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Abstract: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has led to
a global COVID-19 pandemic threatening human health and safety. However, it is urgent to
find effective therapeutic agents and targets in response to the emergence of novel variants.
Interferon-stimulated genes (ISGs), a class of genes upregulated by interferons (IFNs), play a
crucial role in host resistance against viral infection. Studies have demonstrated that ISGs are
able to target different stages of viral replication cycle to exert the effect against viral infection,
whereas SARS-CoV-2 has evolved strategies to interfere with or evade host innate immune
response. Comprehensively understanding the interactions between SARS-CoV-2 and ISGs is
critical for the design of antiviral therapeutics. This review aims to briefly introduce the
mechanisms of different ISGs against SARS-CoV-2, which provides ideas and theoretical basis
for the development of novel antiviral agents.

Keywords: interferon-stimulated genes; severe acute respiratory syndrome coronavirus 2; innate
immunity; antiviral mechanism; immune escape
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SARS-CoV-2 A4, Tl H SARS-CoV-2
YR E EE OB S P T RURIE , B 22
%2 25 [1fiff (transmembrane serine protease 2,
TMPRSS2). #HREE M (furin) . JBE 2R M 458
TR EE S HR T Bl B MR A 5
R, DI 27 B 3 D 2 E A 4T, 95
754 RNA (genomic RNA, gRNA)#EA 4 fifd
FJE, S B A 4E 45 4 & F (nonstructural
proteins, NSPs), 5¢ % & iil B -5 sk B 2 W)
(replicase-transcriptase complex, RTC)FJZH %% .
RTC LUiE#E gRNA AR HATRE S, T bk
RNA FUBY IESE RNA, B0 IESE gRNA 5t
fEE VLR ZH RNA (subgenomic RNA, sgRNA),
B N IESE sgRNA, ) fIPREs &N S,
fU B H (envelope, B). I H (membrane, M),
A 5% 75 H (nucleocapsid, N) LA K 4 Bh 23 195, &4
RS HER S, E Al M 78N 5 W -5 R A
H1[E] % (endoplasmic reticulum-Golgi intermediate
compartment, ERGIC)H 5 N 2 £ 2 i) 0% B¢
gRNA F8 2246 . g s b 38 i i o R JR A )
IRAERENI iz, R e e A R

2 ISGs HA%R

ISR ARG, 18 £ PRRs 2R I (4
DNA &% RNA, #EWEE T ipasg. Bl
RNA [0 # R T I A Z K (retinoic
acid-inducible gene I like receptors, RLRs)F %41
TR S IL N E AT (retinoic acid-inducible
gene I, RIG-I)FIE @A RIE 5 A CHE 5
(melanoma differentiation-associated gene 5,
MDAS5), RIG-I 8 MDAS #4765, S5
Sk 4R IR BT B 15 5 & [ (mitochondrial
antiviral signaling protein, MAVS), ¥ Ifij 15 fb.4% 5%
[AF#%[H ¥ xB (nuclear factor-kappa B, NF-kB)
M ENZ KT 3/7 (interferon responsive

factor 3, IRF3/7), {&fb/aiE A4HHfi% ) 8l IFNs
(it sk, BRI M A TFNs 25 S5t
20 L 3 TR R S 2 R S5 S, WOIE Janus
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Bl S ATE VR B R A, AT R B AR
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# 1 a (alpha-soluble NSF attachment protein,
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SEA FEM LR Y IR 1 RE 1% A
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SR B A AN
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(RS P2 A —FME R IR R, B 25-F255H
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3.2 ISGs ¥R EH|
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synthetase 1, OAS1) iR %] 3 B ¥ 45 & % 5
dsRNA, ¥#i% RNase L, Jfifiik RNase L A %0
il SARS-CoV-2*"1, RNase L J&:15 F 41
ZAETER R IR PO 5 s 20 47, WA SR S0
J&, i PIEGEE RNA . 55 IFN 4345 )7 =X
VRS A ) AR B 7 G >

VUK R )P TR 75 78 F (interferon-
induced protein with tetratricopeptide repeats,
IFIT)Z i 455 FbR B 5" =Bk EL 2"-0- R H
SLAR M AR RNA, LI 8 RNA & P72,
TENSHORIECT . KT R AR E & 2 A TR 2

