 fLAR, 700 3 41 S5
pCDNA3. 1-BST2-FLAG 41 % %* pcDNA3. 1-FLAG ( %}
g | e He gy pCDNA3. 1-BST2-FLAG FlI pcDNA-Vpu
A, A3 MEAL. 72 h G plR B B,
i BCA g B Ak . HERBHInA S x 55
EREGE PR, WK 10 min, B S0 wg FHEH EAE,10%
SDS-PAGE Hi K, ¥ % PVDF i, BEAsWI# &AL h,
JIA 12300 FY BST-2 4 “Cid &, PBST PEJEE 3 30, A
1:2 000 HRP FRic i FHif,37 CEH 2 h, VEME)S,
I 2 50 S R, P AR 2 e ek I ASCRS: . 1A
B-actin HNZIH,

1.2.4  5¢)E R PCR il BST-2 mRNA (HBV mRNA |
HBV DNA FiK/K3 TRIzol X5 9% 8 RNA $2HL
IR A BRI 77 2k HL A 40 A S RNA 1 3.5 kb i 5
mRNA, ¥ %% 5% Jf] PrimeScript RT-PCR 7] £ ( TaKa-
Ra), %1 PCR 7 Y44 Bl %l SYBR green ( Roche,
Germany ) , 7£ ABI7500( Applied Biosystems, Foster City,
CA) SE B R BLo SIHIFF 513N T, BST-2 1E J7] 5
.5 -ATCTCCTGCAACAAGAGCTGCA-3’, I [0 5| ¥ :
5'-GTACTTGTCTTGTCCGCGATTCTC-3"; GAPDH 1E [1]
gl #: 5'-TTCTCTTCTCTGATTTGGTCGTATTGG-3', Jx
m 5| ¥: 5'-CATGTAAACCATGTAGTTGAGG-3"; HBV
3.5 kb mRNA IE[5]|#):5'-GCCTTAGAGTCTCCTGAG-
CA-3", I [n] 5| ¥ : 5'-GAGGGAGTTCTTCTTCTAGG-3',
HBY % il o ] 9 T 161 1 151 5149 - 5'-CCTAG-
TAGTCAGTTATGTCAAC-3" #iI 5'-TCTATAAGCTGGAG-
TGCGA-3', B RIBRLL 27 k5.
1.2.5 HBV DNA #2805 Southern blot #;iM| %
FRAE 6 FLBRHAYANNE PBS PE2 USRS IMA 0.5 mL (Y
ZH i 24 % (10 mmol/L Tris-HCl; pH 8.0, 1 mmol/L
EDTA,1% NP-40 Fl 2% [ 5EH) ,37 CHEE 15 min,
15 000 x g Bf.0> 5 min J5 W AN 2L, EIEBOMA
40 U/mL DNase T 1 10 mmol/L S k5,37 CIEH
4 h, A 200 pL 35% PEG8000 ( & 1.5 mmol/L

NaCl) ,7Ki&1 h,#%)5 4 °C,11 000 x g B> 5 min, EFH
W, MA 0.5 mL 2 (1§ K(TaKaRa) ,45 CoKifad
Wo SRR -5 2 S5 70% L BEDiE DNA, TE
GE PR % HBV DNA, 0. 9% Byt Jig WH5E e WL Uk 43 25
HBV DNA, E4048 b H A8 2 I |, 120 C #4458
1 h, =5 =ERic i) DNA BREF 22583, YRR, if4 o
1.2.6 ELISA ] HBsAg 1 HBeAg  DI%ifL 2.5 x
10° (Y M 04 HepG2. 2. 15 430 T 6 LR, 43 31
FEYLSIBG A RO BRG], Ak ek 5E 3 d Ja , IR RE IR,
FBRANARAE R A ELISA 2 HepG2. 2. 15 4 fud5 57
iR HBsAg Fl HBeAg /K1, B4 D BR4% UL B 5
HEFT s A B LI 450 nm Zb 6% A D(450) ], 8
JE AR LAXT B R B AT hn A, SEgetE4 3 L, &
23,
1.3 %t o

LIBIGEE 3 WG L v 5 FoR, R SPSS
17. 0 et 34T 5 2550 #

2 HR

2.1 Fi#E o i5F HepG2.2.15 F= HepG2 %m fg, BST-2
&8 &k B

B, @t Western blot #;ill] HepG2. 2. 15 HepG2 |
HepG2 (#53 pCH9/3091) HeLa 4 il 8 |4 BST-2 LA
Tk (B D), KK, TRIETIRER o ATLLES
HepG2.2.15 Fll HepG2 4fi fif (1) BST-2 & [ 1Kk, R
AR E TR o AP HepG2. 2. 15 F1 HepG2 4
fif148 h Ji5, Western blot( & 2) 1 RT-PCR ( [&] 3 ) il & 4H
MLy BST-2 FE Rk, 45 R, HepG2. 2. 15 4iififs
JERE BST-2 3 [ #1585 HeLa 40AAH 24, 5 T HepG2
i, {H HepG2 4 fa’% 4t pCHI/3091 J5 BST-2 &3
NI, TR o )5, 4R BST-2 ZEH R
R R, B EA R AR (P <0.05)

1 2
BST-2 & (40x10°)— .

