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Research on the immune system in uninfected cells that defines the immune
response during viral infection
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Interferons (IFNs) are the main cytokines for the innate immune response
against viral infection. It is known that IFNs are constitutively induced at very low levels in the
absence of viral infection. These constitutively induced IFNs and their signals are essential for
the rapid and robust induction of IFN induction after viral infection and for the suppression of
carcinogenesis. However, the mechanism of this constitutive IFN induction and its regulation remains

unclear. In this study, we found that the constitutive IFNs are induced through an intracellular
RNA sensor-dependent recognition of endogenous RNAs and the downstream signaling pathway.
Furthermore, we found several regulatory factors that regulate cytosolic nucleic acid-mediated
innate immune responses. These results identified a novel regulatory mechanism that controls
constitutively induced IFNs, which may provide a novel prophylactic target for viral control and
suppression of carcinogenesis.
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1. HRBEBLTIOER

TINETHIRARREB DL, VANV ARG T DG BH AT LAORFEEHEEL, 7 AV AREY
RRICFEESND [ BB KO T % —7 = U (IFN: interferon) D BLEHEE 02 O Hil 1A% 12 B3
THMEEAIT > CEZ. TNETHA L TN POV AR E D RNA TA VARG BT, 20D
{2 N% B N8G9 AHIIE RNA &3 —%43+ RIG-I (retinoic acid—inducible gene-1) %, 1EIZ
HE B IR+ ZAPS Z[FE L7=(Nat Immunol 12:37-44 2011). F£7= B BT A /L AKYLZ B
T, RIG-T (X HBV H3£? RNA 28§52 THI AL IPN 2358452 L0, UA/LARY AT —F
LA T DL TUANAERZNET 2 LD EERR PV A N AR LTI T D, L) 22D
BB Mo - AR EIN 1 Th DI L% A L7=(Immunity 42:123-32, 2015). SHIZN 7 h7 7y
REEDIZ I > TE R AINCTEMALE 7= AHR (aryl hydrocarbon receptor) 2 7 /V23, TIPARP
D EE L TIANAEGIIKTT 5 IFN INEZAICHIEL T\WasZe%& R L7Z (Nat Immunol
2016 17:687-94, 2016). — MBI AL AT DL NT T AV AEGLZ I TIE ML T 5 B8R
FEINENEETHHEZZ DN TWDEN, ZHLTFEERHT 55 C, Y% ITEE(LEns B
SRGIZ IS DML RN, JERYUIREEIZ BT AR OIREEN I ANV ARG IR EL AL
ZATHDOTIFRINEB Z DI o7 (F ). FEEE, VA NVREG L > CTREBICEAFES
% AL IEN 1, FEREGLIRIEIC B W THIER ITMEICEASIL TV D ZEDN LIV TNDN, ZOHE
BT PEEEID IEN LD T F T, TA N AR R EENS [FN PEAEIZMAT
HDHZER, MO B AALZNHT2DIZH G L TN DZEE AL TS (Nat Rev Mol Cell Biol
2:378-86, 2001). &HIZ, MEAKANCFEASNS IFN I3, MEREMIAOHER 22 L4 4 72 I CHE
THHZENREN = (Immunity 36:166-
74 2012). FIERE ~ T ATV TIIAE
FHY7R IEN EEAEDGROBIIRNZ LMD
A2 & DR H- DV RIBI I TODHH
(Immunity 36:166-74 2012), #fEL~L
TORERBN I ET R IPN FEARED LD

[ L ABHRAE |

IpAT) = AL THIBFFESNDDON, Fiz BABEYAIAE |
ZOFERERE IO WTII AR SN S EEREDEZEY AT LD
W RPEBDERBINSICHEEZITTWS,

2. HHEDHB

TANVAEGUZ I THZED IFN 1L, FERGUIRRRIZ IRV Th, FER ICMEIZEEASN TWD L
DHILIVTEY, ZOWRINIEAESND IFN EZDTTF UL, TAVAEGAZ T HES
N5 IPN FEAEICF G THZENAMDIL TS, fo TRYE ISR DA RBEIT, YRR E
IZEo THESNDEE 2 BID. AIFSETIE, ABFETHE, [1] #akEY72 IFN O EAFHE AL
S ALEZ DRI OUWT, [2] IR O E FIRRBIZ I D0 AT A&l 23 7
FINZDNTD 2 JWEFLIZ, EFAIREDRSE S AT LHE DL D S 2L
TWDDIHDWTHE 522 HAJE LT,

