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[Abstract] The innate immune system is critical to the elimination and control of infections. However,
uncontrolled immune responses can cause indirect host-mediated tissue damage. The regulation of immune homeostasis
is a complex but finely regulated process. ncRNAs have been increasingly identified as important regulators of a variety of
biological processes. Recent research findings suggest that microRNAs and long non-coding RNAs participate in antiviral
responses, tumor immunity, and autoimmune diseases by regulating gene expression in the innate immune pathways.
MicroRNAs regulate gene expression at the post-transcriptional level by binding to the 3’ untranslated regions of mRNA,
while long non-coding RNAs act as endogenous competing RNAs for microRNAs, inhibiting the binding of microRNAs
and mRNAs. In this review, we summarized the regulatory role of non-coding RNAs in innate immunity and its
mechanism to provide references for research in the regulation of innate immunity and immune-related diseases. In
addition, we also reported discussions on the future research directions in the field, including the expression and
maturation regulation mechanism of new non-coding RNAs, and the conservation of non-coding RNAs in evolution.
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circRNAJE FIncRNA, F 2 i 57585 N & 1751
Az, JE— B AR FRORRNASN T, AT DA R o 4 o N V5
RNA 5miRNAZS A&, 815 4% St al 2 e 2 AR R R 3R 361,
TEMHFL B, piRNAJE—FHK FE 2221 ~ 35 % R
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Fig 1 Biosynthesis of non-coding RNA

miRNA: MicroRNA; mRNA: Messenger RNA; circRNA: Circular RNA; IncRNA: Long non-coding RNA; piRNA: PIWI-interacting RNA; tRNA: Transfer RNA;

tsRNA: Transfer RNA-derived small RNA.
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TBK1) X} 5Z /& # HAE & -1 (receptor-interacting
protein, RIP-1) iz # 4k . RIP- 176 LB K KT
B(transforming growth factor beta, TGF-p) i fL B fiff
1(TGF-p-activated kinase 1, TAK1) & &%, TRIFFI
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WEEEN, REBCLREE AN, BA A2k
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CRD) 5{ CHIBE A R 459 3 (C-type lectin-like domain,
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A (mitochondrial antiviral signaling, MAVS) & H {55, LA
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O3 e s T ZR B PR Y 1 (stimulator of interferon
genes, STING), fih & STIN GAK i 14 T Pt Z ol 3 3 A

(interferon-stimulated genes, ISG) il A IE", OLRZ
— 240 B S A R IR AZ A, AL FE O ASHE [ FIAGMP-
AMPE i (cyclic GMP-AMP synthase, cGAS), #% 2 L i -
RS R BRI I, 77 A48 A5 20T, WcGAMP, 454
IEHAESTING, Jii 3l T Se R e o>, A HRipR
STINGFIMAVSA S K g T 7 5 it e AL
T, ARXT TR R A S i i, TR AR R RS2
FERTANTRIAZ IR ) R S P UL AT A Rt — 29
PR AR I (425 PR 4T TE R SR S J 7KF-52. 3™
I, o, OB 22 i AIF9E 2 B nc RN ATE S KA s
PR R AR . ncRNAR] DL i 22 Fop L I 45
e KA PE RN H EIIRE, TRIF, RIG-1, MAVS, cGAS,
STINGA Z Ry, MTAENLASTI B e . A B fosie
Pl | e e S 2 A B B AR R RV E T (F21)

3 ncRNAFIEE R EE RN EETH

3.1 miRNAXSEXRERHIET

3.1.1 miRNAXTIRF#AF IRFE R FIN T, IRFE
PR A —MMASF Y Z R I DNAZS 4 4 (DN A-binding
domain, DBD), AJ PLITENIE K A4 3 37, T IEN ) %
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Table 1 Mechanism of ncRNA in regulating innate immunity

Components of
innate immunity

Regulation mechanism of ncRNA

IRF (D miRNA: Directly binds to the 3'UTR of IRF mRNA and inhibits its expression””; indirectly inhibits phosphorylation of
IRF®’; inhibits the expression of upstream molecules of IRF, thereby inhibiting IRF*".

