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Crosstalk between interferon and inflammatory signaling
pathways in the immune responses to viral infections: defense
and homeostasis

DAI Jingwen, ZHOU Pingping, LI Su’, QIU Huaji

State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of
Agricultural Sciences, Harbin 150069, Heilongjiang, China

Abstract: The innate immunity can be considered as the first-line defense cascades that are gradually
built up to maintain the host homeostasis in response to the intrinsic or extrinsic danger signals. The
host cells have evolved multiple strategies to antagonize viral infections, and the innate immunity
signaling pathways including interferon (IFN), nuclear factor-kappa B (NF-«B), and inflammasome will
be activated when the pattern recognition receptors of the host cells sense pathogen-associated
molecular patterns. [FNs are crucial to the antiviral immunity as they can induce the expression of
IFN-stimulated genes to exert antiviral effects through various pathways. In addition, inflammatory
response is an automatic defense response that induces the release of proinflammatory cytokines upon
viral infection to regulate immune responses and exert antiviral activities. At the same time, IFN
signaling pathway interacts with the inflammatory response regulatory network upon viral infections
through some key molecules such as NF-kB/RelA and PKR. Furthermore, the IFN signaling pathway
and the downstream cytokines can modulate the activation of other signaling pathways, which in turn
regulate the immune response to maintain the homeostasis. An imbalance in the crosstalk can lead to
excessive inflammatory responses, resulting in tissue injury. For example, the excessive inflammatory
response induced by SARS-CoV-2 infection proves to cause tissue injury. In this review, we
summarized the crosstalk between the IFN signaling pathway and the inflammatory responses upon

viral infections, which was expected to provide insights into the future research on antiviral strategies.

Keywords: antiviral immunity; interferon; inflammasome; innate immunity; inflammatory response
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Table 1 Transcription proteins of ISGs and the functions of proteins
Modes Proteins Functions References
Antiviral Mx Inhibiting RNA and DNA viral infections [27-31]
effectors CH25H Inhibiting the replication of coronavirus [32-33]
IFITM Regulating the differentiation of CD4" T cells and inhibiting viral infections [35-36]
TRIM An E3 ubiquitin ligase [37-38]
OAS/RNase L Degrading viral ssRNA [16]
Viperin Targeting NS3 for proteasomal degradation [17-18]
Tetherin Inhibiting the replication of enveloped viruses [19-20]
Positively STAT1/2 Key adaptors in JAK-STAT signaling pathway [8]
regulated IFN  RLRs Recognizing viral RNA [42-43]
ALRs Recognizing viral DNA [44]
cGAS Important molecule in cGAS-STING signaling pathway [14-15]
PKR Activating the IKK-complex [21]
IRF1,3,7and 9 IFN regulatory factors [11-13]
Negatively SOCS Inhibiting JAK-STAT signaling by binding to phosphorylated tyrosine [22-23]
regulated IFN residues
USP138 Cleaving ISG15 [24-26]

http://journals.im.ac.cn/actamicrocn



3714

Dai Jingwen et al. | Acta Microbiologica Snica, 2022, 62(10)

AP-1 G A0)G , A% B itk A A% 1, 46
HRR RSN AT b, Jash T
SERIFRIE

PRRs. TNFR, TCR, BCR 5#iN; ft A sh
Gla, WL eSS,
B4 TGF-p i1k TAK1, &1L 09 TAK 306
R kB EEE(IKK)EZ 5%, H IKKa. IKKB
I NEMO 21 8%, 3 B Rl B R e s, IRfe
it IkBs (BRI . BfJS, 76 E3 E4EMnI1EH
T BRI REERIA N kB, B
pSO/RelA #E AN , 4564 E 3L R A G 3,
J3 Bl AH 5 5 R 1 Bz Si % K 4 8 1 A i IR
TNF-a, IL-la, IL-1B, IL-6, IL-10, COX-2,
CCL5, CCL19, CCL20, CC128. Eotaxin %01,
2.1.2 FFHRHMFER