3. W%
FHN- AR, BN B HEK293T, BN A M IaEE A549, bR BEERME: F i 5 A fakk



THP-1, eEME®EBRHEZFE ML MRC-5 2 W TN 21T o7-. £7= Zinc Finger Nuclease
Crispr/Cas9 > A7 A(Science 339:819-23, 2013) |ZLDBIR AN A HL T, BRMmES
TFNDETR 7T MlRaE RN LTS BRI, RIG-T D& RNA U RTHD 57—
triphosphate RNA (3pRNA) (Z/%, WNIKME RNA (total RNA K> RNA #E&Z L 7R T 5
RNA) Z T, Lipofectamine 2000 {2 C{To72. FIVENLDOMIEAS, RNA ZHiH L, IFN-8 D
ERH) RT-PCR Z{To7=. WRHIA X —T7 20 OERIZIE, IFN-BDLY T =2F7—F¥ T vt
A, ELISA Z AWz, E-MIlAN DT 7 M RER B OfFHTIZIE, Western blot fi#fy, Sz,
ERE LT, R WA NIRTE RNA OFE#L1E, Total RNA I3 Isogen 2 V=, RNA &
HRINTHRERT D RNA ORI, RNA FEA 7 7 i i KR, 20 pellet &
RNA HHHURSSLL7=(RIP assay). RNA FEAZ L S271CfEE 75 RNA OJFEE, HITS-CLIP 1%
(high—throughput sequencing of RNA isolated by crosslinking immunoprecipitation)z gL 7=. £
72 RNA FR5RAR I 2 832 IR 700 R 1 IS I s 42 O O LU B T T 21 7

>7z.

4. IR
RS ED 7272 TEN OFEBLEHE 21T, RNA B —2F RIG-1 Z EICHIE 45K F ZAPS 2353

H42Z N TRRENZNat Immunol 12:37-44, 2011285, £ a2~ SRS
SIRNA Z 2 ZAPS D /o7 2T 24T, MERAIICFHEBLFFESND IFN- B8 mRNA ZE &Y
RT-PCR THIE L. ZO#ER, HEK293T i, A549 flifd, THP-1 A2V T ZAPS /w74
7 AZEY IFN- B mRNA 238 BITIK T UL72. E-e MEF#RHESEHINE T2 MRC-5 2 HV Th A
KEDH A 258072, 512, HEK293T @ ZAPS KO MEERIZIH T, KO I TR %
B EINS IFN- 8 mRNA 2ME 7228005, ZAPS DMERLAY72 IEN- B ORBUZBI 5L
HIENBZ B,

WU, HEREZHEBEAEED IFN- B I, MIlE RNA §EFIE CThDH RIG-T 27 /Lg%
NT2D0%, IFN-B DNV T 27— T oA IZEVRGELTZ. TDORER, Ththos 7
1GERAD /727230 IFN- B @ promoter JEMENEADTAZENRBHALII -7, FT-,
RIG-1, ZAPS, MAVS, TBK1 O BLUZLY IFN-B @ promoter {EMEN EH Lz, 512,
CRISPR/Cas9 ¥ AT AZE DR e Hiifia FIVT RIG-T V7 F R OTE ) ~ 7 70 Ml
JaZ R SL L C, HERRAIZ: IFN- B OFEBLE AT 2A, IRFLTWAZER R LZ. Zhb okt
ED, HERENCHEBIFFESND IFN- B 1% RIG-1 24195 RNA 8k B2 B 59~ 52 &MV RIe
STz,

DA NVARREGUZ BN TE, RIG-TIE, UA/LVAH KD RNA EFEAL, IFN 25 EGHE 5528030
HITWD. EZTH AL, RIG-T O RNA F5A &R IFN- B DR BRI 5-L Q) aoE
IMINTOVWTHRGEL72. RIG-1 @ RNA #5GHEIX C KN EZETHY, FOT 7T VREITIX
N RSN EE THDLZENMONTND. TZT, CRIFMHD A 8 FIFE B S CHERAYZR TFN-
B @ promoter IHEMEEHIELT=EZS, C RO HOBERFIFEBU L THIHISNTZ. £ C K
M DO—E ORI TIXZOIMFNTFRD SN2 -T2, EHIT RNA FEATEIROZ BAK T, #ERM
7¢ IFN- B @ promoter JEHEDINHI A EEE Th-7=. —JF57T, total RNA Z 7= pull down assay
282 C, RIG-T ORISR 70 a B " /37 Dl total RNA GG L7280, RIG-
[Z##5 8% endogenous RNA 2372 IFN- B DFEBFHEIZBI 5§ 2D TIdpV ine B 2 7.
EBICZOIERARRFET D201, T4 1E RIP assay & AV T RIG-T IZ#EE 35 RNA OF5HLA1T



