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The Autophagy in Picornavirus Infection

Zhou Shan, Cheng Anchun*, Wang Mingshu*

(Avian Disease Research Center, College of Veterinary Medicine, Key Laboratory of Animal Disease and Human Health of
Sichuan Province, Institute of Preventive Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

Abstract Autophagy, a highly conserved lysosomal pathway in eukaryotic cells, is responsible for the
degradation of intracellular misfolded or redundant proteins, damaged organelles and intracellular pathogens.
The picornaviruses uncoating infection rapidly induces autophagy, which further activates the formation of
substantial autophogosomes. Autophagy, as an innate antiviral immune pathway, can promote cell surface pattern
recognition receptors and interferon pathway, and enhances presentation effect of major histocompatibility
complex on virus antigens to inhibit picornavirus infection and replication. In addition, given that autophogosome
provides picornavirus replication protease and autophagosome-mediated exit without lysis, autophagy can enhance
intracellular and extracellular virus production via promoting picornavirus genome duplication and progeny virion
release. This review concludes the role of autophagy on picornavirus replication, in order to support certain basis
for analyzing the relationship between the infection of different picornavirus and the time and space of autophagy,
and illustrating molecular mechanism of autophagy in picornavirus infection.
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BEJE 0 B AT 200 1 B A, DU K T R
J# B (poliovirus, PV). #i] [ &} i £ (coxsackievirus,
CV). Wi&%i# 718 (enterovirus 71, EV71). A
£ 9% 5 (human rhinovirus, HRV). i 0> JIL % 55 7
(encephalomyocarditis virus, EMCV). 1 i 3% %5 &
(foot-and-mouth disease virus, FMDV)F1 B 24 fif 5% 9
# (hepatitis A virus, HAV) Jy fit 400 /NRNAJH £ %
209 B IEHERNA, 3K ZARNATE 40 i # ¥ R 4t
M S TAR— K LEENZREARATT, £%
PR 2TV R B 2 A B A (PLIX) MRS Ky B
(P2.P3[X). PIIXZiLVPO.VP1. VP3=FKFEH,
P2[X % f42A. 2B, 2CH H i, P3IX % i3A. 3B,
3CHI3DEE H .

Hl I (autophagy) & H A% 4il s N — FF 5 £ (self-
eating) I I 5, 45 41 Jitd £ H W& AH 5% % Xl (autophagy
associated gene, ATG)JIHE T, FIFH XUZ AL 2 7
FEfrm A gs . PSR E Rk, &A& 55N
A Rl 5 T 1 1 W T IR A, R A HG P A B T A,
DA SI 30 240 i S 745 AP0 200 i 2 ) BEBST. 4 AR QR R
ABRATS, BWRAKFEUS Wi EMAEMNRER, 7T
P HOE A  E E E A, R, B R — AR
) 15 B AR AH G 43 1 45 1 (pathogen-associated
molecular patterns, PAMPs) 141 ffd N i 42, #0199 25
SRR S AT, b RO R 7 A, BRAGR
BRI AR HERE . [RIR, [ W8 R B P Ak sk e
BRI & DL B OR A, TR 25 25 1
JRRGL B ) LA SRR T, 7 B B 5 A M R g T
AIERAR T A H VR 5 /NRNA B 12K G 1 B 7018
L, IR T 40 B AR /NRNAY 55 Bk B R R I
IFEH -

1 /PRNATRERASHE LA B

/NRNAJ B 18 e 41 f A, BRIEHOE B R 1,
L N R AR AR, IR AR R B A R,
H W bk & B 0 B0 A D% B 182 BE 3(microtube
associated protein 1 light chain 3, MAP1LC3, LC3)&
A SRR AR, BRI BULC3-TER L M i 45 A T
[JLC3-11, LC3-I15 % g 44 #H O¢ 5 2 1 1(lysosome-
associated membrane protein type 1, LAMP-1)k 4
FELL, FRUNRNATG B AE V53 58 B 1 B W L2 H R
WM, R Je/NRNAW FE B . LC3FIATGS
I EAZRIL AR, BB L E IR KW, ZNRNA

