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Hepatitis E Virus Inhibits Activation of Signaling Molecules Involved in Induction of Type | Interferon
Jinjong Myoung*
Korea Zoonosis Research Institute, Chonbuk National University, Iksan 54531, Republic of Korea

Hepatitis E virus (HEV) infection accounts for 20 million annual infections worldwide. HEV can be fatal in
approximately 20-30% of pregnant women. HEV infections are normally self-limiting and mostly asymp-
tomatic. However, in patients with insufficient immunity, such as acquired immunodeficiency syndrome
patients, chronic and often fatal infections may ensue. Therefore, it is likely that host immune responses,
especially interferon responses, play a critical role in HEV infection control. Here, we report that an HEV-
encoded non-structural protein down-regulates type I interferon response. In addition, some other immune
genes involved in the induction of type I interferon may be regulated as well. Detailed molecular mecha-

nisms are currently being studied.
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E& 7ol 3 A(Hepatitis E virus, HEV)= 72007}
o @71= FAE ©d P4 7he RNA vhol2o]u,
Hepeviridae ¥}of| £3tth(1, 2]. HEV {484 = & 7719 H|
T A 2709 72 G A& encodingdtal Gtk H]
Fzehilz L Jiie S EE 1 (open reading frame 1)o] A
S o)X 1w o] ZFoll= methyltransferase (MeT), Y-domain,
papain-like cysteine protease (PCP &2 PLP), hypervariable
region (HVR), X-domain, RNA helicase, RNA-dependent
RNA polymerase (RdRp) So| Z3tgch 1z dhilg e =
Z£57} 9J2, ORF2 ¥ ORF39)4 THEo0jdth HEVE &
A7HA 7712 724 (genotypes, GT)o] HilE o} 1, o]
Zoll 4 /9] SR Al AAT S U= Ao o
A AH3]. GT13} GT2= Aol AR - E sk, GT39}
GT4+= At =7, AbE 2 REjA] 5 FENAE ZEst
L2 -3 e A EAR ERETH4].
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Hpo| 2| A7 RSt &3 NZs ol flste thdt
AZHG EAE 2HsHA ==, o] FollA 7P |A &
& H&= Ao A 18 A HE (type I interferon)o|TH5-8].
AZzA2 Y vto] 29 RNA fHAE AA5H= A
2 retinoic acid-inducible gene I (RIG-I), melanoma
differentiation-associated protein 5 (MDA5) ¥ Toll-like
receptors (TLRs)7} €2 A 3t} RIG-I= v & %3l Zo)
& 52¢H(blunt) RNAE Q1A|8l=1], ©] RNAY] £ Al 7]
Q4to] AgHE o] glojof IA7} 7hEsttH9, 10]. ¥
MDA5= ol | s}eh3 =74 9] Agte] §liL ¥l 71 RNA
£ dASH= AR g8A ot RIG-I9F MDA57E HQ)gt
Hpo] 2] A 9] RNAE QIA|stH &A%} a1, &3} | RIG-
19} MDAGE m|EZE o} FHoj|A] mitochondrial antiviral-
signaling protein (MAVS)E &A3}stch[11, 12]. 43tH
MAVSE thA] 3199 I kappa B kinase epsilon (IKKe)/
TANK-binding kinase 1 (TBK1)Z &43}stct. &A3te o]
= @2 A Yo vZAAAHE EA8t= interferon

regulatory factor 3 IRF3)& Q43S § = 3tcH[13-15].

Q14HetE TRF3& oAl (dimer)E A48k 8 QtO= o]

F5t A 13 A2 HES S ddE <l

ElH 22 WAT Al & o] AlZoA thekdt dEHE

& = ohl A (interferon-stimulated genes, ISGs)2] W&



FETOEHN vpo| YA FAE ARG}, whetba] HA4
Hpo|ZHAEL o] RAFY st T2 & oL AT
A AEE T4 AE 5o CF 7Hgutolg| a7t wdst
ol Fof A vzl A NS3/4A%}F 5AE 74 &
2 AP PR A 13 AHHEY FEE JAGH= A
° 2 g glrH16-23].

gt o HEVZE JIE | && Asfste 71342 g8
A9 Qith3, 4]. HY5o] &3 3o FAT

A
o
EE4 AES doslu grre 49 4l ¢
[e]