#E F (spermatogenesis associated serine rich 2 like,
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SPATS2L)YEH RNA 255 2R I AR S5 4 A 5T Ak
WokiH, 5T RNA AT LIRS, LA R
A, WFFEEY], Z-DNA 254 H(Z-DNA
binding protein 1, ZBP1)ZE{ASMNEYE SARS-CoV-2 1
fErp A P HETE 4, ZBP1 g ZBP1-RIPKI-
RIPK3 #AE(5 S, {2k SARS-CoV-2 if5 TR AE
AR TR, BFSTEE, TFIT3., SPATS2L,
ZBP1 A[ AR SARS-CoV-2 RNA & filP!,
3.3 ISGs HNHIFERIF

BF -1 ¥ bR % 1 (programmed —1
ribosomal frameshifting, —1 PRF)J&—FF) 12 i
FHEBIFIC ML . SARS-CoV-2 25 ZFis 5%
A -1 PRF, SLBL[R]l—5 A BE A A &
P, P SRR L W s B 7 o TebbRos 25 1) X
FHIL ) G B A2 1) B SR S B JE A 1a/1b, Zimmer
B2 ] GFP/mCherry FRSUOGIRE RS, &
PUBEFE U B2 FE M (zine finger antiviral protein,
ZAP)EA e W B I IS SR

ISGs 7=4#) C190rf66 (X FK Shiftless)n] il
fI3%5 SARS-CoV-2 2557 mRNA fJ—1 PRE,
SFL 5# mRNA [J—1 PRF {5 S A HAEFFHA1ER
A i 5 | a2 kR
3.4 ISGs #fLER EREBR TR

W E BT 7E ERGIC 41354, WM
9 FR SRAT finh & P JBE I A DG 1 [ % (endoplasmic
reticulum-associated degradation, ERAD)Z )i ., ff
JE R B, ERAD Y5 ERLINTPYARLS 4 2 4
%Y ERAD i@ %) RETREG1 1 FNDC4 [H ¥,
W @ 30 SARS-CoV-2 & il i) J5 AR Bt , iX %W
5 ERAD i@ AR = I /EN SARS-CoV-2
SR A R BT 25 s )
NAPA, 1N SARS-CoV-2 42 il i) e 6 i 2 [
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SARS-CoV-2 HIRETH, I HAEMS P SARS-CoV-2
4 B8 M (open reading frame) ORF7a #5971,

B2, ISGs AJ#E[i] SARS-CoV-2 /=i il 1)
P [RI B BE A A RO S E (K 1), B,
KRN T ISGs [IBIFFEREA )T 5% i B s R
BEIT R BT S IR IT R

4 SARS-CoV-2 #i% ISGs B 1
¥ & 1E A

TERE EXPOREE AR R, BIRZ
ISGs AJ#E [ B AR BB B AN [F] B BUR F4E47T
R TE. AR, VF20F5ERD], SARS-CoVv-2
AR A Tk R IR A

E3 {2 Zi%EHiME TRIM25 /5 RIG-T (192E bk
R A T TG #1355 45 44 38 (caspase  activation and
recruitment domain, CARD)/J K63 iz %1k, & H
R R RIG-1 5% AL IFM0E T (5 5 g e
FHEMEP, SARS-CoV-2 N 2 FI#lL i) TRIM2S

SARS-CoV-2

NCOA7

ACE2 a-SANP

@ o7

CH25H
TRIM28

2. Transcription and replication

Qe -
L' a Y

1

1 ISGs il SARS-CoV-2 E I EHAE M R EE
Schematic representation of the ISGs target specific steps of the SARS-CoV-2 life cycle.