@ IncRNA: Competitively binds to miRNA to inhibit the binding of miRNA to target gene, thereby blocking miRNA

1291,

function™; competes with IRF3 to bind to the IEN-B promoter, interfering with the binding of IRF3 and IFN-g""%;
binds to TBK1 kinase ubiquitination adaptor OPTN and stabilizes OPTN, promoting TLR-TBK1-dependent IRF3

1311

phosphorylation

TRIF (D miRNA: Directly binds to the 3'UTR of TRIF mRNA and inhibits its expression"”.

@) circRNA: Interacts with miRNA as a competitive endogenous RNA of TRIF mRNAP.

RIG- [ (D miRNA: Inhibits the expression of RIG- I ubiquitination regulator TRIM25, thereby inhibiting the ubiquitination of
RIG- I ™ targets the 3'UTR of RIG- I encoding gene DDX58 to inhibit the expression of RIG- I *; functions as

135]

ligand of RIG- I, thereby contributing to immune enhancement ™.
@ IncRNA: Competitively binds to the CTD of RIG- I with viral RNA and limits its protein conformational changes,
leaving RIG- | in an inactive state"™}; eliminates SFPQ’ s transcription inhibitory effect on RIG- I *7.

MAVS (D miRNA: Directly binds to the 3'UTR of MAVS mRNA and inhibits its expression”™; indirectly regulates MAVS by

targeting mitochondrial transporter

@ IncRNA: Competitively binds to miRNA, thereby blocking miRNA function*”.

cGAS (D miRNA: Directly binds to the 3'UTR of cGAS mRNA and inhibits its expression'; suppresses the mRNA level of
cGAS by acting on epigenetic factors that maintain the expression of cGAS".

@ IncRNA: Indirectly regulates the cGAS pathway by participating in the assembly of the HDP-RNP.,

STING (D miRNA: Directly binds to the 3'UTR of STING mRNA and inhibits its expression

[43]

@ IncRNA: Indirectly regulates STING transcription through CREB™*".

ncRNA: Non-coding RNA; IRF: Interferon regulatory factor; miRNA: MicroRNA; 3'UTR: 3’ untranslated regions; IncRNA: Long non-coding RNA; IFN-f:
Interferon-p; TBK1: TANK-bindingkinase; OPTN: Optineurin; TLR: Toll-like receptor; TRIF: TIR-domain-containing adaptor inducing interferon-f; circRNA:
Circular RNA; RIG- | : Retinoic acid-inducible gene I ; TRIM25: Tripartite motif-containing protein 25; CTD: C-terminal domain; SFPQ: Splicing factor
proline-and glutamine-rich protein; MAVS: Mitochondrial antiviral signaling; cGAS: Cyclic GMP-AMP synthase; HDP-RNP: HEXIM1-DNA-PK-paraspeckle

components-ribonu-cleoprotein complex; STING: Stimulator of interferon genes; CREB: cAMP response element-binding protein.
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K1 BF5E M, miRNA-23b. pol-miR-731, miR-146at
Al B HE/E T IRF mRNAFI3'UTR, FEARmRNAZKE-, #7]
[ BUTFNAY S0 S8 1 25, TR B2 P, miRNA-23b,
pol-miR-7313 3k L, MfIPTs e RN, R4 5E
TS R R I miR-146a 35 [, 55290 ) I R % 1
FHOE™, miR-217-5p 5% HIRFE R A5 1(NOD1) iy
3'UTRE A HHINOD Y ZRIA, HHEIMHIIRF3™, [k T 38
1 2 ML B SR 5 TR S D AR A S 2 R VE A, miRNA
A [A] 4598 5 IRE, Nc886ili jI RIG- 1 /MAVSIEAL A4
HIIRE3 SRR AL, (EICEARPLH M AT BR™ TLE 2,
1, miRNA A 38 i H2 5] e A HI 8 35 IRFAY SRB BT
£, Z 5 HUARRIPTR 1 RO % 56 K S ieBeii i & i, {3
Nc886if I RIG- | /MAVSiRF AN HIIRE3 B B2 16 1Y
PLUHIA e — BB 5E