WEEARSS51ES s,
1.1 ZFHEARESER

/NRINAJH 55 1) 45 16 8 [ Jot Be PO 0SB s
%, HRTRIE R Z R VPR A . B0, HF 788,
JLEYLLCIFIEVTL VP EAZ RIB AR, H W bs
HEBAMRLCIKAEHEM RUREEIR, HHLC3-
g Ak NLC3-II, LC-I15 VP 1k A4 35 fr, X M 416
B AR L, REIEVT1 VP1RERS i T 41 i 5 o121,
Zhang%" % B, EMCV/#% J*BHK-214f iy 5, LC3 A
EMCV VP HUAR AT 9% 58 6 X bR SL 58, LC3 5
VP1aeE L A7 T H WA I L5 14, FRIHEMCV VP1
HAFS AR DIEE. FMDVEGLR, AYEMHELC3K
AR B IR SR AR T A T, B O 5% 3 4 A P
LK B AZ FEV L5 B VR, T mURATGS 4
W HLCIEHEAMBEIER, ik B WKL,
FMDV VP1HILC3 K Ht A ll FMDV /2 4 (1) 48 i 15,
RILVPIHILC3E H i /K FREH 2, KELC3IKA
figtk, ZWFMDV VP1IZATGSI&ZEH S AWK AEW,
/NRNAW B MW E A RAS B S E AW
Rt — Lo,
1.2 EEMERRFSER

/NRNATR B [ 2 P dE 45 14 85 13 0 B R B0E
1A E AR, (HE AN A RN RNAYH 23 08 4 2 5%
Taylor%5'7E 2 1 1§ 3% IAPVII2B. 2CHI3AZE
JR, LC3IR A Bath, 724 K& H Wik g0, B
2 B2 A BEP VAR 45 1) B2 1 0 /K P 38 ey 1 3% 5, 3K BA
PV 2B. 2CHI3AREIRIE 11 A MEE 2. A 5% 25
#£B3(coxsackievirus B3, CVB3)#J2B %5 [ Jii #| FH 5
R A K 5118 5 1 W R AR, (et B /N AR R,
i 5% 25 9 B B4(CVB4) U DL — Ff 45 £ [ [ (calpain)
WA T 2ok 5 T 40 i B W, 51 LC3 AR5 A E g
P )RR, EMCVIE G2 i, 3AEE 1 5 41 g
LC33L5E A7, 55 A2 O B 1 WA 02 2 iR &5
¥, 2C 3D [ 5 1A 5 S5 R0 30 198 Ik i sk iy Joi )
Jilp 18 (endoplasmic reticulum stress, ER stress)>K 3 i
Y [ W, ERE AEIERE2CRI3DER [ B 3R IA, 3E
— 2 38 5 6 [ W 1R 5 4E Y. FMDVIER 4 41
Jf R, B B S A0 MR TS A RE S U R A
I, 5 #:2B A 18 o B H s 2, KELC3
RAEFREBEI RS, o, N S5 228 (human
rhinovirus-2, HRV-2)/#& %% if; T LC3-115 W ARME £ B
Jl(phosphatidyl ethanolamine, PE)4% & 144 72 T H W
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XRS5 |, 2 B AR R &Y S LAMP-1 x4 3k
SEAL, TR E MR 1A, R YTHRV-21% T2 e B 1
0 K RN, AR H AT R LR e R R
T E MR T RE .

2 BEHIRNATRES R

W 2 20 i P HEPT /N RINA G 25 8k 4% 1) [ A5 BTy
o EWR— 77 N0 4 M 3% T A =X R 7l 52 446 (pattern
recognition receptors, PRRs)F1F-4 2 (interferon, IFN)
IS RAIE e BT R A LR E A )
(major histocompatibility complex, MHC) 75 5 /= A4 ]
TN A T AT G e R0, ] 73 I G B
i, P BN E RV B AR R S — OB R &
HEON B WA BAAR A R R TR Rc— R e 3 R
RNAJH B G R4 BRI (K1)
2.1 BREFUEREPRRsKIFN

H 2 A8 GiPRRs I AN 2%, RE X s L PTi A
Bl RENY ., PRRsA 45 Toll#: 52 44 (Toll-like receptors,
TLRs) RIS L 75 3L A T4 52 A4 [retinoic acid-inducible
gene-I(RIG-I)-like receptors, RLRs]%%. TLRs/& 4f fifg &
OG0 O 57 i 32 L JPRRs, BEE A2 [)JPAMPs,
WOE e R AR 3 WK M A ZNRNAT B 551
A=W U5 IPAMPSIZ i 22 4 B AR N %, WO TLR (S
T IF R TLRs S 3 1 R AR G 5 RO, Horr, Toll
FE 5% 4R 7(Toll-like receptor 7, TLR7)4F 5 14 11 1) 58 4%