Aol st Aol W FEE A= = AL[24, 25],
E3] QAR AT A AFTEC] 20-30%9] o] 2= A
o2 d¥A Qitt webi HEVY F4& Alojgte] 3l |
A9 o] E AR A & 4 Yok & AL 9]
A Aol HEVZE ZaAdE AlZofA A 18 AEHEY =
2HE 40| 24 FaFs Hith o] HEVY 2
T2 v F sy 52 I oj4te dmdo] A 1
3 UHHEY FEE A guetth3, 26, 27). TUIE
A = methyltransferase”’} RIG-I¢| ¢]3t Qg H 2 ¢dS
AAstE Ae SHsA. o] FF-ollA PCPE= RIG-I &4
Sho o3 A EHE L FEE A= Aer 2
o| AL oM thE ALAY AtofA PCPo| 3f RIG-I
9] &-4-H| 7 € 3H(de-ubiquitination)7} A3l L wz}A
RIG-1¢] 844317} Asl == 2ot YA 3rh28-30]. E3F
2 A7AL $&A) A PCPe &Jsto] MDA5 94 A
13 JHHE2Y Fdo] A S Eitd(E=aE FL 3. o
2tx] PCP7L Al 13 A€ E Hd S43}ol| F83 MDA
¢} RIG-IE YA|t= Ao g KHeltl a3y MDA5%} RIG-
I 8743} b5 TA1Q MAVSY &43t= B3] &2l 57
AU E=E T F). B3 vholgA 4ES 2 (mimic)st
= A 18 JdHHE F=A2 polyinosinic-polycytidylic
acid (polyl:C) A 2|e] &Jgt AZ Y AZHES PCP7} 9A|
T 5 YUEAE B

b 2 A3 H L HEV @l dof 93} poly(l:C) 2J&
A A 13 AEHE 43 A o1 E EXs. SrE
A% PCP7} poly(I:C)oll &Jste] B/ 3tel«= Al 17 <A E
2 2Es FYvstA dATS BEst ot E3 RIG-19
poly@:C)E & A3t B fo& PCPE= =Y &4 A
22 B3k 5 ofy 2k MAVSE} poly(1:C)7F &4 A
H ZA$o % PCP 5= o&4 A7l H&E= AR B
o, PCP7} Al W ot A3 E4S Aoz A
3 st= AR Y. o] A= FF HEVY| &ty
ol ol 2 A A kel 7] 2ZQ ARE AT Aow

7|t
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EETET

A doF R Ao
Human embryonic kidney 293 T (HEK293T) A|Z+= &
AM|3Z21 HEK293 A|3£9]| Simian virus 40 (SV40)9] large T
FEE A H o2 WS A Eol, SV40 ZERE S X
WS Bepanmel AE ) 222 SEste YAEY
(transfection)®] ZE&S £9 &t} HEK293T AT =
American Type Culture Collection (ATCC)| A T+ 34
t}. HEK293T A £+ Dulbecco’s Modified Eagle Medium
(DMEM)®]| 10% FBS (Gibco, USA)S} 1% FY A /AEH
Ento]4l (Gibeo, USAYE H7Fste] wHE vl Fuf R ol A F-A]
3LglTh4, 31-33]. Al ZL 5% CO7t ZFEE A4 37C
o A v F3tATH16, 34-36]. Poly(I:C)= LA+ RNA(high
molecular weight poly(I:C))E invivogeno| A L¢3} A}
23519021, transfection reagent-poly(I:C) E3A| = A H
o o], W2 A2 ghol AZ Hrlel] A9 A2l ehAct.
Anti-Flag &A= Sigma-Aldrich (USA)o|A ¢34, 1
2] 9] 34| (anti-mouse IgG-HRP, anti-GAPDH IgG, HA-
ubiquitin)E-2 Cell Signaling (USA)oA 43t

Ezl2u|= AZ 9 A F9] (transfection)

