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[(HE] H UIRENERBZAM™E QWX AT R 7 5 (hepatitis B viras, HBV) Gl 152w, Jiik @it
TR R T AN HepG2 2. 15 7= A= B W, 9 5% 10 5088 AN ST FL 8% T WLEE B Wi /IMATE i, Western blot £ 75 5 5
HepG2 2. 15 #iififl F{ Wihr i A& [ LC3-11/LC3-1 [ R KK ; 558 fit PCR Al HBV mRNA 7KSF 5 i A B Wi il 7] 3-H LA
M504 (3-MA ) , Western blot #5:l 5 Wl i /5 LC3-1L/LC3-1 157KV , BFIE SRy W B0 85 ( ELISA) Kl £ s 5 R T i i
(HBsAg) 33Xk, Southern blot 4l HBV DNA 7K, I61E HBV & HI1E A, 858 HHEZIHES)S, HepG2 2. 15 4ffifE¢
S S A N L T UL B [ W/ IMAR R T B, LC3-TL/LC3-T [l 2 [ FH (P <0.05) ; 4 g5 5 1 W /5 HBsAg fl HBV
mRNA BEH(P <0.05) , TifmA AWl 3-MA J5, HBsAg F1 HBV DNA ¥ Z 5/ (P <0.05) . &5 HMNER
Al i A 175 40 A mEfE E HBV (95231
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Rapamycin-induced autophagy promotes HBV replication

Li Xia, Huang Wenjuan, Zhu Sufei, Chen Weixian (Department of Laboratory Medicine, Second Affiliated Hospital, Chongging

Medical University, Chongqing, 400010, China)

[ Abstract ]| Objective To determine the effect of autophagy induced by rapamycin on hepatitis B virus
(HBV) replication. Methods Human liver cancer HepG2 2. 15 cells were treated with rapamycin to induce
autophagy. Fluorescence microscopy and transmission electron microscopy ( TEM) were used to observe the
autophagosomes. Western blotting was performed to analyze the expression level of autophagy marker protein
LC3-1I/LC3-1. Fluorescence quantitative RT-PCR was used to detect HBV mRNA level. After adding the auto-
phagy inhibitor 3-methyl adenine (3-MA), Western blotting was employed to detect the expression level of
LC3-TI/LC3-I after autophagy inhibition. Enzyme-linked immunosorbent assay ( ELISA) was used to detect the
expression of HBV surface antigen ( HBsAg). The level of HBV DNA was evaluated by Southern blotting.
Results In the HepG2 2. 15 cells treated by rapamycin, autophagosomes were observed with fluorescence
microscopy and TEM, while the expression level of LC3-11/LC3-1 was significantly increased (P <0.05). The
expression of HBsAg and HBV mRNA was increased significantly ( P <0.05) after induction of autophagy. The
expression of HBsAg and HBV DNA was significantly reduced (P <0.05) after adding autophagy inhibitor
3-MA. Conclusion Rapamycin may promote HBV replication by inducing cell autophagy.
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JE—Fp LA ) mTOR 1) 46l 1, 5 S by Pt B 25
I, J5 52 S8 G et R AN B g 25 . WRSE R, &
MAEE 22 AT DL i 90 ) mTOR {5538 B% 75 5 40 B 7~ A=
ELA

ARSI F H B AR R 5 5 LRI E 40 R HepG2
2,15 /Y B WETE P, RIS S e A WM B IE B A W
PR [ p62 Fl LC3-I1 {2k K, LK HBV (3
KNG ERIEN, TR R 5 S A0 F WS X HBV
HIsZIR , HT HBV a7 B B A8 2= 1% L HH 48 4L 3 1Y)