Picornavirus @@ @ . ()]

q Recept:

RNA, 815 5 W 8 42 80 [ % Al /DRN AT 25 1% R
Toll¥E 32 14 3(Toll-like receptor 3, TLR3)#43F TLR3/
TICAM-1(Toll/IL-1R homology domain-containing
adaptor molecule 1)i& 12, MM /™ A HKHIPV TR K
FEPEIFN, KAEME 1 RR BN, KL, AgS
PRRs /5 3l B R SR G B RS AH ELALBE, TR U 75
SV o

H g R AR, EE R SR ATGS-ATG1 215 L RLRs
I %SG B 2 Sk 2R BIRIG-I. TBKI1. TRAF3A
TRAF6, MM TPt 2 U4 715 K+ (interferon regulatory
factor, IRF), 1755/ 42 K &I14L T4 %K (type 1 interferon,
I-IFN)24, TFNRE /2 2F B P 19 Z/NRNAYK B 2652 45 17
A /NRNAJ 2 (IR G A5 5, TH/DRNAJ 2 (1) 1% G
S ) 5 A0 M T 43, BELLE 5 SRR HE N | WV A, T
FCR SR 00 25 DR 47 L HIP2T, FMDVIER 3L i, —
Ji i, ATG5-ATG 124 1l 55 B Ak [ 5% ¢, 7 DA%
T3 B RL T (R R RO B2, IR FMIDV I 4 i 9 A2 &%
JNi; 55— 77 1, ATG5-ATG124 H TRAF3 ) F& fiR, i
BETBK B R 1k 7 3 L IRF3, 7541 i 4 7= 2 K &
[I-IFN(IFN-o/B), 3 FU 28 4K 78 i H Jit VPO VP3
) 212 32 B I, o5 B RL TR TBCRIRD, o TR R
BE 77 BEARRT; B Ah, ATGS-ATG12iE B #11 il FMDV
X RUEERNA K #1125 [ 08 (double-stranded RNA-
dependent protein kinase, PKR)[¥][% fif, 1i& #EPKRY
ik, JRE R KT RIS BIPKRR AL BEIK K o/ B IR

or
e ELL LRt Oy it Rttt Lttt Tttty
SSVISSSSEIISNNEY, §pLoscyy SESTTI80TT)

LU LT E L CEL LA LR E L ELLELLEC LT
SESIIESITEIETIITINENIIIIieeisseitesssesesss:

CD4°T cell

@ Autophagosome l
@
e

LC3

@) MHC-II
AR o O l ® Lysosome

TLRs

2

SS R ATGS/LC3

- ATGS-ATG12
Autolysosome

Cell membrane

e —> (@
NF-xB

\ W6

IL-6
.

TRAF3 e e

,-" _)

TBK1
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Bl BREHIENRNAT S S IR FESE 30K (24,34,40] 120
Fig.1 Autophagy inhibites the replication of picornavirus (modified from references [24,34,40])
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W AZ R T p65t% e A, 1 L% K §-kappaB(nuclear
factor-kB, NF-kB){5 5 1# %, B AENF-«BH#H]55 H
(inhibitor of NF-kB, IkB), #5574 K& 41+ A
/i % 6(interleukin-6, IL-6), FEFMDV I X 41 [ & il
Z 2 4MH], 7 EFRNAKE FEK, R~ 8 TR, i
R S T A0 PR AR D Y . W R I B AR 1 R
S BRI R YD, BPSQSTMI1/p62(sequestosome 1)4E
F9 5 RO 7 4 FENF-«BAE 5@ 1%, 55 577 £ KT
TR YL IL-6. TL-1B. CVB3JEYLIN, 5 5 5 (A
2APE I F AR K B PR SQSTMIL 2 ik, I /KF
FISQSTMI BE MG H- 4N FTENF-«B15 5@ s, {2t 7=
KEN-IFNAFIIL-6, Ml CVB3EGL 5 125>, A
PG NIIFNFIIL-6tH e T HEPVAIEV 71 1) & 4 52 il
E2 B R R L VSR TIFN AL KA I PVAIEVT 1
(IR T 25230,
22 BEEEFSNERZ/ER

