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Abstract

Non-alcoholic fatty liver disease (NAFLD) is one of the
major chronic liver diseases worldwide, which seriously
threatens human health and has become a major public
health problem. Immune mechanism plays a key role in the
occurrence and development of NAFLD. Interferon gene
stimulating factor (STING) is a key connector protein of
the immune system, and its related signaling pathway has
become a recent hot research topic. This signaling pathway
may be involved in the occurrence and development of
NAFLD by mediating liver inflammation, lipid metabolism,
apoptosis, and other processes that affect liver metabolic
homeostasis. Combining relevant reports and the latest
literature, this paper reviews NAFLD and immunity,
the composition of STING signaling pathway, and the
relationship between the STING signaling pathway and
NAFLD, in order to provide ideas for further in-depth study
of the complex relationship between the STING signaling
pathway and NAFLD and the development of relevant
targeted drugs.

© The Author(s) 2021. Published by Baishideng Publishing
Group Inc. All rights reserved.
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BB ENAFLD# R A K R AL A RAEVER. ThE
FL R R\ i B ¥ (interferon gene stimulating factor, STING)
AR5 R — A b kg, A E5
B IR A AT — DA IGE, T AR B AT IR £
JE . BE BRI VAR 2m B A t%a%" 5 vy BT e 69 4K, 35T
AN AENAFLD# X A K. KX ALK
i Fo g # LK, MNAFLDS %92 STINGAZ 5 18 %449
AR ARSTINGSE i B 5NAFLDZ | 69 % & =7
KT — 4238, A A3 —F R STING Z 5
B ENAFLDZ 8 89 5.7 % 2 AR IR A Xk dem 25
WARAEFS Bl Fo 3K
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FRARBA B 4 R T 4 AR R vh BT R 04 AR &S AN
FEAE B AR RS B P AT 9% (non-alcoholic fatty liver disease,
NAFLD) AL EELAER, HAGK DA E WA G
NAFLD#) #7 & ¥e.t 25 4.
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0315
ARG I i 5 74 % (non-alcoholic fatty liver disease,
NAFLD)&—Fh 55 % 25k Pi(insulin resistance, IR)H
WAL 5y I V) AE OC I A L I 45 0, FL
AL A SR ORGPl M D7 (non-alcoholic simple
fatty liver, NAFL). ARBRGPENE NI PEI 28 (nonalcoholic
steatohepatitis, NASH) A HAH 5 1 £k AT 41 i e
(hepatocellular carcinoma, HCC). ‘& A2/ 8 A1/
FBRFATRIA, IR0 A 38 B AR R A, AR,
NAFLDYE ﬁ??nzl PR A 2 BT, Es o g
oI i LI R 22— e b N, S —A
ORI AT TAE [
NAFLDAAE R HE AN AR M. 2 HEE,
W RIS BN R A R R il 5 S E . T
AR AT (stimulator of interferon genes, STING)ff
WG R — A Stk i A, i) E 2 E
FOMHRAT 5 I B AE A0 T 7 B S5 g M h OV . I
BEAE R IZAE Sl B ] 2 5NAFLDI K EAUR g, IF
FEH A RAE T HEAEH. A S SRR E A EHT SR,
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RiBIE 5. STINGESEISZSSNAFLDEWFUEHE

KFSTING(S 5B IRAENAFLD R R 78 i3k R fif— 254, LA
FAAEE— D RN TR 25T RS 5%

1 NAFLDS %%
ZAER, MMI1—BE IR B ED ISR 6o 2 (M
TRSRAIEE R, AAE S g, 7EA U A p A I
TR RS T KA Sam k. B AR
PGS E . EAMLERRRE RIS DT ik NP4, 152540
PEVATT SR A . SRIFIE Sy A it 52), Bt AR
AN — MERE.