1 HRSH

1.1 ##HX A

Joki pGFP-LC3 FI AR 4 iidk HepG2 2. 15 A E A
TIAREZ 3-F FE RIS (3-MA) g B SigmaAldrich 22 &, 41
B-actin PR H Abcam 2\ &, LC3 HL4K My H Cell Signalling
Technology A7), ¥LF IgG W AL I AYHEARAF . 4
JML3E 52 R 4 1L W A Gibeo 28 Wl g BT 4% 2000 41 4K 4%
DNA BRI & B Invitrogen 23 &), HBsAg ELISA 3257 & 1
H BRI ITER A T o B (O TR Marker \BCA £ 11 vk B 2 34
| & SDS-PAGE FCRGAH & A = KA A, LR 9E0E &
PCR 2 B0 & b & e br i 370 & B Roche 2] i 5%
WH&EWA REEEYAF ., HERNEE H Ted Pell Inc 2t
Fo ZRFRE LB EE TAYA R Haw xRy
A AATRCH
1.2 7k
1.2.1  HEEFG/IME  HepG2 2.15 dliffa4fh 24 FLAk , 400
HKZ T0% ~90% I, 7 44 pGFP-LC3 (0.8 pg) , BARFE YL )y
EHGFN UL T . B 6 h JE 40, 1 20 A B S 5
FEMAEEE (50 nmol/L) ,1 2H L EBSS - £k 2% njrif 8 € 1 77 5
YEDUHAL IR, 1 20 A 1E 1 4 (Ot IR ) |3 LAS [) b 3 %) 448 it
YRZEHsFE 2436 .48 .72 h, TG WA N A& 40 b A
WS/ MR 22 5. IRIBF LIRSS T pGFP-LC3 J5 IEH B R 1Y
HepG2 £ i f5A Xof FESE 56
1.2.2 Western blot ~ HepG2 2. 15 4f 3570 6 FLAK, 1 4040
MU A R WAFE 2 (50 nmol/L) , 1 ZHA/EYLERAL R, 1 21 A5 B xT
8,36 h 1) 1 20 F 7R A 2 28 Ak 2R 20 1R b o A B R R
3-H RIS (10 mmol/L) , BF2H IR 3 K L, 48 h J5 437l
W I, TR I SR 1, 3% BCA R vk g, &
FEREI I S x B EFEZEh, #7K 7% 10 min, B 60 pg
1A ,10% SDS-PAGE HLjk , 4% % PVDF %, AR Wik 3¢
P12 h, 43S 1: 500 f p62 K LC3 $ifd 4 Cid &, PBS PR
3 MA 1:5 000 HRP AR A 2E P bR, 37 CIFE 2 h, Uk
IS A2 2 6 SRR, PR 27 & SR SR D, 52 36y v
P B-actin NS,
1.2.3 Real-time PCR HepG2 2. 15 ZHHa % Fp 6 FLAR,1 4
MBI A TR R (50 nmol/L) , 1 ZH A K #HATH,36 h 5

FH Trizol 3543 FIFEICEEFLAN M RNA , 5256 241 Fet B ZH #5915 3 A~
BAl. BFHMIEETHE HBV RNA ¥R, RNA 3 4% S il
554 ¢DNA J5 , H Sybergreen A%} 5 H: PCR 32 K6 10 5 25 41 g
HBV RNA %4 25352 5, GAPDH /£ J N £, ({58 4 Bio-Rad
CFX96 %< % % & PCR {%. GAPDH L T3 % o 3lh 5'-
GGCTCTCCAGAACTATCAT-3' F1  5'-CACCTGGTGCTCAGTG-
TAA-3', HBV | FUWB1914 %4 1 5'- CCTAGTAGTCAGT-
TATGTCAAC-3' Fl F i 5'-TCTATAAGCTGGAGGAGTGCGA-3',
44 :95 °C 3 min;94 °C 155,55 °C 30 5,35 MEF L
1ERR
1.2.4 ELISA ¥ 1.2.2 W42 (%) 40 i b 175 80P Bk T 2R 2
B AR I 075 ELISA 3505 G4SN HBsAg ¥k &, Nk J& 8
SR B AT 5 ~ 10 A5FR R R, SCae AR E R B I
AT, F 450 nm L0 5 FLOGHE EEH [ D(450) 1,
1.2.5 #ESHEE M AERIEEE R A B A5 A0 i gk
FEF 1 x 10°/mL B AE LA, 1 000 /min BJ.0> 10 min 331G 5%
I, BB 2% Z B IPEEAN0. 1% % 8 (0. 1 mol/L PBS pH
7.4) = EE 1 h S, T 1% #fok L Ew 2 b, 5k
H50% 70% ,90% .100% £, WK K i 7K 10 min, 100% N FR
10 min x3 K, TAERS53 4G 3: VRS, PR S )
M6 h,65 CHEAEIRE VIR 70 nm JERE BT A, BERR 55 4h
Yu sy, 7 5 H T 0 R T IS4 A B A
1.2.6 Southern blot HepG2 2. 15 4HEEFy 6 FLAR, 43T MA
FHRH 3-MA + FINs KA BAL L 3 1.2.2 —FE ik ib
FHAANL 48 h J5 F A0 LA 500 L 2425 2 20 i, 37 CIE
15 min J5 15 000 v/min &.0> 5 min, 8 LR, A MgCl, #1
DNA ff§**/37 C/ki#4 4 h, FEAILA 35% PEG 8000 vkifs 1 h, % I
W AR AR K 45 Cokis 4 h 5w LBy A ik
$ZH HBV DNA, K42HEUY HBV DNA 5 [ FEZ% sl IR 51 J5 1
1. 0% 3 Jig W B 52 v v ik, U0 e I e 9 P % b v b AR M
30 min, HLAR SIS IR R 1, T 2% 5 R 2% 52 i B b 1= < A 3R
SV AT, VRS BB
1.3 %it55#