3.1.2 miRNAXTIFN-B TRIF493 % [FN-B TRIFEEAF
T TLR3 # i, TLR3W DL B4 5 TRIFZS A1, 51
TBKIXFIRF3AYIGE ", TLR3-TRIFE HAEHLARHE £ 9%
BEIY SR A B RS E R, GRS 2 | PIIE
JL9S B . FRLAtiyed 2 2 2 AN BUE A0 B HE, 1T miRNA
A3 32 45 TLR3-TRIF# #3415 HUAB TR FE S . miR-
15a-5p ] 5 TRIF mRNAMY3'UTRK HANTFI S5 4, 1]
TRIFFY 35, M A Deltex E377 % M 421 (Dtx1) HE [ 4
circDtx1(—®circRNA) JFETRIFH —FF N IR 3% S RNA

(competing endogenous RNA, ceRNA), 55miR-15a-5p%h
B IR LA AN M, el 55 X TRIF A 4 2
T 6 AT DL, miRNA XS TRIFY I 552 2 N IR 5% Gt circRN A
BT, circRNA-miRNA-mRNAZ i 58 22 0 9845 ) 2%,
FL[R) R AT SR AP VEH o

3.1.3 miRNARIG- I #938% RIG- | fHDDX584h5,
A B AN N D R A BSOS RIS AR S5 44358 (caspase
activation and recruitment domain, CARD ) Fl—> C¥ii
RIN A JHE R 25 A6 30, =5 ARG 200 I v 79 X% 5/~ — 9
JRRNA(5'-triphosphate RN A, 3pRNA)"", P55 7 7Y
RNAJF, RIG- | fJCARDZEH I B3 HEME TRIM 2512 R
AT, 5 0 FERLR M L A FIMAVSH E
YEFR, DTS 1% 5 N FIRF3FMINF-«B, i 1 A1
P2 R 5 AL PR -1y 7= A /NERURI NS DDX 58 %
K 593" UTRAETE P miRNA-218 Y 45 437 5, miRNA-
2187] HFEAMHIRIG- T Ay, A T BT 4R i
A G R T RE PRI . miRNA-202-5p I 7RG 3t I K
SR TRIM25 B 2638, HIRIG- T #97Z Ak, (HA T
FEFEHARAED, (HIE, —HmiRNABIA N ERIG- T A3
B, A BTG5 G N, 2 FT S AR A0 P, miR-
139E NRIG- [ FLARILIERIG- T, 5 FIEN-BR R,
I, miRNAGH i 75 s K- Al s e 7K P RIG- 1Y
FEBACTFIIE M, i AR 1 R feie KO
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Fig 2 The regulatory mechanism of ncRNA on IRF3
TLR: Toll-like receptor; TIR: Toll/IL-1R; TIRAP: TIR domain containing adaptor protein; IRAKs: IL-1 receptor associated kinase; TRAF: Tumor necrosis factor
receptor-associated factor; IKKs: Inhibitor of NF-kB kinase complex; MAPKs: Mitogen-activated protein kinases; TBK1: TANK-binding kinase 1; IKKi: Inducible IxB
Kinase; RIP1: Receptor-interacting protein 1; TAK1: Transforming growth factor B-activated kinase 1; TRAM: TRIF-related adaptor molecule; TRIF: TIR-domain-
containing adaptor protein inducing IFN-f; OPTN: Optineurin; IRF: Interferon regulatory factor; PP2A: Protein phosphatase 2A; IFN: Interferon.
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3.1.4 miRNAXTMAVS# T  MAVSEN LRk
B b, A% — P NUGCARDZS R . — NIl 2R 5 4 X A
—ACHi s I ZE IR . MAVSTELR AR S 1 e KA
P2 {5530 B T R AR OCHAE FHSY . MAVSHIE PEFITA &L rE
ZHZ R Xz R AL, B AL A0 2w IR 1k i) 7™ A%
FE22 54, miRNA R o B 2l B He I MA VS 2 1k 74
W RAPE RN . miR-3570, miR-122, miR-125aF1miR-
125b, miR-22, miR-3470b 5 MAVSH3'UTREAT /£ B
AT F, FERG SR IEKMHIMAVSE ik, W HIMAVS
I EHINF-xBHIRF3 5 516 5, IGO0 28 R, 225
BE A0S0 T miR-302b 8 [n] 2o K i is 1A
SLC25A12, [AHZ AT MAVSA 3 B Je K™, (HIE,
circRNA circPIKfyvel A MAVSH a1 N IETERNA, i
IF B miR-21-3p, MR SE R ARE N o PRIE, miRNAXT
MAVSHIIE T R Z $l cireRNAR) T4