S MM, JEL R T IKKa,
MAKE T NEMOY ., Xt FAE g i 21w ,
TE I pS2/RelB S — AKX B bR . 24
M2 AR S S A AR S, SSRGSk o)
+ NIK. ¥R NIK 0% IKKa, ff IKKa 455
pl00 5 pl05, £ E3 #&EHEEFHI/ER ¥ pl00
5, p105 {2 RALIF AR, pl00 FEAR 5 77 A= p52,
p52 HJJE K p52/RelB S5 — R {AR S p52/p52 [F]
Ui —RAK . p52/RelB SR R AKR] HEUEA
Mit%, 256 e REME S, AR
5 RN, T p52/p52 A RS Bel3
TERIE A A, 3E A 200 A v R 4 A G 35k TR 7
SEAFIEI AR MR T R A BT &
Tl 1 B G PRI A M 520 118 R AL ol T
22 RMEMESEBREERRERE
HEFHER

e/ IMAGHE H ti 32 AK(NLRs Fl AIM2 FE5Z {4
S5 AIM2 FEEZIA: PRI AR P97 25 00E DNAM™
RLRs : {31 5o 2 XU RNA il SpppRNAM
TLR1, TLR2, TLR4: R apH 2 A4 Fh

<l actamicro@im.ac.cn, & 010-64807516

4 PAMPs; TLR3, TLR7, TLRY: B Al
ANFH B ERY . NLRP3: 3 id NF-«B {55 538
(R 8 NLRP3 25 (0 /KFC) T
AH R BE 5K 25 1 (ASC) Il pro-Caspase-1 — B4
A, HA ASC £ Caspase 55 RN 16 2544
5 (CARD), RAPE/IMERTEIE RN 5] E2 1 58 1 240
ML BRI AR T R /IMA R 2 1
HBTUIEYE . 2k /IMATR I B 5 15 fh iy i 42
W AW IME IR

28 I 58 M /MR IO 3 A2 B bR R & X pro-
Caspase-1. pro-IL-1B #1 pro-IL-18 #4171 YIHI
FUREI . 24 AIM2 FEAZ AR 0T 1 999 7 DNA
ol NLRs 32 U2 17 A 1 i Bt PAMPS™)5
H5EHSLEH ASC IR T pro-Caspase-1
HEH—NZREALZEY), 7€ CARD S5yl
#& pro-Caspase-1, y=4: Caspase-1, Caspase-1
iF— 3 NF-xB {5 5 8% 0 T Ui 0
pro-IL-1B F1 pro-IL-18, Caspase-1 HY¥f 1T 3
p20 F1 p10 %] pro-IL-1p Fl pro-IL-18, ;=4
IL-18 A1 IL-18, [Ai}, Caspase-1 fig Y] #|
GSDMD 43104, FHB L N SGZs I, #%
SEMERE S A ML S G, TEAAEIE FIE AL
T8, AT BB A A TL-18 A TL-18 43 Wb E L 4h
[Fi] Bof i A B4 7K RE B 3 o L i A v, i 2
Mz s T, WA AMNG, ShEMMAET .

3 EFMEIET IFN §XERN
BB X LHE

IFN . NF-kB J R/ IMAAE 538 A e R
Yo RE BB R A, e R B LR R
RAEEE PR BEVE T o 24 RRE S0 08 5% 4
TG, AR A i DR 5 e R e i 4 i
AdigET, HukREE, £ESEEPRITE
HEEL TR EGRENKR, ENZ



FEESE | R F I, 2022, 62(10)

3715

(] 119 28 E 9145 B8 408 Xof LA B o 2 2 ke 31 1 1A
B AREEER . — O, LA
MUAA GRS LM, IFN 59800 5V A5 558 %
PMEIVEFT , 3 [R]98 Bie w e DA 4R R LR RS 2
J3— 7, IFN 5 480E [N Z [8] AEAEHEde )
PUrER, REMS (AR AL 5 19 S A 253 F
SREDNIXT B B il s F, e — e g L4k
FEHLARER A
3.1 NF-kB{ESH#E5S IFN 5218 K (8
B3R BT

NF-kB {5551 i 32 B hy S 15 510
HAER 8 AMRHUAR R R EAE . 50,
NEF-«kB/RelA 1E} NF-«B il % 11 F W4+, G g
Z5G1E IFN 38l FRyg e+ 1, ok IFN %
T AL

