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Bluetongue virus inhibits HBV proliferation by inducing macrophages to produce interferon

GAO Yun-fei, GAO Feng-cheng, LI Qing-feng (Department of Infectious Diseases, Yulin First Hospital, Yulin
719000, Shaanxi Province, China)

Abstract: Objective To investigate the mechanism of bluetongue virus (BTV) 16 activating macrophage
innate immunity and the inhibitory effect of macrophage culture supernatant stimulated by BTV16 on HBV.
Methods The expression levels of GAPDH, IFN-a, IFN-B, IRF-3, IRF-5 and IRF-7 mRNA in macrophages
which is pretreated by BTV for 12 hours or not were detected by Real-time PCR, respectively. The expression
of IRF3, IRFS5 and IRF7 protein were detected by Western blot. The expression of HBsAg and HBeAg in
macrophage culture medium were detected by ELISA. Results BTV16 could activate TLR3/IFN signaling
pathway and induce macrophages to overexpress interferon [, and sufficient to induce high expression
of interferon regulatory factor. Twenty percent volume ratio of macrophage culture medium stimulated
BTV had a strong inhibitory effect on HBV replication (P << 0.05). After pretreatment of interferon I

receptor antibodies, the inhibitory effect of macrophage culture medium stimulated BTV on HBV releasing
significantly decreased (¢ = 14.031, P = 0.003). Conclusion BTV 16 can activate the innate immune response
of macrophages and significantly inhibit the replication of HBV in hepatocytes, which provides a new idea for
clinical treatment of hepatitis B.
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1.1 £ % # 8 BTVI16 Ml HepG2.2.15 41 Jitd #k 1 A<
SEIS FARAT; W SR & W B 0 EE K Fermentas
7 73 Real-time i 57 & ¥ H 3% [H Bio-rad 2 #l;
HBsAg ELISA # il i 77 & A1 HBeAg ELISA fa il i
FEWEE LR TR ER AR Rt
MR 24K 2 Bk 5 35 [# LifeSpan BioScience 23 7l;
Jifs 4 1fi 37 A1 DMEM I H 3£ [ Gibeo A &; TLR3/
Mk RNA &40 % B 3% E Millipore Aa]; A
o T-# % ELISA {57 &A1 A B Tt % ELISA i 7]
B E LERRERAEMRHE AR A .

1.2 wmfedd A EREAIE r E 5% 715 S5 M R X
Bk O K BT 2 AL B S 0 N 2 Ficoll E 2,
500 x g & 0 45 min, B A (A 40 g 2, A PBS
Ve 2 IR G 3R A3 A0 B A% 4 He (peripheral blood
mononuclear cell, PBMC) . ¥ 7 & 15 F| ) PBMC
154 0.2% WY DMEM $:3:5 4 37 ‘CH:%: 1 h,
R AL 1 R NG B 85 FR M TR S, 3 R UG BE Y
7402, 10 mmol/L EDTA 4 1k J5 FI DMEM ¥
1R, AE10% A4 g 2 mmol 45 & BEZ -
100 IU/ml HEE 2. 100 pg/ml 55 E M 1% E0F
FHEFR I DMEM B 9217F 48 L, #4L 2.5 x 10°
NEEAZYII. 37 'Cy 5% CO, &M R 7d J5
AR A0 M0 5 A6 N B W T . HepG2.2.15 4H fitg 1%
FET & 10% a4 Mg e sk, JFmA%
W FE )y 400 mg/L ] G418, T 37 C. 5% CO, } 7%
FErR IR,

1.3 BTV16 % Polyl:C 4 32 E »% #m . H G IfL i
DMEM ¥ % 1 IR A i M E e 40 g, SR 5 n A
BTV16 (0.1 TCIDy) 37 CHW & 2h, F I I i
DMEM BEH4IM 3 IR, #e ik R ikt o,