Figure 1

A1) RIG-T G Rl 1 5 K AR g BT,
SARS-CoV-2 M ZE 5 RIG-I. MAVS #l TANK
%541 1 (Tank binding kinase 1, TBK1)AH HAE
FH M 25 58 1 4 ) RIG-1/38 65 203 40 A A e i
5 (melanoma differentiation associated gene-5,
MDA-5){5 538 BEFEHT T BRI RN 195774, ik
MASPUIE FhUR R s, Mo as A 55 M0,
NSP3 FEE Xz £4E, Wz RFEEN
ISG15 ) K48 iz %4, il ISG15 % IRF3 AL
WL IS 1R, NSPs B IFN
3 [ OGP B RNA TR 321K RIG-1, H- 4 il RIG-T
5 B3 2 KRR TRIM2S 454, FRIKH: K63
wRM, Pl 1R IFN /974, S5 — 5Tl
PRSI T STAT1 () AWEREAR, HISS STATIL
A, WNTHH 1 % IFN 4549 JAK-STAT i
FEH BN Chen 458 K NSPS FEZ AN A1)
#] NEMO (NF-«B essential modulator)#lji il IFN-
FRM ) B SARS-CoV-2 SEHRAR S kit .

(] SARS-CoV-2 antiviral ISGs
¥ ¥ ¢ SARS-CoV-2 structural protein

3. Translation

@l‘l‘

gy

4. Assembly and release
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SARS-CoV-2 ) ORF6 Efi THALE LY
(nuclear pore complex, NPC), Ffifi i H: C uighithy
B E 5 Nup98-Rael M HAER, NUP98-RAEIL
HEYE IFN BRI ia 2650, XFass
R N S AR O E SRz, R
IRF3 I STAT1 M4 5 "+, 1t4h, ORF6 fy
FLRAS MSSR 23 Hl 55 ORF6 5 Nup98-Rael & &
YIZE4S, FFIHBREXT IFN {5 S B e sh
AE. MAVS JE KR (5 5l b B2 RNA
L IR BiL#y o ORISR S 32 i (translocase  of
mitochondrial outer membrane 70, TOM?70)/2
il MAVS P iR % 14 . Thorne %% B,
SARS-CoV-2 [f] ORF9b it 5 TOM70 #HHAE
FH 0 R AR G g o LA, B R AK 5 1Y) ORF9b
PP 232 2 . X ULH], ORF9b A7 %)
T = T A VR 92 DI R HE T AR B g8 AR G I R o
KW R AL ) ORF9b i K B JE Hb % BR 45 &
TOMT70, M7= A A4 B0 R AR S s s b - F1)
WaEE H B, HREE fE 3R R e 0
ORF9b #EIR AL I SC Mt BT LhAE, 18 3 MoK
BB 1) R IR 2 B0 -

HHi SARS-CoV-2 MK RERS 2GR iR
P14 T2 2 i DR o Y ok Ky e g 3kt i = 928 (97 )
R, MNTF 2R kD, B st
IFN M5 80 24 A Frif— e . Ak, B
X SARS-CoV-2 i i i AH M, LUK
HoAth A A 09A TAE S RIVE T, B RT7EAR R
JEE MR AE . TRt AR I TR 20 2 E AN
FAR BT T S5, DA A g s 5
S B . Ry i 1 7 0 ik 20 S s

