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2 [H 140 19 1 (Autophagy) 2 BLAZ 41 i FH 1375 B3k M0 P9 28 S 490~ 553005 40 0 4% 110 4 e G A 3 1 47 F) —
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40 g [ 4% (Autophagy) » A& —F0 48 i 1 B¢
fiff 1L P 22 4 B 1 BT RN 2 40 40 i s A A A P Al
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Z 955 2 (Hepatitis B virus , HBV) J& 4% ™ 5 g
FEHBREGRARN DM Hur & E HBV &
Y ik 1.2 2" A Bk HBY K4 # L 20 {2
AU SHBY K H T 4 10, ARV B4R
214 100 J7 i # %8 F HBV 18 MK g 5] K ) 9 &
i B A 70 AEAR R T, AT R B 2
I = = et Rk 7 - = O K (A NV B o
Yo G v LR BT 2 7E L i 4P B
vz N T HBV B a7 .

B R B, HBV G i fE = AR 1 X &2
fe WO 41 M B3 W DG BE [R 1 Beclind 1) 3805, A1 L 41
o L S 1 1 e s Y HBY R HUR S
AR HBV g | m ke M. &
TS I HBV J86 G AN B 35 o Jk 4% 40 i 19 15 &
P, LT R O R e 4 i R A f Y . HBV
TG G ) 40 M AR I B R R S A,
LT T HBV 18 B 4815 5 40 i 1 w1 g ) BRI
HAFHL A G TR MK I R? &1 nl i
P& 5 HBV 12 Pk 3 4 4i i 1 W () 68 0> $d v 11 & 7= AR
T I A g B2 R AR G s e N WE? HBVY B 41146
I 40 0 Toll #5244 (TLR3) \ BB {f 298 /b JL A 5
(Mda-5) fl4E iR % S 1 (RIGH) £i5, 88T
LZIFN B 223 F R o STATL F AL % 40 4] )5
LA HLFHE 2 IFN o %F HBV (f 400 5 27 .
BAVKE I T4 % (IFN o IFN B) K& T3 %15 T3
(OASI.IF127) mRNA A &, il ik siRNA $7 K
F% [ W3 o< 4 [K - Beclinl 1 Atg7 $4H) 5 W f & 2B,
X HBV & QL5 B W 5 T30 55 5 &2 1 kR AT
T 25 R, 4 e 3ok e] B W PR AIC HBV
YA INFB R TFI27 [ Rk X Ak — 0
WY& = HBV 26 G841 i (19 R R e 8 B 08 T — 58 I 2
it o

1 ARk

1.1 ##
L1.1 Bt & #4000 pHBVIL. 3 Uk 0y 56 46 &

TRAF UK, GFPLC3 UKLk Hh B} Bt il A8 49 A 5T i 22
RS HL B HepG2. 2. 15 41y - Huh7 41 Jg 9 A
SR ARAF

1.1.2  $H14K: Beclinl $L4K& M Atg7 Piik ) B Sigma
2w, PARP Hi 44k v B e 1 A= W0 BIF 53 22 2 ZE

503 A, FITC brid —Hu M TRITC 4xid —Hii0 A
Santa Cruz A 7, B-actin LA H JbH 9 (b 44 &
Al o B AL W FR I BT/ B TeG AR I A AL
Pyl bRl Bt 1eG W H GE health 22 7] .
1.1.3 i #: siBeclinl RNA. siAtg7RNA FI %} I
siRNA i H Santa Cruz 2 7, Lipofectamine2000 .
TRIzol X5 B Invitrogen /A &) . DMEM %% 5% 3\ iR
A 135 e H Gibeo 24 ] o
1.2 HpRIESF

Huh7 41 }fg -+ 10% fiy 4= 1fiL 35 A1 100 mg/mL 55 57
7 M 100 U/mL [ 75 % 2 19 DMEM 41 Jifg 5% 77 B v 8%
Fto HepG2.2.15 40 g F 10% Jii 4+ I v Al
500 wg/mLG418,100 mg/mL %% % & 100 U/mL #)
T AR ) DMEM i Jig 8 J 0k v 55 95 o JL B IR 46
WAHE 37°C 5% CO, 54 S 4T -
1.3 ‘HEREEE

o441 owm L 2 90% i, A H]
Lipofectamine2000, 3% M Lipofectamine : Jii }i (£
pLo TR pg) A 200 TREAT #4656 SLAUAREFLAE A2 g
BORL: oAl M w Gk # 50% o, A
Lipofectamine2000, #% f{ Lipofectamine: siRNA (R
pLo BT i pmol) 2 13 1REAT 8% 4%, 24 FLAR & FLAE
25 pmol siRNA,
1.4 HAETE DN