1.4 RNA 23K, i#4£3% PCR #= Real-time PCR i [f]
Tri-Reagent (£[H BD A#], 15 TB126-50) #2H
A0 P e RNA; Al 3008 555 & (1 [E TaKaRa
], B25 6210A) HEATI G5k PCR; DA% 5=
W) cDNA 1E N #R, f# H 1Q Sybr Green Supermix
% 4t (3 [ Bio-rad A 7)) # 17 Real-time PCR.
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Real-time PCR £ Jll GAPDH, IFN-a. IFN-B. IRF-
3. IRF-5 il IRF-7 f) mRNA % X 7K *F-. Real-time
PCR 5|¥)7 %1 L3 1, GAPDH mRNA AN,

1.5 ELISA #& ] B W40 i 5394 ) TFN-o.. IFN-B 2
i@t AR, ELISA A &t arill, HARHEAED IR
SRR F £ B 5. HBsAg % HBeAg ks it
£ BTV 16 HI¥U5 i ENE g ks 772 i, %08 1%,
5%+ 10%- 20% 44 AR Lh 5 in N 37 5 55 9% L 1E AT
FikE, RGN ] HepG2.2.15 4 i 7 15 37 48 h,
K 85 7% |35 v HBsAg #1 HBeAg /K F. [ A+
Pzt HBV 1EH: A 1 TR 2R fiikxs
HepG2.2.15 #EAT WAL EE, 4R J5 ) 40 j A i 20%
R [ BTV 16 738 5 W5 40 o [ 1 375 Ab B8 48 h,
friliis 7% B HBsAg #ll HBeAg.

1.6 Western blot BTV 16 5§ Poly I:C 4t # E Wi 41 fity
24 h J5, Wi 3 b, PBS ¥E¥ 3 K. i\ RIPA
Z f# W (150 mmol/L NaCl. 50 mmol/L Tris. 1%
Triton X-100. 0.1% SDS) ¥K | Z4i# 40 fifl 30 min,
BE J5 N 4 x SDS b ¥ 2% #h i (1 mol/L Tris pH
6.8. 8% SDS. 40% H . 0.8% R My ) W 5.
FE & W 10 min Ji5, i SDS-PAGE Jii 4> 54 H .
BT EBEREMERRE R L, H 5%
it g 95 % 2k AT B 1. BE J5 W B IRF3 (Abcam, 3%
E, %5 ab68481) . IRF5 (Abcam, FE H, 5
ab181553) . IRF7 (Abcam, Z£[H, %% abl09255)
1 GAPDH (Abcam, £[H, %5 abl81602) HI—4i
R, R —PUE I E EPLR TPt (Abcam, E[H,
45 ab6721) 1h, HjEiEid ECL 4k Rk ekl 8
1.7 %ot 5438 SLIGE (6 A GraphPad Prism 5 %
AT o dr, ARSI EREEL x+s5 &
N R R ZES, BLP <005 NESR
EENES-9E
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21BTVI6#H FES @ >4 1 & F#hE DL
Polyl:C JNFHMEXTHE, BTVI16 4bFE 12 h 7] i3 2 o
Ewggnprh 1 B4t & (JFN-a. IFN-B) 7 mRNA
KFEH L (r=4316, P=0.007; t=6.170, P =
0.007) . BTV16 #i] 18 5 W 41 i 48 h 5 Yk £ 5 W
UM KT 7% Ly, il g I PR EAR
K&, 5 Polyl:C [ 1 X FEAH Eb, BTVI6 1] &
EHWRE VR R W I B TIER (1=8337, P=
0.006; ¢= 13271, P=0.005) . W& 1. 2.2 BTV16
FHFTIMRWTHETFREF S 5 Polyl:C BH X I
FA L, BTVI6 43 12 h J5, B W 48 g o IRE-3.



IRF-5 J% IRF-7 f{] mRNA /K {2 2% Fh (1= 3.648,
P=0.007; ¢t=5.441, P=0.007; = 12.696, P =
0.005) , .+ IRF-7 ¥ FF i & Bz K. Western blot
g WKW, EEEKTF L, IRF3 I IRF7 £ik/KF
T, IRFS FHEKFARE. WA 2.