3.1.5 miRNAX cGAS/STINGAZ FiB 35698 Wik
DNAZ S cGASI G Pl fiEfLATPRIGTP & icGAMP,
cGAMPZEA H I R/ FSTING, STING R IR 3%
TBKI1, BEFR LIS IRE3, S T2 1 BT R FRIAY,
cGASHISTINGHImRNA 3'UTRAFAE F-EEmiRNA VR4S
B AL, miRNAGE 5 mRNA H LS55 a5 8 o 142
YEFJH 15 cGAS/STING Y 35, & ¥ Sy Pl /E H -
YUZEIHF5E & B miR-23a/b 1] LU 5 cGAS AImRNAK)
3'UTRELIZSS &, Ml cGASIIZE A, Ml cGASH T
KAPER N . miR-24" miR-210"", miR-24-3p" 5@ 11 5
4 T STINGHY3'UTRIX., #8745 STINGH) Fe1k, Ml
FISTINGA {5 53l f . TEBREZLMF T, miR-25F
miR-93 & FE ML T VEH, S H T A cGASER LMY
FM AL FNCOA3, FEcGAS mRNAJKF- T, 5 Bl
St A e 8 240 A b 3 B2 S M T BB £ ) O 2 fe
P35 P circSamd4a DU BT L 1o Y 4 E T B miR-29a-
3p, HERSTINGS T AYNF-«kB/IRF3 (5 51 ', {H 21X fil
P ALR AR T H ALY R A P 1 A B

3.2 IncRNAXTSER ZHITETT

3.2.1 IncRNAXTIRF#EF  IncRNAT] LIS iV 48/
B miRNA, AT &8 51, T 3078 32 0 S (5538
PR, A AT LA 5 S R A e T B L, R R
BRESIN o BIFSE % B, NOD1HLHE PTG #EAH 5 IncRNA
NARLTJ 5 P45 B miR-217-5p, il H KRB FIE M, &
PEGERI TR A P, [R)BE, ncRNA MalL15TBK1H#Z &
LA FE#FOPTNZ, & )1 F2 4 OPTN, fi2 i#f TLR-TBK 14Kt
HYIRF3WEMR AL, K5 e s AE Y (812) o ncLrre55-
ASE WA TR B TP FLMEEE 1 (pectin methyl esterasel, PME-

D254, fE i PME- 1/ F 10 8 (I RR i PP2A (IRF3 {5 5
AR ) 25 F AR AN R 0, B S IRF3WE IR AL AN A = 1%
FO(E2) . L, Inc-MxA HAZ SIFN-BJa sh 7454, T
PLIRF3 . NE-kBilF B p65 5 IEN-BILE &, I TEN-BHY
e sk, NI A F8 S eI VR I (181 2) o F T I, ASTR]
FY1IncRNA A 38 52 AN [m] A AIL il 3 55 TRE, BT A 4% e s 4
il Bk G e A

3.2.2 IncRNAXFRIG- I 49385 IncRNAR] @817
RIG- [ A5 (19155300 7 e S e | o 7 R L S5
RAFEGPEN T S R . RNAJ TR U
A0 35, Inc-Lsm3b- 505 TERN AT 445 A RIG- 1 ()
CTD, FR#ILE L AR, RIG- [ AL ARG R,
TP HITEN T 425 SR B T Inc RN AR IL 1Y H)
RS, ARSI I A # B Inc-Lsm3b R SE A
FEANZKIncRNAH, IncATVTERG 8 B Y 5 ik iR, Xt
RIG- | A A0 75 56 K S A FE 7 ) PR I I
UG HE L JS , IncRNA NEAT1%: R34, NEAT Liffi i
V1 Il 2R ANy kA 1) B D) X - SFP QR i A v 3]
A0 A% Y D45 4 7 MA paraspeckles, T i SEPQXTRIG-
I . DDX6043 Hyf s RN, T 2EIFN-BA 14
SERAPE, LA, IncRNAXTRIG- T (3835 AT fEAEAEY)
FRe S, ZEAN IR b b AT GEAEZEAS TR AL