MHC4) F 43 AMHC-IFIMHC-IIH 2%, IE & 1%
L N MHC-128 731 32 52 o m e e 1) oA 9 PR L B,
TEALCDS TN, MHC-11ZE % -2 2 AR it 5k,
TG ALCDA T fE™, [ W R A, LC3BIIN-U 5
H W ZE &, WO B F FIMHC-I R 2 2
VR, H357= A2 KB ICD4 TR Y, 4LC3H 5% 75 g
(LC3-associated phagocytosis, LAP)J_I* FJLC3BZL i
J&, LAPSMHC-II# & JH HMHC-TER (2 #F 5 Wi i
P A R TR B4, 7 W B BT JER PRI BH 12 Fr W AR AT G 8/
LC3MN WA B F R AR K T ok I SV B ik & AR Rl
I, ATG8/LC3fi# 47 B Pt i B A% 326 45 MHC-T128 43
TN T ACEE, )7 A CDATA 2, Rk, H
RES SR MHC-TLH R LR IR 2R .

CVB3/& Yt J5, 9/ B MI2B. 2CFI3AZE 1 i I
I 00 ) J6 % 240 B PN D R O I i AT PR T A
MHC-124 %3 7, {# fSMHC-17" 4= CD8 T4 Jifd ) ¥ &
/b RS T A M B W, 23 ATGS/LC3FH P 7 ik
P& 7 BECVB3 I 4% it 45 MHC-112K 43+, Hl MHC-
10K & 7= A CVB3HF S M CDA T Y, K 114 7] B4 i
CVB3P23, CVBAEK L J5, Lh—Fh Ak 45 2 1 B 1)
T Aok T H R AR, S SRMHC-TT PR3 2 AEH,
" HECDA T L, H /2 CVBAKE = HECD4 T4 i
7 A 2 AR TS B TN PR R AL VP, XLt
CD4 T2 A R BEAE J I (8] P 42 [l B 254 A4,

PVIEGL 5, i 85 3 AEE 1 BE ELEE A HIMHC-1
FIPT IR 2 EH, FRIRCDS TN A s 1, M T ik dek

CD8 T A i) Ho 5 N1, SE BE 5 3 H R A, Tk
B AR B 6 B3R 42, BIATGS8420Y, ATGS#
15 ] 38 SR MHC-TD0H9 #5901 42 2 AE L, 0™ 4=
CD4 T M, 112 35 1% 41 o 7= A2 995 25 45 5 PETFN-y,
B[ VE T B VPG5 M B 15, AT PR AR B e 1 9
BT, [FE, WA R SR PV 1) 45 AL B2y I S
B /ISR BN 20 00, e s A8 o 3 2 /N i B
NG TARER S, $ 4 MHC-TIZE 50+, Il
R A i 77 A K B PVARE 57 4 [ CD4 T4 filg 2, ax
SECDA T i PR 38 (30 12 T40 i — #E B K
HIC 12, BEAE K A ) H YR 509 B8 B R, R IEBIPVIL
RE; 7 MECDA TYH M {2 i3k 7 AL IFN-y APV T 5= it
s, 320 R AEINHIPV IR A FH P,

3 BRRH/RNAREE

I 7E /NRNAJ 2 8% Gy 52 1) b 4y 5 00 EE £ €4,
AL Fe I NRNAJ B3 5, 146 BEAE AR iy Ja 317
AN B ¥ AR, B R E/NRNAY 35 52 11
FARIThRE. — 5 T, ATGSAr 5 E W41 i o016 % i 1)
48 1 A0 (extracellular microvesicles, EMVs)fd Z£ /s
RNAA #, H/INRNAJH B 52 41 52 1] 37 BT 5 52 i1l A ¢
TEEMY, S — 5T, F WAL NRNAT 25 K 4 1
S KA ERRL T (1 RS RO AR (E2)
3.1 BEE{Ei#/RNAREEFEBEH