JeiE Y HBV Ji i Al siRNA 72 hff) Huh7 41 g 5%
F#: T siRNA (1) HepG2.2. 15 41 Jiid, /» N 96 FL#K
e, AR FLARR 100 who A 20 wWLMTS i1 100 L #7
i 35 IR AL, 37°C 4k B: 55 9% 3 h Jm, W IR A (1) B
it B A 5E 7E 490 nm AR ) OD i, A HE 5 BEE 3
NE
1.5 Western blot #& 3

JH 40 i 24 f# ) (150 mmol /L NaCl, 50 mmol/L
Tris-HCI,2 mmol/L EDTA, 0. 5% TritonX400, 0.5%
sodium deoxycholate andl xcomplete protease inhibitor)
VK 24 4# 40 . 30 min, 12000 r/min 3.0 10 min U4
Ei# . Jl DC 3% (Bio-Rad Lab) il % 2 (1 Bk % .
AN EREGE P T K B A2 PE 10 mine T 12% 73 1
JiZ3E 4T SDS-PAGE MLk Ja» [ THE R E A B
2| PVDF o 5% I 1Bt Ji5 21 4 (TBST i) &f i 42
% E 5 7 Ik P 4K, anti-Beclinl « anti-Atg7 « anti-PARP
i BEE &y 1: 1000, anti3-actin iy 1: 2000, — ${ 43 5l
h BRAR I 26 A0 P Wl A A0 1R BT SR TG ik BE 24 124000
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PN B TgG W EE S 1:2000, jin ECL & )6 ¥k » X—<ay
H 2 55 K R R GE A Quantity One 73 #7 5 1
B HIEERRIEZE .
1.6 BIERAKFKEEDHT

HepG2. 2. 15 40 g T-%: 4237 1 RIS EE T 24 7L
B o 3 R b B Ge A5 B GFP-LC3 Bk, B 4t
72 hjm s FIUK¥e 1) PBS ¥k 3 Kk, #E 0K ]I 4% 2 R H
B[ 52 30 min, H] & DAPL [ &= Fy 7] 355 7 9F 1 90t
B T E 50 A GFP-LC3 W] B R IE 41 i GFP—
LC3 %4,
1.7 B EE PCR (Realtime PCR) 4 #f

Wtk 40 B, T TRIzol 2 A 40 1 » 4 U J7 35 $ AL
& RNA, Jf H) DNasel 2: Bk DNA. 3 i 48 ¥ B IR Bl
HIVK %8 € RNA 58P, SR )5 € & %) 500 ng H) H]
PrimeScriptTM RT & #) & (TaKaRa) X ¥ 3 % ¢DNA.
#if 9 ¥ interferon-a-inducible protein 27 (IFI27;
Hs00271467_m1) , IFN g (Hs02621180_sl) , 27,5
oligoadenylate synthetase 1 ( OAS1; Hs00973637 _
ml) , ) IFNa (Hs00353738 _s1). Jf #] 1 TaqgMan
gene expression assay (Applied Biosystems) i 7] & ik
4T Real time PCR Jx %, H:tF GAPDH (Hs99999905
ml) N A B S . SR AR 27 AT
FORS E B VS B FE TR R 3 IR LR AL PR AT i
FRUG JAHE FR Z ) mRNA k7K 124 .
(A) Ctrl  siBeclinl siAtg7 (B) Ctrl