BST-2(20x10%)— i [V .

B-actin(42x10°)— —_—_—_—— “

1:HepG2.2.15;2:HepG2 ( #%% pCH9/3091) ;3 :HepG2 ;4 :Hel.a
1 Western blot #& il 7 E 40tk BST-2 RirE

3 4
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15 BST-2 BEAK T 43 W4 2 4 Ml v (%) HBsAg il

HBeAg( & 4B) . [alW}, Seit#¢ % & f PCR 45 5 B,

YAl Ny HBV DNA ([& 4C) 1 3.5 kb 1) mRNA # ([

4D) B T 9, W] BST-2 7] DLRRAR AR & R B 1Y

HepG2.2. 15 il HBV [RA S il

2.3 BST-2 2 HBV #94p4]4F A 774 HIV Vpu & & 440
HepG2.2.15 #ififg4y 3 4LALBEF 2,72 h 540k

BST-2 R {k(40x10°)—

BST-2(20x10°)—

p d@tm”zm%*‘— ® S5 LANMLEE RN S ik PCR K U210 b
TR FIZHMI N Y HBY DNA 54, 4530, pCDNA
BST2 — B (40x10°) P — ,‘ 3. 1-BST2-FLAG #{ HBV DNA[ (50.00 = 6.53) #% I/

Z i 1% pCDNA3. 1-FLAG 4 [ (72.00 +4.32) #% U1/ 41
Ji ] 22 R R, WA HIV Vpu J5,HBV DNA[ (66. 67 +
4.99) ¥ DL/ A0 ] KA, 2R 1R] L 8K 2% 5 A e i
(P <0.05), pCDNA3. 1-BST2-FLAG 4], pCDNA

BST-2(20x10°)—

. 3. 1-FLAG £ Fl pcDNA-Vpu 415573 o HBV DNA 43

(2510 ————— B (23.00 +3. 61) . (34. 00 +4.58) $ 1/mL 70

1 ~4:% %)% 0,250 ,500,1 000 U/mL F#% (33.97 +4.63) % Il /mL, 7] i, BST-2 RE#% (i HBV B¢

2 Western blot #& R EIF & FHR o R HepG2.2.15 5557 51 1 ], Southern blot 6 Il HBV #f i] & i 14
4HAE(A) 70 HepG2 4 (B) i BST-2 B AKIRIX DNA, % ¥ pCDNA3. 1-BST2-FLAG 4% pCDNA3. 1-
T FLAG 210 538, A BST-2 454076 14 HIV Vpu Ji7,

Z 12} OHepG2.2.15 HBV DNA #7153 DMK (& 5) . 2t 5 PCR il

S 10f HBV mRNA #%f 53k &, % 95 pCDNA3. 1-FLAG 4

g 2 (100.00 + 14. 82) #f{ ., pCDNA3. 1-BST2-FLAG 4b 3

S 4 ﬂ ﬂ 2[(73.33 +4.62) HBV mRNA [ %F 32 3% 320,

2 zﬁ A HIV Vpu(99.56 +3.32) J5 HBV mRNA k755,

0 250 500 1()0()_' HHiterz25(P<0.05), R T #F—uEl BST-2 %

AL o AIRECUmL) ] HBV f R, 1 ELISA K6 4540 B4 40 . b5

B3 RT-PCR®ATREFEFIHE o FSHA BST2 Fix HBsAg il HBeAg [ %5, pCDNA3. 1-BST2-FLAG /b3
2.2 BST-2 FA HepG2.2.15 Zafi HBV ﬁ@ﬁﬁugﬁ,&q 41 D(450) f[ (81.48 £5.22) . (77.30 £4.62) | e H

BST2-FLAG(0.1.2 4 Mg/mL),jﬂ%ﬁE%géﬁ*Jﬁ?E ST AT AR 325 (P <0.05) o HML AT, BST-2
—3, L pCDNA3. 1 252850k (4 3.2 .0 pe/mL) HEFFF A LR HBV (88, I HLX Al 4E ] Dt HIV

. Western blot 0 3 5 e e K a6 1 e ik (P4 a) Voo SREHSHL

*

1 2 3 4 _140 " HBsA
=120 OHBeAg
vy

<120
S

BST-2 Ak (40x10%)—| 100

2N
=)
£

BST-2(20x10%)—

N
=)

HBV DNA(#% 1 /41
[ ) B~
(=] (=]
3.5 kb mRNA/GAPDH(%
D
(=]

[S)
=)

=)