W B T, A PR 002 B 4 45 ) AN I S
H AL FECVB3, ATGS/ 5 H Wi 40 fa - 4R 4% IF 4 1k
T i B CVB3IEMVs, SN i% s B 8% 4 & il LA K i
W R PR T A gL, CVB3RRHIH B
Wik 5 VA T R R A, 7 LV AR Xk 1 O A R P 7%
VIR, T2 BT AWK S SR AR BRI AR
R, RN R 1 4 A 55 3 i AR
W R, BRI R N &G R R U S 5 4
A HBERNAMITLRY, MCVB3fE B 1L F W44 5 1% il
PR GG T A B Wt v B PR ok AU 22490, DR, g
NCVB3 R LR T & PR R A2, T2t/
RNAJH B 4L 52 i

ATG13% 55 CVB3. CVAMEV71%%/NRNA
i 15 2 R 2H ) S, SR LG A AN, F T A
B2 %% 1) 20 e J5 B 2 PR A 4 ) T BERNAJH
B 37 FTUCAT, T W40 AR 4 A T R T EM Vs i
SE K AT /NRNAYH 2 2 ) B A B, AT ALEM Vs /)
RNAJ 3 [ Z i35 BB, geah, HWERE B LC3E



JE I ERTE NRNAJ TR b (17 H

1623
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Fig.2 Autophagy activates the replication of picornavirus (modified from references [40,49])

10 58600 2 2 B R (R PV e . 3k
o Y N o 2 5 S K I 2R B, PVATFMDV (1) & il 45
KEHFBASLC3K I E i, 7] W3A%E 2 5PV
FFMDV & fill #H 5% 85 (1 5 B A 11 0 9 2 FLC3 /)
PE IO [ R AR R I, 7 AR R AR R
PN, AR NLC3 KR RIA, HLC3-IfgIL N
LC3-11, PVAIFMDV [ & il #H 5¢ & A it 5LC3-1IKk
A RA, T EE VR OUZ 2544 B AG I 2PV AT
FMDV 1) & fill # 5 2 [ R 3AUS) {5 B [ W 38 o 1
PV. FMDV 3AZEE MK E A RIER. i, LC3
A5 pdEH, R 7 700 2R 7 1 B
N =N
3.2 BIE{R#H/RNAFERASFEM

TE YR AL X 75 15 W PR HE N L IR PR DA R R
A EE R 0 o AR $A TE RS e, {H R HE BT 4 ke 1)
TPV 728 1 R R, TR A R M 1 25
Bl QR TR, RS N IRARRLE, 13
5 W PR A P 78 35 VT IELAT PR, 34 T W PR VR A
BHTRAE W ERER A AE Y, BRAL I M P SR AR 3R
B 3995 7 A 75 2K (1 B VPOZAR N VPARIVP2, 58 ik
973 B R T B X IR R G R, T R A 0 B R 11
150SHi 2R+, bk, AL ALPV IR G 5 1) 4
b, M A R K E VPO, 5 ILVPAFIVP2, 41 iR/
(10975 5 AR T B, AL E Dy F R 0 1) 71
REL W [ Mk 25 Tl A PN i 10 i o A P9 5547, 97NRINA
I B (1 AT AR SR AL T 35 B S ()2

2 L 2R PP A G O FE R TR AR, SR R AR
A5 1 AE 2L A 1 41 o B i (autophagosome-mediated
exit without lysis, AWOL) NPV HICVEE Jif 18 5 5 &
LT RO AM . PVl MR, SR A
P RLC3SS MR BN RGN, 5 W A X0 )= 2 7 25 1)
FEPVUL (5] I Tl A 5 4 o 8% 1) 5 D ol 2 2
R TR AL AWOLRE JBUE 1%, 145 PV LE 4H i 2R A 1T sk
REREBM H® . ChenZEPMH B 5L 45 R K W, PV,
CVB3 LA S HRV-245 7 38 3 75 (0 455 SR IR G 40 g 1)
B DAL 3 B RS T IR A A L A BRI 22 &
Ii% (phosphatidylserine, PS)1j i 75 52 14 (1) 45 & 1F H,
PS5 1 48 J BE AR K v B 75 KL 5~ I AWOL,
& S PSIF E WA B2 1 i iE i 7 L R R R T
A R GRCE . X RIS UK FMDV i G
I, E KR R T 1 2 H AR A, B 1LV B
B A, i BE e H M@ AR B ). R A AT AR
JEY, BRI, B WA EE O R R G S RETI,
21 0 ZR A AN PR BT O B RL T O P — 3 42, A
P B R TBOH L 2 K