4 TLR3 RIS , 38 52 FiG 4k TRIFP),
TRIF % 1k TBK F AKT, £z 238 1% NF-kB/RelA,
NF-kB/RelA 1 fb 5 i it A2 ] Btk A difaaz N,
4565 1 8 IFN REE s+ b, 58 IFN-o/
S MFEERRIBE D)o BN, e IR
(CSFV) &Y il v 5 W 0 i A ik A2, CSFV
filt &% RIG- T Fil MDAS #1553 i , 1 i fie
PEFE R F IRF3 #il NF-xB/RelA A#%, PIESE
R 5 W 20 TREN RO 48 1 240 it IR 1 1 4
AL, T R A G 7 R . AR S I i A
TR, IR I ZL 2 M (porcine hemoglobin,
pHB) B W AE:AEH T RIG- 1 {555 38 B&H 15 40 it
[ B IFN A7 Az, DN HO08 9 00 2 76 20 JEL Y
3457 AP HB (human hemoglobin, hHB)
5 pHB [ 8 M fe s, LT aE o B B2 BH AR
MDAS5-dsRNA HAERM MDAS 43 HHLis
BERARGPE I, JF H, hHB S HE LG Mk
(reactive oxygen species, ROSWENH/, [A]4%
M e BEA N ROS BRUE#E RIG- 1 2 %
b, BEMIEESR RIG- 1 A B0 BE KR g e

Mo ZWF5EFEW, hHB J& RIG-I/MDAS5 4153
PO KR G2 SO i 22 30MER 15 R, 48R
T4 AR BRI AR AR R S K P R B R JE R B
FEVEAAT A EEEEPECY g SR R I 25 A AT
B (PRRS V)8 e 441 ffd () 1o A2 v 58 16 1) & 1 JE
ZEAEE T NSP4, idad id/b IkBa KK F IR AL
B A FIKG RelA B0 21 20 i A2 Hh ke HE i) BEL DB
NF-xB {5 5 B 0 30E , NI N IE IFN-B (3%
BRI

SRy, 7EfEfd, IRF R IRF2
fEf 158 MyD88 Fil TRIF 41 1 NF-xB 5538
PO L (R E RE % A B R i AR v aE 2ot i
Tk AEE PN {5538 i 09 e 2510,
T3 O G B g A, ol 4500 2 35 1 Ik e
wHE

IKKo F1 IKK B & NF-xB {5 51 [ 1) 5 5 1%
fitg, ool 2 5HAE S8 AR, W ps3.
MAP #H(MAPK)FI IRF 3@ %, I B iEE 5
SN BN T IFN /-5 ISGs FRiA & 14
PKR REEHE NF-«B {5 ‘T il g Y IKK 2597,
P kB Mz RALAE (AR BERE (D 1), 11
n, 7£ PRRSV RIS, PKR & kIS
T NF-kB F1 IFN Jz )i, Mimidgas 1 1 % IEN Fl
PR AN 25, JHl PRRSV Y4l
A, W R, FERGL N EE R Hub?
AfH, PKR AT BB 5 IKK 5490 0 A A
FHPE NF-xB 5530 [, DI 3G 58 12 38 6 1 Bt
g s

FEIR IR AR R AR T, TFN {5538 i
FEGE A7 ISGs RIXE KX NF-«xB 75
WA T, T NF-«B {5 518 8% ) £ 1t
NF-«kB/RelA 3K 51 TFN 18 #5915 1k o f e ml %0,
HUATE LR BT, TFN {5538 % A NF-xB {5
53 [ 2 B IR SR R AR, TR RS
WAK, WL, SR PR SRR

http://journals.im.ac.cn/actamicrocn



3716 Dai Jingwen et al. | Acta Microbiologica Snica, 2022, 62(10)

— D
- \\ Caspase-1
NLRP3 inflammsome
complex
G - mm] S—2PF
pro—Caspase— : /
ASC
Cytoplasm .
~1ENo/f
1 NF-xB. Z%M/MEK IFN 2z [8f932 5iFishs
Figure 1 Crosstalk among the NF-xB, inflammasome and IFN signaling pathways[52’53]_ The signal is

transmitted downward to initiate the JAK-STAT signaling pathway through IFNAR recognizing IFN-a/pB,
which results in the activations of STAT1/2 and IRF9 to form ISG3. Subsequently, ISG3 is translocated into
the nucleus and initiates the transcription of IFN-stimulated genes (ISGs), the transcriptional protein AIM2
can recognize double-stranded DNA (dsDNA) to trigger the activation of inflammasome signaling pathway,
and PKR can activate the IKK-complex, which induces the ubiquitination and proteasomal degradation of
inhibitor of NF-xB (IxB). The IxB degradation results in the release of NF-kB/RelA into the nucleus with
IRF3 to participate in the transcription of inflammatory factor genes, of which the transcriptional factors are
the key initiators of the type I IFN pathway. Furthermore, the initiation of NF-«kB signaling pathway can
promote the activation of NLRP3 inflammasome, and NLRP3 interacts with ASC and pro-caspase-1 to
generate NLRP3 inflammatory complexes, which are involved in the inflammasome signaling pathway.
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Yol ob DT 5 | B i 1185 2 52 i KPR
975 T3 IR G o R e R A R AR /MR
JE 1 2 A b R A A B PR R E A, H
IR ATLAAR 15 A5 4
33 REXRGeRELSFREINSS IFN
1 NF-xB {5 5@ BB AVE IR