- <«—72kDa
Atg7 . .
Beclinl - - .‘_ R

2 iR

2.1 F# Atg7 #0 Beclinl 7] ) #] HepG2. 2. 15 ¢
B 4H e B I A & &

Beclinl Fl Atg7 &40 [ W k2 ik fE2 v g 2 A
KAER 7 Forh Beclinl 52 B W AH 5% 8 H #6550
T T A WA TE B TR A6 B 1 T Atg7 2 45
T2 FEFEE A Atg8 & Atgl2 ) E1 FElE, 2 A WAk
T J ) 06 5 R~ DAy e R 9T 1 R 6 HBV Jgk 4 41
M TR S @A R, JATE 5B A A siRNA
BORTI T 45 HBV [ Gk 5 o 3 3 A0 11 10 48
HBV Z& [X 40 ) HepG2.2.15 41 A *F 79 Beclinl Fi
Atg7. 45 B R W, 4 B # Y¢ BeclinlsiRNA Fl
Atg7siRNA J5, HepG2. 2. 15 41 ffi #, Beclinl F1 Atg7
(¥ 2 35 43 3 Lo B REAIR 1 75% F1 80% » HAB L I
TIHAE e R (B 1-A) o Tl % e 4 i [ W A
GRS E 1 GFPLC3, W% [ W/ 4K T8 B Rk B 7
Beclinl siRNA JLHe G4 i) 40 Jig v B W /s A4 1) H -
) 19.6 = 14, i T2 34.5 1.9 (B 18,
C) , X & ] Beclinl siRNA # 4t HepG2. 2. 15 40 ity , [%
i Beclinl 334 5, #0467 40 M B W A B [F IS
¥y Atg7siRNA ) HepG2. 2. 15 41 i, H 8 W & 4
s BH 12 P (Data not show) o

siBeclin| €
: .
15
1

)

0

GFP-L C3 dots/cell

Ctrl siBeclinl

1 T3 Atg7 #0 Beclinl "] 4] HepG2. 2. 15 20 i & B Mk /) & B9 2 B
Fig. 1 The form of autophagosome was inhibited by knockdown of Atg7 and Beclinl in HBV-infected HepG2. 2. 15 cells

A. HepG2. 2. 15cells were transfected with control siRNA, siBeclinl or siAtg7, and incubated for 2 days. The expression of Beclinl and Atg 7 was

examined by western blot analysis. B. Control HepG2. 2. 15cells and siBeclinl HepG2. 2. 15cells were transfected with GFP-LC3. Induction of

autophagy was examined 48 hours after transfection. Confocal microscopy was used to examine the subcellular localization of GFP-LC3, which was

visualized by fluorescence (green) . C. Quantization of fifty GFP-LC3 positive cells with GFP-LC3 dots. The data represent the mean + SD based on

three independent experiments (*, P <0.01) .

2.2 T # Atg7 #0 Beclinl 7] ) #] HepG2. 2. 15 ¢
Barh IFN B #1 IF127 89 mRNA 3%

WESC A KR HBV & e 41 i o 48 =15 5 &
s, FATH A Beclinl A1 Atg7siRNA 11 4]
HepG2. 2. 15 41 Jfil [ W& /= » 38 3 Real-Time PCR 45 |

T H M ¥y TFI27, IFNB, IFN o, OAST % 4 % 1 %
B . 45 Kk B, A H Beclinl siRNA Fll Atg7
sIRNA 061 [ Wit J5 - #15 BE B 2 Mo 4 ) HBV & oE i 4
40 g & HepG2.2. 15 ft IF127 I IFNB ) mRNA [f]
Fik. # Yt Beclinl siRNA J5, IFI27 Fl IFNB (¥
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mRNA 3%k & 73 ) LE 3 R B T 64. 7% A1 59. 2%
(K2 - A);#:3e Atg7 siRNA J5, IFI27 F1 IFNB 1)
mRNA 3% ik & 73 ) L xR B T 60. 4% A1 72. 4%
(Kl 2-B). 8R1M, Lit 2 4 Beclinl siRNA i &
¥yl Atg7 siRNA Xf HepG2.2.15 & IFN o Fl1 OASI
(1) A A #8 G W) Yl 5% )
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Fig. 2 The expression of IFN signaling molecules were inhibited in
Beclinl or Atg7knockdown HepG2. 2. 15 cells.

Total cellular RNA was extracted from HBV-infected siBeclinl
HepG2.2.15 (A) or HBV-nfected siAtg7 HepG2.2.15 (B ) and
control cells after 3 days of infection. Intracellular mRNA expression of
IFN B, OAS1, IFN «, and IFI27 was measured by real4ime PCR.
GAPDH was used as an internal control. The fold changes of mRNA are
presented after normalization with a mock infected control. The results
are presented as means of three independent experiments with standard

errors (™, P< 0.01).