4 GEESRE

/NRNAJH B BG4I v, HEEES 540
R G ), NS5 RS . A
7RIS B WA, FWRE R 5 S
TEA, /NRNAJ 28 H2 4L & ) 1§ 22 I 3AFIAWOLE:
JBOE A%, WG58 /NRNATE 5 (1) & 4 AR 5 & 3R 7
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5 2, NRNAJRE # A ] B IR 1Rt — 0 R g
i SE A, O A 8 S R . (B H R OR
R 2 9 B e AT ) 253 TRk e A PR M) 1) 5% 2R 1)
A, LA, B REIE g NRNASE 385 5 1 S EH
R SHLEEAERE. HAT, HWRAETLRs, IFN
AMMHCEE % ZR 5097 35 2808 F B0 4 I 1 Ak 3 38 it
FURr B, ANFIRN R B B G 3 B R, BRI
PO RN LA Rt — 2P . BEE IO
N, ANFEIZNRNAT BRI, B S5 U0 3L
JS2 FRATL A4 S A, o0 SR AL A5 25 A TR AR
PO BE G LA R R G BE AL S5 05 T R AT K
o BT R RAT RS R, BT LA A [F e 1R
BET E MR A I RN, B WA R R i
HIE R4 5 45 RANIR], 4 Ja i TC ) N 1% 2 i
HrASF/NRNAJR BRI G 5 B WO B TR) 23 [R) 4%
9% 2R, 1 B AR T /D RNAJH 35 B 0 73 5Bl
i, J9/NRNAJK B 7 BB v AR 558 24 T A 4
B B

Sk (References)

1 Asnani M, Kumar P, Hellen CU. Widespread distribution
and structural diversity of Type IV IRESs in members of
Picornaviridae. Virology 2015; 478: 61-74.

2 Zhou JH, Gao ZL, Zhang J, Ding YZ, Stipkovits L, Szathmary S,
et al. The analysis of codon bias of foot-and-mouth disease virus
and adaptation of this virus to the hosts. Infect Genel Evol 2013;
14: 105-10.

3 Wu TT, Li WM, Yao YM. Interactions between autophagy and
inhibitory cytokines. Int J Biol Sci 2016; 12(7): 884-97.

4 Berryman S, Brooks E, Burman A, Hawes P, Roberts R, Netherton
C, et al. Foot-and-Mouth disease virus induces autophagosomes
during cell entry via a class III phosphatidylinositol 3-kinase-
independent pathway. J Virol 2012; 86(23): 12940-53.

5 Wu H, Zhai X, Chen Y, Wang R, Lin L, Chen S, et al. Protein
2B of coxsackievirus B3 induces autophagy relying on its
transmembrane hydrophobic sequences. Viruses 2016; 8(5): 131.

6 Fu Y, Xu W, Chen D, Feng C, Zhang L, Wang X, et al.
Enterovirus 71 induces autophagy by regulating has-miR-30a
expression to promote viral replication. Antiviral Res 2015; 124:
43-53.

7 Zhang Y, Li Z, Ge X, Guo X, Yang H. Autophagy promotes
the replication of encephalomyocarditis virus in host cells.
Autophagy 2011; 7(6): 613-28.

8 Sun Y, Yu S, Ding N, Meng C, Meng S, Zhang S, et al.
Autophagy benefits the replication of new castle disease virus in
chicken cells and tissues. J Virol 2014; 88(1): 525-37.

9 Li C, Fu X, Lin Q, Liu L, Liang H, Huang Z, et al. Autophagy
promoted infectious kidney and spleen necrosis virus replication
and decreased infectious virus yields in CPB cell line. Fish
Shellfish Immunol 2017; 60: 25-32.

11

12

13

14

15

17

18

19

20

21

22

23

24

25

26

27

Taylor MP, Kirkegaard K. Modification of cellular autophagy
protein LC3 by poliovirus. J Virol 2007; 81(22): 12543-53.

Shi X, Chen Z, Tang S, Wu F, Xiong S, Dong C. Coxsackievirus
B3 infection induces autophagic flux, and autophagosomes are
critical for efficient viral replication. Arch Virol 2016; 161(8):
2197-205.

Lai J, Sam IC, Verlhac P, Baguet J, Eskelinen EL, Faure M, et
al. 2BC non-structural protein of enterovirus A71 interacts with
SNARE proteins to trigger autolysosome formation. Viruses
2017; 9(7): 169.