3.2.3 IncRNAXTMAVS# T  IncRNAR/E miRNA
BN E P RNA (ceRNA) 5 i o TR LR R TR S, 41
FIMAVSHE AL, 897 6 R % . MAVSHUN 7 AH
IncRNA (MARL) /F miR-12209 T2 4+ RNA, Hi%E5
miR-122454, ISP X R IK KT, DEHEMAVSHE
ATk, DT A T 2 1) A2 o O ARE B0 2 S s 4K
1M IncRNAJE 15y MA VS AR 58 FH X 85 /0, J&: 15 A A6 Ho A
IncRNAGH i3 T miRNAFIMAV S 25 & S 15 5 K g
SNE, LA B 2 15 A7 AE 38 28 8 5 MA VS DU 1 ] 56 K e s
HYIncRNA, A R iE— 5%

3.2.4 IncRNAXTcGAS/STINGAZ 5@ 34 498% cGAS/
STING 5 3 i A 3 T e 2 R 49 i 40 R 7 1) %
ik, AEDNAF S e R s h R EEAE . BT R,
HDP-RNPXE A9 7] 45 DN AR 56 K A I v
cGAMPHIA I, M ITTFEI cGAMPA S Y IFN-f mRNAZK
3, MilncRNA NEAT 12 HDP-RNPA] % b i (19, (Kt
NEAT1A] [ 423455 cGASH ## . IncRNA MALAT1E A
B ] s 5 L B A A P STING Y 3Rak S LA 5%
Ja T, MUEIBFSE & B, MALAT1IUER S, cAMP
JulF45 4 8 A (cAMP response element-binding protein,
CREB) fmRNA KA K F-FI4E G STING)S 81 FRIfE )1 F
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K, T STING Y% 5%, PIIHMALAT1i# it MALAT1-
CREB/5 5 i JRAE FESTING Y 14 circRNAJR T
IncRNA, XTAZE VL LT —FlcircRNA cia-cGAS, TEfa %
AT E5E 2 cGAS, BHITH G HBE E, M HilcGASAH &
FO3E T4 b T BUIENGY ™ A, T 4EREDLIAR I RRAS
DL B9 2B, IncRNATECGAS/STINGAE 538 & Hh Al 38
b R[] AL ) & #0E 15) B B 1) 98 5 VR A, IncRNA XS
cGAS/STINGIr 5l B Ay i 17 R — N i 72 .

4 BENRE

FERAPE RV AE A T B AT RE B 3hid by P fe e v
KA TEAEF, SRS A 4R TR B G PR L
AR AR L AT ST T2 W ncRNA S 5 56 KA SO B9 945
R R R, 5 S BRI R A A, A5 ncRNA
MR, A B et B TR N, BEEncRNARIAK
AR AR SRR 1 & FEAHSE™, P, miRNAFIIncRNA
TESC KA R R C 2/ T 2 e . — B i
T, miRNA 5 mRNAR3'UTR B 454, 45 e K sl
PR A C P 92635, T IncRNAGHE 3 1 19 N TR 55 4 RNA,
FH1IEmiRNAFImRNA 455, &5 845 5 K S e i AE
FH o SR, A B/ IncRN A AT LA 4545 5l K Ay 1 B
JG 2 A 0 OVl A e Y R R K R S R A RE Y
YERL, i H., IncRNARYFRIBAELEYFIRR Sk, — S8 (2T Y
IncRNAZENN T.., A7 FIY)HE_ B ALRSE, [ IncRNARY
WFREIE Y, 535k, WA PR EY cireRNA R 2 558
RAPE RN, S5 Gy AH OGP ) K A, circRNA-
miRNA-mRNAZH T 24 IR P26, ] 5 K e,
PR nc RN AR DL 1o Z2 R AL e 42 e R faie g, B2
F IR 45 A5 R iE— 2B RIS, AT A S R SR e A g
SIS T RTRY T3 BERT 4 L

FIZEMR AR IR AR £ vh 5
Z % x #t
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