2.3  F#Ht Atg7 F0 Beclinl 7] #] #| HBV & & /Y
Huh7 ¢R Bt IFNB #0 IF127 #9 mRNA %Rix

h T HE PR R AR TR R IA
g, AT T A WX HBV f2 e # 4L 41 fg R
HepG2. 2. 15 T BP0 5 Rk 58w (1) JE it b, W50 T
HBV [GE IS % G afl g vh 40 g A e 5 40 R R IA 1 5
Wi o 45 I, K HBV K34 itk pHBVI. 3 %% %k
Huh7 40, #] H Beclinl siRNA Fl Atg7siRNA 175 41
JL A s, F g R AR E B 4 AN i R AH ] . Beclind

siRNA Il Atg7 siRNA 151 (5 41 ffa [ Wi 7] 4 A€ TF127
FIFNB 1) mRNA 234, A%} IFNa, OAS1 235 TG W]
M. Beclinl siRNA 117 1) 40 i [ W B4 A% TF127
FIFNB mRNA [f) % 3k &8 4 Wl 4 45.8% H1 60. 4%
(K 3-A) , Atg7 siRNA 3 ] [ 40 L 15 W B A6 TF127
FIFNB mRNA [f) % 34 &8 4> Wl 4 47.2% F1 95. 8%

(K 3-B) .
1.2 -
(A)
- 1.0
5
22 08F
a8 = ok
55 06 3
L
g
£ E 04t
- T
= 02t

Ctl  IFI27  IFNp IFNa  OASI
Expression of IFN
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3 FHMMBEATHF Huh? @A TR R RIE

Fig. 3 The expression of IFN signaling molecules were inhibited in
Beclinl or Atg7 -knockdown Huh7cells.

Total cellular RNA was extracted from HBV-infected siBeclinl Huh7 (A)
or HBV-infected siAtg7 Huh7 (B) and control cells after 3 days of
infection. Intracellular mRNA expression of IFNB, OASI, IFNa, and
IFI27 was measured by real-time PCR. GAPDH was used as an internal
control. The fold changes of mRNA are presented after normalization with
a mock infected control. The results are presented as means of three

independent experiments with standard errors (**, P < 0.01) .

2.4 Tt Atg7 F1 Beclinl #] & B W& #0 IFNB F0
IF27 MRIZS5MMAT T X

9 T WY HBV Rk He 41 i 3R 4i i A W T 40 R
IFI27 A IEN B 33k () 52 M2 75 55 40 0 1 o0, -
i1 %f Beclinl siRNA Hl Atg7 siRNA % 4t
HepG2. 2. 15 f 40 MU 7% J1 A caspase (£t K& HE A
W) (BT D) E 3 BEAT T R 45 3 R B Beclind
siRNA Fl Atg7 siRNA % 4% HepG2. 2. 15 41 i, 41 4k
Foan i A s, e LA D e B 2 s, AT
#2 caspase K4 PARP (poly ADP-ribose polymerase)
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PE ] B2 Ak (] 4) « PARP f 1% /& caspase K
AGCVE A B T R S PEAR S 2 caspase (KU
MAE T KA, 116 kDa 7 PARP 2§ caspase §F
S E| R 89 kDa f124 kDao. £ %} Beclinl siRNA 1
Atg7 siRNA #: 4L 71 iy Western blot 5l /& Il , PARP
WD) HIF 89 kDa [y 44t 6 W 2 A fk (18] 4B) o

1207 (a)
2 100 A
£ 80
-
3 607
2 401
5 201
=4
0 -
Ctrl siBeclinl siAtg7
(B) Ctrl  siBeclinl ~ siAtg7
pare W A 150,
e — «—8§9kDa
AU A ——

4 FTHAMBEEEESHARABT

Fig. 4 Cell apoptosis was not induced in Beclinl or Atg7-knockdown
HepG2.2.15 cells. A. Cell viability was examined in HBV-infected
control HepG2. 2. 15 or siBeclinl HepG2. 2. 15. The number of viable
cells was counted at 1, 2, and 3 days. The results are presented as the

means of three separate experiments with standard errors (™, P <

0.01) ; B. HBV-infected control HepG2.2.15 , siBeclinl or siAtg7

HepG2. 2. 15 were subjected to western blot analysis with a specific
antibody for the detection of PARP. PARP was not cleaved to an 86 kDa
signature peptide in Beclinl or Atg7-knockdown HepG2.2.15 cells.
The blot was reprobed with an antibody to Actin for comparison with an

equal protein load.