Huang SC, Chang CL, Wang PS, Tsai Y, Liu HS. Enterovirus 71-
induced autophagy detected in vitro and in vivo promotes viral
replication. J Med Virol 2009; 81(7): 1241-52.

Yoon SY, Ha YE, Choi JE, Ahn J, Lee H, Kweon H, et al.
Coxsackievirus B4 uses autophagy for replication after calpain
activation in rat primary neurons. J Virol 2008; 82(23): 11976-8.
Hou L, Ge X, Xin L, Zhou L, Guo X, Yang H. Nonstructural
proteins 2C and 3D are involved in autophagy as induced by the
encephalomyocarditis virus. Virol J 2014; 11: 156.

Ao D, Guo HC, Sun SQ, Sun DH, Fung TS, Wei YQ, et al.
Viroporinactivity of the foot-and-mouth disease virus non-
structural 2B protein. PLoS One 2014; 10(5): ¢0125828.

Klein KA, Jackson WT. Human rhinovirus 2 induces the
autophagic pathway and replicates more efficiently in autophagic
cells. J Virol 2011; 85(18): 9651-4.

Oh JE, Lee HK. Pattern recognition receptors and autophagy.
Front Immunol 2014; 5: 300.

Sun J, Desai MM, Soong L, Ou JJ. IFN-a/p and autophagy.
Autophagy 2011; 7(11): 1394-6.

Romao S, Gasser N, Becker AC, Guhl B, Bajagic M, Vanoaico
D, et al. Autophagy proteins stabilize pathogen-containing
phagosomes for prolonged MHC II antigen processing. J Cell
Biol 2013; 203(5): 757-66.

Bengs S, Marttila J, Susi P,Ilonen J. Elicitation of T cell responses
by structural and non-structural proteins of coxsackievirus B4. J
General Virol 2015; 96(2): 322-30.

Into T, Inomata M, Takayama E, Takigawa T. Autophagy in
regulation of Toll-like receptor signaling. Cell Signal 2012;
24(6): 1150-62.

Oshiumi H, Okamoto M, Fujii K, Kawanishi T, Matsumoto M,
Koike S, ef al. The TLR3/TICAM-1 pathway is mandatory for
innate immune responses to poliovirus infection. J Immunol
2011; 187(10): 5320-7.

Fan X, Han S, Yan D, Gao Y, Wei Y, Liu X, et al. Foot-and-
mouth disease virus infection suppresses autophagy and NF-kB
antiviral responses via degradation of ATG5-ATG12 by 3Cpro.
Cell Death Dis 2017; 8(1): e2561.

Zhou D, Kang KH, Spector SA. Production of interferon
o by human immunodeficiency virus type 1 in human
plasmacytoiddendritic cells is dependent on induction of
autophagy. J Infect Dis 2012; 205(8): 1258-67.

Zhu W, Xu J, Jiang C, Wang B, Geng M, Wu X, et al. Pristane
induces autophagy in macrophages, promoting a STAT1-IRF1-
TLR3 pathway and arthritis. Clin Immunol 2017; 175: 56-68.

Li W, Zhu Z, Cao W, Yang F, Zhang X, Li D, et al. Esterase D
enhances type I interferon signal transduction to suppress foot-
and-mouth disease virus replication. Mol Immunol 2016; 75:
112-21.



I

M5 ERTE/NRNAYR B Ge  FE H

1625

28

29

30

31

32

33

34

35

36

37

38

39

Shi J, Wong J, Piesik P, Fung G, Zhang J, Jagdeo J, et al.
Cleavage of sequestosome 1/p62 by an enteroviral protease
results in disrupted selective autophagy and impaired NFxB
signaling. Autophagy 2013; 9(10): 1591-630.

Lind K, Richardson SJ, Leete P, Morgan NG, Korsgren O,
FlodstromtullbergM. Induction of an antiviral state and attenuated
coxsackievirus replication in type III interferon-treated primary
human pancreatic islets. J Virol 2013; 87(13): 7646-54.

Yi L, He Y, Chen Y, Kung HF, He ML. Potent inhibition of
human enterovirus 71 replication by type I interferon subtypes.
Antivir Ther 2011; 16(1): 51-8.