2.3 TLR3/ M4k RNA & &4 4| F| FLEF BTV16
FEwmR =4 1 AF#HE 50 umol/L TCI 4bHE
W &1 i 1 h J5 347 BTV16 #l ¥, IFN-a. IFN-B Al
IRF-7 mRNA AH%} ik 75 HH BTV16 BIBUE T~
& (t=28.384, P=0.006; ¢=13.006, P=0.005; ¢=
3253, P=0.007) , WK 3.
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A 4] 5% AL BTV16 )i FiE% HBV J 2 35
B 53 Wh r= A BB I HIAE T, 20% AR LLiY E 3 R
ALK& ] HBV 5 2 50K 1) 73 6 (P << 0.05) &
BTV16 H] i B Wi 41 f 1) b3 X T HBeAg B A #H
L I /E . BEE BTVI16 M ¥ B W 40 i i1 -
B LBl 097 &, HBeAg 40 WA /K-F 28 F R (P <
0.05) . WK 4.

2.5 1 AFHRE* HBV L4 69dp411ER & 1 T
HEZRPUATIA T 5, BTVI6 HW S W41 i b
JEXT HBV B 4m s E B & 055 (1=14.031, P=
0.003) , HX} HBeAg HI-b A MIIFHIHIER (=
6.582, P=0007) , WK 5.

% 1 Real-time PCR 5|4J%%

HEZEZ0 Ewildh R 5|4

GAPDH 5’-GGTGGTCTCCTCTGACTTCAACA-3’ 5’-GTTGCTGTAGCCAAATTCGTTGT-3’
IFN-a 5’-TTTCTCCTGCCTGAAGGACAG-3’ 5’-GCTCATGATTTCTGCTCTGACA-3’
IFN-B 5’-GCCGCATTGACCATCTATGAGA-3’ 5’-GAGATCTTCAGTTTCGGAGGTAAC-3’
IRF-3 5’-ACCAGCCGTGGACCAAGAG-3’ 5’-TACCAAGGCCCTGAGGCAC-3’

IRF-5 5’-AAGCCGATCCGGCCAA-3’ 5’-GGAAGTCCCGGCTCTTGTTAA-3’
IRF-7 5’-TGGTCCTGGTGAAGCTGGAA-3’ 5’-GATGTCGTCATAGAGGCTGTTGG-3’

& 1 BTV16 FSEMEMA~4% | B FiE mRNA RERKFHTL
E: A.BTVI6 S ER74 T T4 E mRNA KTFA8L; B.BTVI6 %S EMANM Figd T BT EEAKTEENL, P <

0.05

IFN-a mRNA: BTV16 4H 5% B4 AL, 1 =4.316, P=0.007, Polyl:C 5xt/B4HA L, £=3.046, P=0.021, BTV16 15 Polyl:C ZH A tL,

t=3.557, P=0.008;

IFN-B mRNA: BTV16 0 5% B AHLL, 1=6.170, P=0.007, Polyl:C 5 X FRZEARLL, £ =3.624, P=0.015, BTV16 485 Polyl:C ZHAH L,

t=5.173, P=0.007;

IFN-0 F H: BTVI16 A5 RAMLL, 1=8.337, P=0.006, Polyl:C 5xIIEZAAHLL, r=2.035, P=0.042, BTV16 45 Polyl:C AHAHLL,

t=28.034, P=0.006;

IFN-0. 25 H: BTV16 A5 IEAMEL, =13.271, P=0.005, Polyl:C SxtEHAM, r=7.239, P=0.007, BTV16 45 Polyl:C {1

ML, t=9.416, P=0.008



2 BTV16 iESER G IRF-3, IRF-5 #1 IRF-7 mRNA REAKEHIK

VE: A.BTVI16 %3 EME4NE IRF-3. IRF-5 fil IRF-7 mRNA /K FRiEF+5; B.BTVI6 55 EME4ii+ IRF-3. IRF-5 fil IRF-7 & H/KF
ik P < 0.05;