5 ISGs ¥ 7] 8|

T LR HI3 R (stimulator of interferon
genes, STING)/ZX] T RIR T ys I & 28 S 2
ISG, BERR S 17 -AR 1 & BB (cyclic GMP-AMP
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synthasec, cGAS)-STING i F# & 1 I IFN ) & 1)
HEHWRI . CHZTURME, cGAS-
STING i@ %25 SARS-CoV-2 Ji&#s, STING i
B 7 Tk 4 J5 2K 5 K i (diamidobenzimidazole,
DIiABZI)il 1 30 1 & IFN S by A3 %50 B 1k
SARS-CoV-2 &Y™ k1] STING 76— & 4%
N AT BE R AR S IVEF . SARS-CoV-2 UL )5
RS g v 1) B2 R R UNTUE AT VI 5 €5 A LN
DNA 7 Mfi38 hRUR R 2RI DNA 1 %
1% cGAS-STING %, 0™ A RKER 1 #Y
IFN, 55 ZIA RAE W, T STING TEI 5 4
i S50 A H U FH o 2 IR 8 240 B R - S vz 4 3
BaRENR B, LR L L A5 A S B R 45 1)
WHFREM, SING /NprFHdl H-151 FEpiEe
SARS-CoV-2 J&& UL J& 1 114 6 33 9 B S 1 A i 35
it s g BE G T AN, e AT REVE A
—FAIT R, FEAR IR X SARS-CoV-2 HIA4T 5
IFITMs A] LAt Z #hojps 5 B A PUis 8 16
PED GRS, AMEFRIAR TFITM fE
FHIET SARS-CoV-2 JE&H . IFITM 1174 (1) Z BK AT
[ HUR T SARS-CoV-2 76 A4 . .0 L4
I TE 22 R AR RN ST SR,
5 TFITM S 47 it 248 it e 30U« SARS-CoV-2,
HAE ML IFITMs 5 SARS-CoV-2 S # 4
HAERFHE SRR RS AR A G, (Had 38 F N TR
P IFITM %E [17E SARS-CoV-2 JE&Herh BA M
A R 4 S R SR R, 3 AT R 5 2R 1 I 4 4 1
ShR . RSN ARTE A G, REiRiE, IFITM3
PR A AR AR T X SERHAE , ¥ TFITM3 MGeEAR
o 1 SR L 1) 1 3 R0 Ak A 3 A R 1Sk i B
ISGs Xf THLHLHE B B e 1hi T B2 W J) 41
I, WA 1SGs HmaHEERER, &k
FEHPUREDIRE, W/ E A B0,
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TERIRGEh, TFNs X0 5 e i 6
A, SARS-CoV-2 W v fiRfE F IFNs /5
AT B 28R S i H B 9 2 5 A% 4% . TFNs
T TV M PR IG YT SARS-CoV-2 FRAE A it ,
AR B A B I6 Y7 ORI B H 2 /K (Arbidol)
JE—FITREBUR RE 20, PR S 1 R A
It HBEWG 15 £ OAS Ak, MG DNA Al
RNA AP, A58 EW], IFN-a2b AR H
22 JRIRYT AT S 2 U e AR R o U
YLt (a], 3¢ HREREAS T IR P AR B 7 T A 4
ZERFME], BEAk, BRI 2R | IFN-02b 8§
A fdi FHBT HL 22K #1 IFN-02b VAT 1 R 3 295
BEIF BRAE X B 1] 43 310 27.9 21,1 F120.3 d™),
R, TFN-o2b FHFT LY 22 JR KA F 24 02 ek 2 2
i S S UE VS AR YT R . Zhou FF
X COVID-19 45 f5i] (14 2 S48 It e v e v v ke R
K 1SGs #ik?, R E R AL T 5REI
IFNs & i , ISGs [1) X i & 7 ¥ 1 v] gE 2
COVID-19 FEAE H il 5 B R BAT R A, 4%
M, 1R 2 G ek B BUG AR Tl & B T B s
SARS-CoV-2 # P, X F iz 8 1l RECL 40T
K TEERE IFNs REERRR . 25K
SARS-CoV-2 Z i 8 45 111 & &8 Ak i A [m] 1Y
oy bR ALE, SRS E A | BB E A g
M), 4 NSP3. NSP5. ORF6. ORF9b, M
N GE, B X S B AR (125, W T
B4 TFNs HKHT SARS-CoV-2 L il g —
ROEAE

IFNs 15 577 4= Z Fh 1SGs 2L ] & 5P im 21
M, Boafk %2, &al I, 51— I1SG 7lhE
ISR A PR EERCR , SARS-CoV-2 ik
MRS SR Tl R, A 3 ek 2 A LR o Ao
Beiy 1SG Sefik, [RxT ISGs SHAREHE IR Z K Y

WS, F A Bh I KB R S A R T B A ¥ 2y
Y1, AN TP R BRI T BT A 40U

g BE AR DR AL M B B AN B 4R R
SARS-CoV-2 FE[NZH [ IR BRI RAS , BT
HEAE A G T AR S FirE v 8O AR . T
R HEL A R EE AR . L AEHE, D
R A S N A LT G EE  ELAEN,
XF SARS-CoV-2 5 1SGs 2 [a] i AH B AE FH B BF
FERUAS T EHARM PR, (HFRATT X 252 = 4045
5 4b F 414 T ff B Br, 5 2 W4 T R
SARS-CoV-2 5 1SGs Z[HMAHEAER], Sk
BT RIRGPER XS COVID-19 F-A7%H R
(AT AR YT
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