BUAIBUIR BB — R . B, &
HE SRS, K 1 R, 78 IFN £k
BF BT S B 9 S 2 3k 4 55 NF-xB 38 #% 1 Y
Bk T —ENE X, RPETHRE &
RE R, IFN 5 NF-«B 18 J& 22 18] 46 5. U3
HEFEHLAR PO ROV A E SR

IKKp J& NF-kB i }% HH i) G0+, IxB 73
T NF-kB %5 F il 5. IKKB B
TEPEH ) IeB Y 2 M AHAR 2 A FR AR 3L, 35 1B
Iz AL FIEE TR A, S A5 NF-xB 1
FECRE AL o

IRF3 ., IRF9 5 858 YL i) IFN JE IR Y 32K
YA G . M R e, kA
MAVS ., STING Fl1 TRIF 4353476 N 1 10 85 P18
fiff TBK1, #XJ5 TBKI1 Bl i 5% T IRF3,
AR HE TR IFN 7= 18 fFss R B, 7
TBK1 4% IRF3 &L d, MAVS Hl
STING % 2 MRSFI 2R B RAIRIE, ©
MTAERECT W IKK F TBK 1 B #ERR 1L . K5
B2 1L 1Y MAVS Fil STING %54 %) IRF3 1)—4
WIEFLATAYZRIAT, MIMFASE IRF3, # TBKI1 #
i fb A s

WFoT F B, 7 g B b IRF3 BEAS 3 1
W IkBo [ RFEfERAESE NF-«B 5518 1 10 3%
15, i3 IRF3 AR R SR i vh i 9 45 B 08
#%——IFN F NF-«B {558 Bk REE—HE, 1%

UEbEl, AR EALAR B P A 0 Sk
[ B, A £ 3 3K 9 IRFO A1BEA% 38 2 DBD
gER I TRIF 45319 NF-xB {55538 1% 7= A4
SRR, BRI A i R T LA ST
WA A —EHISER, EMS—A
FEE ,IFN 18 B& F 69 IRF9 %f T NF-«xB {5 5 %
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Ko WA, EHRLRE YT T R PR/ IME
o7 {4 Ak NG 2, T e R 2 At S R e
PEN TFN A 5200 DL K2 TFN F98 /M 22 8] i 52
HYEMARFEAVI . BIUAEK RNA K
(DENV)A] DA% ¢cGAS-STING i i, 275 nl i
RAE/IMAELIE ) Caspase-1 V] IE2E RNA Ji 5
BUE R cGAS THfk; B0 RNA 5806 1Y
Caspase-1 2 A LIYJ#E] IFN # i H MAVS 45
ko5, BATFTFlE—205E. Hsh, X
F IFN 5 NF-«B 5 5 i % o 5 2240 i 53 7 2 (8]
Y A2 B 45, U NF-kB/Rel A figfs A K% 101 IRF3
ek IFNa/B B9 774, =B BRI E T R PU 83R
e B 2 R S R AR, DA 4R BB B R
BT 1]

[FIEF, X F—2L DB P IFN FLARAE S
P S BRI T, 2 R L AR B
IFN FIRAE K0 Z A KA, e 80 B 9 0E i
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ML (5 AT 38 3o 2 /N ST i 1 s 45 TFN
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I #E SARS-CoV-2 JEYL LA B I i b 3 2o 22 Fol
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5K, COVID-19 BHE KRN T A IFN KN
PRSI, %A S NF-«B {5 538 ISR
RE N A 2 — R R, R 2 R
Yo TR ORI AAR B B 0 S5z 7 A 4 R R S 1 A8 L
FERLH, SEm i E A PR PR R IR YT RS . TR
IR R 1 A PR 55 O T RE S 5 4%, 40 IFN 38
AT T BB AS 67 SR 45 NF-xB sl R M /Mg
%, DT B A T 400 2 B g & O R s
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BLAAR I 55 Pl b o 2 1 28 2 IR0 A7 A T 22 7 2%
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HRE G S L . AR R I S5 2 ]
L H AR A IRGE SR b S P K R, T
Xof 308 %5 i 2 1) B AR AR IR &R, SR
i DA v S B — S HE A i SRR B A, AT
8 PR T RIS 75 1 R R AE 2 I — 2 i T
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