3 itk

20 0 R A0 M T R N P SRR 0
T R TR S o ol Tl BB Y SR U e
o 211 B WA DCAE 9 i AR KO R A A S T
e S A A S HL S A e A e 3 D) A
Ko Uy THT, I WEAE B A R R R e R R, A
ICRETE I W /s A B 2 0 J Bl 2B s E T TR B R
Ve I A0S GV ok s L RO 0 o A M O S A A A
[ TR S 8 RN » B LA e i 0 0 o Sy
T~ 9 Ji 2 0 T S I R AR O R AR R

N, L A AT B e AR A M i B . T Y
JH 98995 # HCV I 5% 1 - 40 i 15 5 1 W 110 A4 41 1)
T U R AR G g L R # (Rotavirua) NSP4
B HH 55 W /N A UL B 25 R >k 3 5 05 5 RNA (1)
5 1 RU A 9 35 (Influenza virus A) 6] 38 i
M2 & S A MOME B RSP i [ e R
() (1) 40 1 S AN 5] 9 Ji Ak A 4 ke e i R s R HE R AN
A A

KR % 9% (innate immunity) & 15 & 95 500K J7 %
G B R 2. A T R
o3 B AL 5 R G A i &, T T BB
DK eTF2 1) 88 R A 1 2R 3% » A IR 470 B /S 1) ek
FERRBIENE ) — DNEET . THHEEAYUR
BE A% T R SUE AR S AT AU R T
IR PR EEEH . /8 HBV & G9Gy7, T %
F 3 3# & JAKSTAT (janus kinase-signal transducer
and activator of transcription) {5 5 il 4% & ¥ 15 1, #
SKUOE T P02 R CEE B AR A LA AR B B A
R 272 RIGH {5 530 # /2 HBV J 45 ot b R 4%
FEF T 10 T S 3 Pl SO RIGH
LA 53 3, A7 g™ A2 T 40 2= B8 0 B9 i, AT
JA LR B 55 S B o FRATIAE ST R I, 400 4 e H
W, BT F i HBV s 44l fy vh IFNB FiI IFI27mRNA H)
Ik, XA B EYLW] TFNG AL IFI27 wig 2
T RIGH {5 5 il #% ; OASI #1 IFNamRNA ff] % ik %
AW A, W IX PR ] BE A 32 RIGH (5 5
T 5 o AT T AN S BE 02 1 R AR e s B kA
WREAE Ay — AR B R R AR s g — 22 4 K.
Qe HCV 5% 16 JH 40 i 400 1 8 Wk 16 & A= Ik ) i)
&7 IFN B Ml TF27mRNA ff % i&, 3X ] fi¢ & HCV
GG 4 i B W2 BE T MdaS A1 RIGH 13
15 AT P 3R H Ak I 5

H W6 40 B i A7 35 5 0 T B A XU AR A
FERH A v 2 (TMV) o, [ 6 g B 15 95 28 A JE 4
S VAP NS SR A AT B 8 e S R DA
JLPR T B AR e A B RO A AR
VBT R A A T A A T o A0
T2 5 KR % 1) AH B AE H s TFNae fi8 3 2o i 5
JAK-STAT 3 # 58, PI3K 3 % % S 4 o =" .
R A3 A ok T8 Beclinl F1 Arg7 #0031 40 i [ W, W]
VB HOV g 4l Mo i v o R 4™ o T £ B AT 1 3
5 b R B, A B W S S JF AN SR HBV K 4 40 i



1390

Yangxiao Ni et al. /Acta Microbiologica Sinica (2012) 52 (11)

TR R A Ok I B s ) G WY R S . O AT RE
M1 W 0 ) S X TFNoc AT B S A S AT R

P W aa

He -k

BT o R JATIIEFEAE — R B #on

T HBV G4 i 4 i B WS TR R A
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Effect of autophagy on expression of interferon in hepatitis
B virus-infected hepatocytes
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Abstract: [Object] Autophagy is a lysosomal degradation pathway in which eukaryotic cells dispose intracellular
aggregates or defective organelles to maintain cellular homeostasis. Autophagy not only plays a key role in the growth,
development, mature and differentiation of cells, but also is associated with pathogenesis, virus infection and immunity.
To clarify the mechanism of Hepatitis B virus (HBV) infection and cell immune response, we investigated the relationship
between autophagy and IFN factors in the HBV infected cells. [Methods] We inhibited the autophagy by the RNA
interference knockdown of Beclinl and Atg7, the essential autophagic genes, examined the number of autophagosomes by
fluorescence microscopy and examined the expression of interferon factors by Real-Time PCR. [Results] Autophagy was
inhibited after transfected siBeclinl or siAtg7. After inhibiting the autophagy, the expression of interferon factors were
decreased, but cell apoptosis was not induced. [Conclusion] When the autophagy was inhibited, interferon signaling
pathways were impaired in the HBV infected cells. The finding indicated that HBV induced-autophagy enhanced the
interferon signaling pathways, and then increased the native immune response.
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