MDAS5, MAVS % RIG-IE dsts Setan| B S
St 4R ESRRE AFUdTH HEVY 2 A0S ¥
Fl= ZAn) =9} IFN-f-luciferase ¥ P-galactosidase
HE SHAH|EEL o] d Ao A AREE Aol A H
B oE =il 7lsH T3] FRASE st AHE
AJ2FL polyethylenimme (PEI)©]™, Sigma-Aldricho|A] -
Ql3te] AlgalATh FAAES 2%t DNAPEL 34 A4
2 F2o]A 30 min X35} 2m, o] ©ff DNAPEIL H&2
1:29 tH4, 37, 38]. HEK293T AL &3¢ 24 h A9
6-well plated] 8 x 105/welld] S =2 BEZ3}¢th & 2AZF9)
ol gt AxEo] "rl oF 70% o BE A4
TYT 20 A AT A E DNAPEL 534+
2 mle] o} w77} o] Q= 6-well plateo] T &4 A
Wl 2o Ak FAEUYS $FF F 24 h A F 3
AF &L 60% ol4ol Tt

ey g 2 A

il 2] o] ¥FE & sodium dodecyl sulfate-polyacrilamide
gel electrophoresis (SDS-PAGE) &4 1} Western blotting
M o835t &4 8 HTH39, 40]. Al &3l (lysis)= cell
lysis bufferg ©]&33ich A&z 459 AT &, &
g o] 29 Pierce™ BSA Protein Assay Kit (Thermo
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Scientific, USA)S o] &-5e] A astelet. Eope] v
<2 10% SDS-PAGEQ| A £8]3}4] nitrocellulose membrane®]|
Agsto] Western blotting A3ttt Anti-Flag 34=
1:5000, anti-mouse IgG A= 1:2000, anti-GAPDH &4
£ 11100002 Z+7}F 3|43te] AL-g-3H4 Tt

FA|HElolA] 84484

HEK293T A ZX 6-well plated] 8x 10%welld] S L2
Zohich £ F 24 hol AW 5 1Y) A EAE vho}
o] t}ordt DNAE WAl RAFUSIATT. 3L 58
2395to] 50% o4 1) SAITI ol T BHS AN
stk BAEY F 24 b ol ol AASL, AE 2
%8 W (reporter lysis 5X buffer, Promega, USA)E
31 AZE AT A2 52 47T, 13,000 xgo A
5min U4 Helstol AAST AU ol §tel AT}
obA| o] E4de EAEATH 4% fIeiA & luciferase assay
system (Promega, USAYE AR5 T ¥4 (luminescence)
252 Glomax (Promega, USA)E o] &3lo] EA5141, Z+
7+ o] ¥ 3h-2 B-galactosidase A =E SAsto] HA st
il

T

o, = O flo my Mz

$AY
ATy gjxie g
Student’s -testS 0] &35}

sheirh.
Aot W 3

HEV @iz o] W 9 RIG-1 €4 A3 9 d Uz

Flag tago] £¢] &= HEV & A& gAFoz utg
3} 24 h o] % of HE S-S SDS-PAGE-Western blotting>
2 245199 ch(Fig. 1A). HVR @ ORF37} 7Hd =2 ofo
953, MeT, PCP, helicase ¥ RdRp7} H| % 52 &
=2 9EEHAY. Zu22 AL ORF2+ Tago] Rore
U A 13 AEHEY HAS 2T tH] 50% F= JAst
% oH(Fig. 1B). RIG-ITF H&3 S = A stA] g2 o
2o Hlsto] IFN-f 28 &= J=& 5-6uo] TH AT
(Fig. 1B, & ¥4 €), poly(:C) 500 ng/mlZ X 2|3}HLS o
+ 508) o] F7tst it weEbA RIGI F-34H¢) Ed 1
poly@:C) A= A2 o84S 4oyl Ao AlRH
t}. 23 Methyltransferase, PLP (22 PCP) ¥ ORF2
£ I/ E5t9S = IFN-fY] vt § =71 dA3HA 7
a8tglon, o] & PCPY a7t 7H 2 AL g HAlt
(~60% A3; Fig. 1B). ©atA], PCP= o] A oA £
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Fig. 1. HEV proteins inhibits RIG-I-mediated induction of
type | interferon. (A) Plasmids, encoding each HEV gene, were
transfected into HEK293T cells. At 24 h post-transfection, protein
expression was evaluated by SDS-PAGE analysis followed by
Western blotting. (B) HEK293T cells were co-transfected with IFN-
f-luc, B-galactosidase, and RIG-l-expressing plasmids with sub-
sequent treatment with 500 ng/ml poly(l:C) for 24 h. Luciferase
activity of each sample was evaluated and plotted.
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Fig. 2. HEV PCP inhibits RIG-I-mediated activation of type I
interferon in a dose-responsive manner. HEK293T cells were
co-transfected with IFN-B-luc, P-galactosidase, and RIG-I-
expressing plasmids as well as with an increasing amount of PCP-
expressing construct (0, 0.5, 1, 2 ug). At 6 h post-transfection,
poly(l:C) was treated at 500 ng/ml for 18 h. Cells were harvested
for luciferase reporter assay.