Kemball CC, Harkins S, Whitmire JK, Flynn CT, Feuer R,
Whitton JL. Coxsackievirus B3 inhibits antigen presentation in
vivo, exerting a profound and selective effect on the MHC class |
pathway. PLoS Pathog 2009; 5(10): e1000618.

Loi M, Gannagé M, Miinz C. ATGs help MHC class II, but
inhibit MHC class I antigen presentation. Autophagy 2016;
12(9): 1681-2.

Romao S, Miinz C. LC3-associated phagocytosis. Autophagy
2014; 10(3): 526-8.

Gannage M, Miinz C. MHC presentation via autophagy and how
viruses escape from it. Semin Immunopathol 2010; 32(4): 373-
81.

Ashton MP, Eugster A, Walther D, Dachling N, Riethausen S,
Kuehn D, et al. Incomplete immune response to coxsackie B
viruses associates with early autoimmunity against insulin. Sci
Rep 2016; 6: 32899.

Deitz SB, Dodd D A, Cooper S, Parham P, Kirkegaard K. MHC
I-dependent antigen presentation is inhibited by poliovirus
protein 3A. Proc Natl Acad Sci USA 2000; 97(25): 13790-5.

Liu E, Grol JV, Subauste CS. Atg5 but not Atg7 in dendritic
cells enhances IL-2 and IFN-y production by Toxoplasma gondii
-reactive CD4", T cells. Microbes Infect 2015; 17(4): 275-84.
Tan S, Tan X, Sun X, Lu G, Chen CC, Yan J, ef al. VP2
dominated CD4" T cell responses against enterovirus 71 and
cross-reactivity against coxsackievirus A16 and polioviruses in a
healthy population. J Immunol 2013; 191(4): 1637-47.

Guzman E, Taylor G, Charleston B, Skinner MA, Ellis SA. An
MHC-restricted CD8" T-cell response is induced in cattle by foot-

40

41

42

43

44

45

46

47

48

49

50

and-mouth disease virus (FMDV) infection and also following
vaccination with inactivated FMDV. J Gen Virol 2008; 89(3):
667-75.

Lai JK, Sam IC, Chan YF. The autophagic machinery in
enterovirus infection. Viruses 2016; 8(2): pii: E32.

Robinson SM, Tsueng G, Sin J, Mangale V, Rahawi S,
Mclntyre LL, et al. Coxsackievirus B exits the host cell in shed
microvesicles displaying autophagosomal markers. PLoS Pathog
2014; 10(4): €1004045.

Richards AL, Jackson WT. Intracellular vesicle acidification
promotes maturation of infectious poliovirus particles. PLoS
Pathog 2012; 8(11): e1003046.

Bird SW, Maynard ND, Covert MW, Kirkegaard K. Nonlytic
viral spread enhanced by autophagy components. Proc Natl Acad
Scie USA 2014; 111(36): 13081-6.

Conway KL, Kuballa P, Khor B, Zhang M, Shi HN, Virgin HW,
et al. ATGS5 regulates plasma cell differentiation. Autophagy
2013; 9(4): 528-37.

Shi J. Disruption of selective autophagy in coxsackievirus B3
infection. University of British Columbia, 2015.

Mauthe M, Langereis M, Jung J, Zhou X, Jones A, Omta W, et
al. An siRNA screen for ATG protein depletion reveals the extent
of the unconventional functions of the autophagy proteome in
virus replication. J Cell Biol 2016; 214(5): 619-35.

Alirezaei M, Flynn CT, Wood MR, harkins S, Whitton JL.
Coxsackievirus can exploit LC3 in both autophagy-dependent
and —independent manners in vivo. Autophagy 2015; 11(8): 1389-
407.

O’Donnell V, Pacheco J M, Larocco M, Burrage T, Jackson W,
Rodriguez L, et al. Foot-and-mouth disease virus utilizes an
autophagic pathway during viral replication. Virology 2011;
410(1): 142-50.

Richards AL, Jackson WT. That which does not degrade you
makes you stronger: Infectivity of poliovirus depends on vesicle
acidification. Autophagy 2013; 9(5): 806-7.

Chen YH, Du WL, Hagemeijer M, Takvorian PM, Pau C, Cali
A, et al. Phosphatidylserine vesicles enable efficient en bloc
transmission of enteroviruses. Cell 2015; 160(4): 619-30.