BHEH x =5 2R, R H SPSS 18. 0 {447 /30, WG 241 52
IECIE R A FE R T 4556, Western blot 28 5 ] Quantity One
EUG TSR 3

2 HR

2.1 FEEEFTF HepG2 2.15 zmfin = £ o 3 b1k

14 pGFP-LC3 JFURL % e it HepG2 20T, 1E 15 5% 5 A K¢
pGFP-LC3 ki i HepG2 2. 15 4l J5 fBOA R Zb 3, 36 h A}
Foe e B W N WEE A H AN T F A . HepG2
MR W A W/ MA (BT TA) o 7 HepG2 2. 15 4AJfL HL, 71
HEFACHRA (F 1C) ALk AL FE 20 40 i (1 1D) AT WL A 8 (% &
Wa/MAS, TR BRE A Wi/ MATE i A (B 1B) o R R dE R
Y514 HepG2 2. 15 4 i@ i i S i R g ] I iy A
Wi/ MATE (B 1E) RTINS 2 7T LA S HepG2 2. 15 4 MY
FEA A,
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A:HepG2 fm it E 3 40 (% % B %
) ; B:HepG2 2.15 4m AL s B 40 (3¢
X BMAL); C:HepG2 2.15 20 e F
N AR (SRR B ; D:HepG2
2.15 ek 4 (R B 4T )5 K
FHH BT F i E F 4 HepG2 2.15
e B e R TR 0L (BEERAS
g ®); 1. AR
B 1 FWEERFES HepG22.15 A
BER B B/ MEEEAL (% 40)

2.2  Western blot 4| & ta & % 5 5 HepG2 2. 15 1
A 7= B

N T AR E R 0T LA S HepG2 2. 15 4 fifd =L
H % , Western blot #5iAS [7] 4b B 5 HepG2 2. 15 40 F WEHR A5
REBEMCHED 1 B4 3(LC3) Rk, 4R ER(E2),
TR AL LC3-11/LC3-1 By (7.48 £0.17) , ikl H
(6.21+0.15), 5% HR4H (3.38 £0.07) WA G it ¥ = R7
(P<0.05),

«—LC3- 1 (18x10%)

«—LC3-11 (16x10°)

«—B-actin(42x10°)