PCPo] 9]t RIG-19] 5 2]&A] 3]

RIG-I®} poly(I:C)ol| <3t IFN-pe] BHd 9= & PCP7} &
zozH o2 AAst=A £4317] H5t4 0, 05, 1, 2 ug
o] PCP 4 ZetAn| =g AH2atglS o (Fig. 2), PCPY] &
doFol uket A 18 JEHHE Fdo] FHH o2 AA H=
AL BA3FAL} o] AL PCP7} RIG-I9| 28t AZy A&
AdE 5335018 02 JA sttt A& A At oA
Aol A PCP7} RIG-19] &R AREE Adl|ste] RIG-I
o] 438 JAIste AR LA QIoH28-30]. FF A
Tl A PCPe ojgt &fu] F el ste] Woot tjAh-S vhelch
W PCPY 2§ 7|H S Bt AdH o= o|afd = 1S A
olgtil AtrH T}

PCP]| 2J3t MAVS?| X 2ol&A A3

A Z2 oA Bl vet o], 43t RIG-I= [ EE =
obo] 9ulol ZA 5= MAVSE E415to] 2% (aggregation)
< o2 Y AsAGS SAsstei(1l, 12]. wat
A PCP| ¢]sto] RIG-I7F JAETHA 819 AsAdAE &3
2l MAVSe] 93t A5 Ak dAE 7tsAo] &t oA
< ZUs7] fste] MAVSE Edsh= DNAS Ao dg
313, Tt 5= PCPE §74 d4 FY3HATHO, 0.5, 1,
2, 3 ug; Fig. 3). PCPE 2 F=& YASIHUS o 94
A HAAE FRIT £ glolou, =7 ot what 79
ok AA1E SRl = YUTh(Fig. 3). THIEAE MAVS &
o] F2 PCP7} 2 A== HdE wo= 7hAshR] o
S th(Fig. 3; low panels). ©] 22 PCPol| 2|3t MAVSS]
A7F uld YA o] dof A dojdris AL AT
I Am " PCPe &Jste] MAVSE] 7|50 A== 17
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Fig. 3. HEV PCP inhibits MAVS-mediated activation of type |
interferon in a dose-responsive manner. HEK293T cells were
co-transfected with IFN-B-luc, B-galactosidase, and RIG-I-
expressing plasmids as well as with an increasing amount of
MAVS-expressing construct (0, 0.5, 1, 2, and 3 ug). At 24 h post-
transfection, cells were subjected to luciferase reporter assay
(top panels). In the same samples, expression of MAVS, PCP and
GAPDH was determined by SDS-PAGE analysis followed by West-
ern blotting (bottom panels).

o] RIG-19] ool A BEzo] E#u|F™ Ao 2t AUA|

2 U8 AL F PCPY FAA B 7|2 vl
Y 588 2 Ao Ardh

3 7rgutola sk AAAROR ujy 28w o 7]
e Aoz AeiA itk FRE AL AR
2 A Holetl, F8 20-30%9 AFYES B
Aot Welko] i Al AL BF 7Hdut
AEE Aok B4 glo] A A HAW, Wl
we ool =gt TR AL AL do 4
glom] o] ol 27 & & vt uebd, BF 7t
g0] 2400 Meweo] Fayo] Bov,
WE v 34 o3 ¥ Aoz ArAT =
o B ol g2 LR e obA7t RIGT 927 A
AN E WSS FoulstA AASE AL BERGS. E
3 hol 8|4 L2 EobA| 7} RIG-19) 3h9] ABAY £A19]
shitel MAVSY A E SE o2HoR A Ao
2Asheh BY zrutol g 2o ofd A 1% A HE o
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