VY, ZORERILT- RNA (RIGH #54 RNA) 2 W CHERRZ FIK L IFN- B O BLEEE 13 TTHE3 252
EIANTZ. ZORE R RIGH 2 2 <RI Bl 7 HEK293 T Ml ia VT, RIG-THS 4 RNA
THIEHT5HE IEN- B D promoter {HEMED EFHNFROLIZ. IHIZ RNase MERL7- RIG- #5&
RNA ZRHWCTHIIEL7=2%, IFN- 8 promoter {EMED FEITZRD LN/ h>o7=. — 7T total
RNA % FIWNTHIIBEL T IFN- B @ promoter IEMEDBEZE: EF-PBO LN -T2 L0, RIG-
[ 25 A3 % endogenous RNA 2372 IFN- B DR ELFHEICEE Th AL REB ST,
ZZ T, Fex X HITS-CLIP assay (24> C RIG-1 1A 95 endogenous RNA Z{RFR LT-. D
FEAE 1,966 s T-2MeEff RNA ELCRIES. B RNA 225, RNA OFEA I ENEE 25
A2 RPKMAED AT @S ONDIEIZHE %6 C, ARk )72 IFN BEAIZ B 532N R M RNA
ZDWTHRIT A AT 272, Fie— )7 THRLAVZELSI O FARIPE Z U 2170, WEPE RNA
DOHEYECHOWTHATZ. ZHBDOFENTE, —E0 neRNA < mRNA & @RI 45 Ak
72 IFEN- B DFEBDNHESNI-ZE05, ZIHDFEMIZ OV TIENT 26t TS (R Y ).

AATL T RIG-T 2403537 F VDRI TRN OFRBLFHEICR G352 EAVRIBSNDZ &N
5, & 1% RIG-T OTEMEZ I+ DR F DERR 21T o7, RIG-T1 &7 F /LR Tld CARD KA
(caspase activation and recruitment domain) 2% B 572 R E| 20> TNAZEND, Fe kX CARD R
A TG OZ L NRITENZDY T F A EHIEHL TWDHO TRV EE 2, BinCARD
isofrom2(BinCARD2)IZ# H L7z. BinCARD2 % /v /X7 3 %& RIG-1 2913 % H IRGIZISE )
P&z, S5 BInCARD2 (X RIG-T FIROT X 7 H—431ThDH MAVS EfE A58, RIG-
I & MAVS OFEAITIZBE 5. U728, MAVS OA VT ~—A{UIZBE 5952 LA s th ko 326k
OB ST, FI AN D NR T ANV AEGUZ L > THESILD [FEN- B R0 IL-6 DOFEEL
BinCARD2 % /w7 X AL TR F 952 EMRB BN eo72. 65T, BinCARD2 IX MAVS &
EAELAVT b2 ETH2E THARME RICE S 52 803k L7=(Biochem Biophys Res
Commun 511:287-93, 2019). BinCARD2 @ /7% 7 THE B[R ¥ IRF X° NF-k B DLAR —&—
TEPEAME T 22800, fERAO7R IEN ORBIFEICHR 53 228 RS i,

FI T a2 NTBFEMBD RIG-T 7 F VA RB7203T, IEN OFEFHEICME D HHEEF K T
DFBDMENZ LD, Z DGR 1D promoter FEIKZFH/2EZ5, DNA AFALENT
WHZEE L TEY, 20 DNA AFAKIZED B RGBS E OIK T2 BT D37 fidT 24T
o T (B Y ).

— 5T, AN RNA X° DNA iR RIS 1T T4 74— 4L LU THIBIV TS STING 1,
KEBRA AT LTz H ARSI IS B ICE 2 THDHA, STING DL EALDHIFI AT =K DT A43 (ViR
IS TRV, 22 THx 13, STING SR AR T 8HLA L "V BZRRL, 2o
7B Th% Hsp90 ZlalE L7z, Hsp90 BHFEA] 17-AAG THEESC, Hsp90 B & /v /X DT 5&,
STING MZL 37~ LTI L, cyclic GMP-AMP B K-> CREE NS IFN JRE IS
N7z, EHIZ HSV-1 BILO Listeria monocytogenes % A= AV AR EGRIZ L » CiHEX
% H RGBS I S 415 Z 8% B L 72(Cell Immunol 356:104188 2020).

AFFRNZ LT, FEREGLRED EFIRTEIZ I 1T DI D0IE > A7 A HI B &, &Y% D
SR DWW THITZ 2R AN DSBS 72 572, SARS-CoV-2 2N R iR TR 2 RO BIAE, D L9578
FIEL AT LOHIEHBER A TEH T2 2 & T, mxiRIZliib o T D REfREs 2 gl E ML
PHRANBY T2 L WO i/ 7 7 a—F A0,
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