IRF-3 mRNA: BTV16 A 5% B4 ML, 1=6241, P=0.006, Polyl:C 5xfH8ZHAMLL, ¢=5.930, P=0.006, BTV16 %15 Polyl:C ZHAH L,
t=3.041, P=0.008;

RF-5 mRNA: BTV16 A 5% HEAMLL, 1=9.072, P=0.005, Polyl:C 5%, ¢=7.643, P=0.007, BTV16 45 Polyl:C A
lt, t=3.641, P=0.023;

IRF-7 mRNA: BTV16 4 55t R LL, 1 = 18.426, P < 0.001, Polyl:C S5x+BLHAH L, 1= 11.073, P=0.006, BTV16 41 5 Polyl:C ZH A L,
t=8.533, P=0.006
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3 TCI fEHT BTV16 5 S EREMARA4 Y IFN-a. IFN-B, IRF-7 mRNA 7K F25{f,
H: A.TCI BHI BTV16 i 5 E W40 4 ) IFN-a mRNA /K-FA84¢; B, TCI FHEr BTV16 i 5 E W48 7™ £E ) IFN-B mRNA /K48
fb; C. TCI BT BTV16 55 E Mk 4 A 4 7] IRF-7 mRNA 7K-F48 4k,

4 BTVI16 FSEMEREMA EEXT HepG2.2.15 433 HBsAg. HBeAg BIHIHI{ER
H: A.BTV16 %55 10 EME4H 35 % HepG2.2.15 4> b HBsAg [RHIHIER, 10% L BTV16 5%t HRAHLL £ =3.295, P=
0.035; 20% {AFEL BTV16 55 BBALAHEL £ = 5.061, P=0.005; B. BTV16 i 55 I E M4 L 75 % HepG2.2.15 43k HBeAg I I/ F
10% AL BTVI16 5xBAMEL, 1=2.247, P=0.042; 20% {&FLtL BTV16 St BLHAHEL, ¢=4.385, P=0.006; ""P < 0.05
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G g% I i v B EEAE MY, BTVI6R] 782 Fh 4
RPEGES 1 BT ENRE", EGXBTVI6
75 BRI = A TR I HBV & i1 18 & IR
., AWHFFIGAE TBTVI16EEM 17 S B 41 iy 7= 4=
[ B a, HBEEME 7 LG E HBV T
EHl. HEERE, 20%KAE LR I% g AT
HBV [ 5 1] 72 A e o A 3 /E FH o

BTV 1615 S 5 Wk 4 fd K R 50 9% e B 3 L8 1
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TLR3Z & )5, G FNIFE 5% SiE, fFIRF-3,
IRF-5FIIRF-7TH)RE =S, M AR 12
T EMEKIE. Poly LCATLRIME A, HATHGH
PIBETLR3 LTI R G 55 S IIER . AHE
FHBTVI6XTEIETLR X T &S 5 S@ B K
1 3% T Poly 1:C. TCIA] LI XU ERNA S TLR3
git, EASHIER NG SR FEENEL, A
REA ST IMRNRIE . AW T FHTCII AL HE B
M5, BTVI16HE S T B2 K0k 02 PR,
A B -4 2 8 715 8 (1 IRF-7 mRNAAH X 3Rk &A1 5
ERFE, MWMUER] T TLR3ZEBTV16#E S [ B T4t
REXSHEPHEZEER, BTVI6HRNABEA BV
NP TLRIE A, iS4 1 TR, MM
YR A HTHBVIEH

[ BT EAEE S 2 M T30 2 B IE K )
Fik, M SR AP FERE /1. HepG2.2.154
o T BT IRZARPUATIGE S, BTVIOHETIE
W 4 i L3 PRI HBV & il (f Rg 0 B Az 4. 1 3
TR ZAEPUARAL TR S, HepG2.2. 1540 H ) 1
ARG, LigE REdm 1A+
MRS, B AEPURTERN. &1 BTIREREE
BTV 1613 1 BG40 p 3 77 E3s M Pum s EH H B
HHEIEEH. EBTVI6ESF=4 1 1 BT &K
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