1:xtmam;2. ek Em;3. . ik
E 2 Western blot # il HepG2 2.15 4R B ir 5T QR IE

2.3 FaFEEidid AE¥ea HBV 69 24 5 Rk
AN A TR R 75T 36 h J5 A 3-MA,12 h 544

2 L 3 R B BB 1, Western blot 46U [ W5 2 2 11 17

FE(K3), FNEZE 4 LC3-II/LC3-I FAH K (7.56 £0.17),

3MA 2414 (4.38 £0.13) , 7] I 3-MA eI FRFIME R BTN E
W32 S|4 (P <0.05) . Southern blot £ il HBV w1 ] 42 ifil 44
DNA( & 3B) , WFFHk DNA (reDNA ) FilEf4% DNA (ssDNA) 1) 3
IRIEOLAT UL, B IAAE 2R 41 HBV DNA A B L A 3-MA
A BEAM I E HBV DNA Rk />, 2% 7t PCR &l HBV
mRNA FHX] KA, G5 R KW, 525 1 X 41 HBV mRNA A Xf
FIRFHIRH (1.00 £0. 063 ) FH LL , T A %ES K AL 34 HBV mR-
NA [AHRT SRR I E] (1.61 £0. 145) F it 2% 57 (P <
0.05) . T —FIEW T IHEE 0 HBV (4l , A ELISA
(77 R AR R R S 4 L TS O HBsAg 1K Ik,
A RAL L D(450) {H (2. 66 +0.064) , BILA F W4 i) 57
3-MA 5B/ F) (1.16 £0.065) , 525 AXTBR4L (1. 67 £0.067)
HEAGI25(P<0.05), HUrl L, FFinsE ZiE S 400
FEAE S X HBV [ & 5 3Rk 7™ A TARKE M
1 2 3
LC3-1 (18x10°)—

LC3-T (16x10°)—

B-actin(42x10%)—

M 1 2 3
3200 bp—
1 800 bp—

1:3-MA + T Em,2. FaEE0,;3. 3B M: /7 A West-
ern blot # ] 25 X ; B Southern blot #-n) 45 R

E3 BWEXREDTERZMHBY HEH5RIZ

®

<~rcDNA

«~—ssDNA

3 i

WFFE R, 570 HBV (9 LR SE R | SR s
ol XA P R 45 52 S 8 90 Al 5910 S Jo 2K [T I it
WSV S S A T I6 T 5 n] BES S BV P33 5
It TR FE AR A P e B ) B A R 2
Yy, Wi R T 1 A g TR S5 BB T, vl oS
RSB IR ZERO , BT 9 & & BT T
185 3 AR 1 HBY PR e HS AT i SR
WPEE A T RS T B R L 20 S 7, AT 5 AL
PRGN RS ARG, (B BARHL G i A h T
WPy 2% AT LA S 200 M 1 Wk ) 7 A, AT T R o R
AlREE I A MR HBV (30K

240 19 M ik A T A i i AR
F1o8, WepRo TR e PR AE T H 2 B4R A2 0
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I ok 8 i 40 L R 28 10 402 2 46147 19 41 i 245 4 LA
e 2245 R 1045 TR) Akt Ay 400 g 1 g 8 4 i 485
P FB PR R UL IR, Al A WA E e AR iRk A K K
LM Ak R A BRI I 8 245 T T A g o
F5E B, EVT1 AT U i S RD 40 B e oF 1R
TR AL SR o Ke 251 S B 3 1o 4 4 40
P WA A A B T L > HOV B ST, VR 22
U B 20 W 22 P 2 B R By T R 4 T
BRI FE HBV 5400 [ W ¢ RO &
B2/ = DT I o i 1 = < T T O S =
S HBV B2 HIKF . FRaes Z 48 M R 4
PEPD I B fed 259, o380 HBV &2 kA &4, (1
HAHLH A TE R T .

R T WFIE TR AR RO A [ VR R 2 HBV
Sl Sk, AT F I E R I A E £5 HBY 1)
HepG2 2. 15 4HHakk , K H w526/ MA TN A 1EbR &
1, R IR [ etk 25 F HBY M6 19 5286 45 b1 0 LC3
SR E AR S, AT A L. HIE
B, LC3- T (MR LC3) 2 Mg fiftdni —/NBE 2 K, 5%
ARy LC3- T (BRI 25 48 LC3 ), LC3- 11/ 1 HAHM K
ANLA A B A R, R TR
5 i A R & HBV ks, JATIMA T A
WD 700 3-MA fif bk, & B0 A Wb Il 5 HBV ik
FRA, FigE 4 A4 551 HBV mRNA (HBV DNA
K HBsAg ik I THR &5 A , 2 BH H i 2 i o 40 i A
MRz HBV [ 52 il A eik, #F9% & 8L, HBV Jg 3h 1
WS HE A M7E HepG2 215 41
HBV JEsh FiEtER . b nl WL, HepG2 215 4l ik
RERSASAE 235 HBV, B T 3205 8 & il M OC IR 15 52 1
WA RE S H G 2T G (AR — 2B Y

FEAR HE Y A E A0 A A a AR e R A i T LA 33
1 T B B P 2 A R D AR T — S D AR 2 i
AN A R A B TSR 25 n]
RS S 20 v, DT 52 i SR e 1) 2 1 PR, B
FRATAE il FH 1% 2 24 W 0 Bt ik, 7 6T I [ FBU P DA g
M,
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