; 3y, = !
B-actin(42x10%) -“ @ 0 5 . > ” 0 | > " © 0 " 5 " ®
BST-2 #¢J# (wg/mlL) BST-2 #¢ ) (pg/ml.) BST-2 ¥ % (ug/mL)
A:Western blot #oi BST-2 484 £i5  1 ~4:2 %1% 4 2.1.0 pe/mL BST-2; B ELISA # ) 49 f3% 7 2k b 8 HBsAg #= HBeAg;
C:RT-PCR #:) 28 iz, )3 HBV DNA & %) ¥ @] 4k ; D; RT-PCR #:m] HBV 3.5 kb mRNA # %%
4 BST-2 Tif HepG2.2.15 ffrh HBV [5 6l 5554
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M 1 2 3

3200 bp—/ “—1cDNA
—dsDNA

—ssDNA

1800 bp— |

i i

M: 477 ;1:pCDNA3. 1;2:BST-2;3 ;pCDNA3. 1 + BST-2
B 5 Southern blot #:l|¥5 L BST-2 [F4HAE A 5p HBY
S5 EE

3 itig

I 7 - LR Z [B) A7 A 1 B g 5 ok g, Bl 5 2
BRI B 47 25 WU — A B e R TE 7, AL 1 2 3
VEREE LR R R AL M AL . £FX) HBV Jgky  kk
FRZNME N flFE , RSt = A T & R A A
RS B R T, 0 = IEFE 1 Sa(TRIMSa) ™ |
HIEHE A B 19 mRNA 39325 3G (APOBEC3G) ™ 4,
WU A3 5 v 9 S A5 o 415 TR S8 0346 17 S AL
il AX B0 e 8 1 Moy o S R S e AL 46 B WL Y NK 4
Jfd Toll #£3Z{A& RNA T4 M THL K, BST2 2% T
PR FHE T 018 BRI HE 72—, 0l X 2 85 k%
BRI 4 . 2008 45, Neil 257 % B BST-2 aJ DLl il
HIV-1 A2 8 B B8 B, IR 5 I S5 Rl A0 I S 141 42 1) T
Rl A I 7R O BST-2 4455 75 B X —
G AE Hop— 255 75 P L R RE A7 AE , 24 B R B T
HIV Z4h, BST-2 B I X 52 346 £ 475 At 536 4 55 5 7
(SIV,HTLV-1 MLV | EIAV | spumaviruses 1 XMRV) |
2RI B (R IRDR R A S RN T8 ) Al 150 B
(KSHV) JEop " R, 78 3 265 75 4 15 1)
e [RIREAETE 5 0T BST2 MR L& 1 R4y iF
— B IBFFE A & B HIV-1 f Vpu 8 (7] L 3E 3 4 ot
B R, B 25 1 N AR RE S5 T U6 BT BST-2 (141
HIVERT 1 ARBRT L B2, TN BST-2 AT
T RBE G, N HBV A5 ] 5Bk s E A

BST-2 J2: 4 i 2 #4004 5 75 VR T 7 P98 WA
BST-2 25 [ 5. 2 10 il 7 V0 5 7 L 3R 14005 75 AN Hy R 8
5 T B R 1 T B R R (VLP) 17 AR IR
9 T TRDARE A0 1, T Ao 8 o B 1 i = A 1) e
5%o TE HBV Bent F b= Az K& ) HBsAg 0k & 1

FEWE B 11 55 1 ok IR I AR T AUZ , 7T R & BST-2 1
FH¥EAR . BST-2 25 1 RERG BRI 25 UKL 225 74 Sk o 240 i
FIR) R TET , 17 ) 308 e Sy i 45 R Al A0 B 5 JURL ) BT
LR BIPUREEE 1, 7R 7 BST-2 & 1 AL FRoRA [ 1
BILT 0 i 22 Fh A B 5 M1 E A0 IR, BST-2
RIS A SO B , 70 40 I 2 T 23545 s 5 UKL,
AT 0 ) 9 5 JURE B B, AT 58 45 R vl DL
BST-2 Z il HBV (177 A5 MRSl , AN A 2R 1 sk
-, i HAZHE DNA Fil RNA 7KF,

BST-2 25 [ AT LA il 22 43 R85 44 0K 1) B
HIV-1 ¥ Vpu X} BST-2 & [ B9 #5H0 1 F 9 2l A7 31
B0 FHICHR 0 A48 S Mk e 5 R B 5 3 (SIV) 1) Nef
H M KSHV /) K5 &1 HIV-2 /) Env 2 [ SR 0
BERY GP LB B P 2 2 IR 45 . HL AT BE A L
il A AR BST-2 5 11 B A AT S ] BST-2
(DI RE ; A8 BST-2 25 AR 07 55 . FIE O, 78
HBV @i 7 = A R (1) 0.9 7 0RE (SVP) | J5 %
P G e S DAOR AP B . 3k 46 HBsAg ik 1% A
BEER (-5 10 ERIR B G B RUZ , S e 1 S0k R il 1) 2
BRER,ERMS HIV-1 Vpu —FF, A 5451 BST-2
F 1 DA 2995 B ORE A R 7 3K — [P) RLAT 5 ifE— 25 B
o Fr T BST-2 7E HBV &g i 5 335 Hh iy 454
ML A BT 3 0 eE 518 EAH AR RS, I
PR HIRITHE

S Xk
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