JFF FIFE 28 T 52 A 250 G2 N 2 [) PRSP A e 2H 27
[ IE s TR AR P 17 22 G B 2. 7ENAFLDH,
HH IAIE 224 1) G 2 S I B 8 E R A A 10, I b
BT, VETT A EEEIN AFLD/NA SH I 585
A SE IR 40 U (EN AFL DIk AR i SC AR . e 32 31
REBRBIR AR R - 45 R 2R AR, o 0 ) e g2 R
A ZESREBP-Ic. ChREBP. PPARyZ:XHEE 1%
i, WA AR, AN AFLD 95 B e sk
ncRNAs(EEmiRNAsHlIncRNAs) 7] DLE I A8 7k
HeWifa S K 2 5N AFLDI EL R F2Y, RIER I NTE
AR Fp i IR 7 P i P S B P D R4S (g i M
% HHECFIHCC) 7 T AR 3 EF. el
TAENASHIVEE e s E . 2 MR R(E
SRRTANE, EHARROITEINE, FIK up fferH i/ M AT)
A 82 (T2 R B4 ) 6 758 40 £ I ) ' 4R 0F 2
57 s R0 (0 9 E S N, 3 T L4 FA S BRI PR
Kim 201, AN TR 1 2 R S 2 A0 B RITEG I  G 28 200 ff o
NAFLD/NASHP/ER-IFEA—# — Bk, CD8+T4
fi. MIEWEANM . BAIM . 1ZUNKTAM. ki
PRAFIN K GH 734 R 98 200 B BF 7 R AL Rl 7, 25 33K
ALDMINAFLD/NASHHJA . # e, M2BYELEATNE. 2
TINKTAH AT 5P TAH AT 5343 R4 A 558,

2 STINGIES:&@i8

T B E AR T (STING, XFRNTMEM173,
ERIS. MITAEUMPY'S), £ 5% 15 AH IS4t A A2 23
HiE fERRIA, AESTINGAH G Sl o (1 X e 7,
& T BT 2 (interferon, IFN)F AR50 KA R 410
FEW T 7. AEIEE I EAZ A, DNAMH A5
Bl ks R BRI A3BY, DAIREG H B 4OE. SRIM, H T ALl 5
K FEUA R IR TEDNA L H S DNATEAH 5T 9k =
SENT. X EEANFEXUEEDNA (double-stranded DNA, dsDNA)
AEAET MBI, X e R RG2 — MGk s, Arpk
PR 94 U R (guanosine monophosphate, GMP)-JifH HL
11 (adenosine monophosphate, AMP) % ik iff(cyclic GMP-
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AMP synthase, cGAS) K I BAFLN. BEf5dsDNAS
cGASZE & FEcGASHIBEE, FH &1 =& (guanosine
triphosphate, GTP)F i {F — & (adenosine triphosphate,
ATP)AL & 152,3- A GMP-AMP(cyclic GMP-AMP,
cGAMP), cGAMP =LA G FFIIES TING. 24 5 B0 1
STING M W Jiii Xl (endoplasmic reticulum, ER)#%12 £ /K
TG AR, ETR B FHSETANK 45 440 1 (TANK binding
kinase 1, TBK1)FIIkBIEHf(IxB kinase, IKK), K EA 1T
& 240 M A% 8 X3 Bl S, X Lol R AL s T
PR IAT RT3 (interferon regulatory factor 3, IRF3). -3
Z 9 K77 (interferon regulatory factor 7, IRF7). %[KF
-«B(nuclear factor-kB, NF-kB)5:5 3% K. P IIRF3/7
AINF-x BESR 2R Bk & 1 BITFNAIYE 22 HA L 4 4 g
DRI S5 R0 77 A, DT Al A 540 TR A 958 S5 SR AR S 1 2
DA e PSP,

AR ESTING Y LAY 0% 8 % . i A B 7k
WS TINGHIEUE AT AR T c GASHIcGAMPI{ 4.
Dunphy 5" B 52 K LA 5 4t iR A 2840 o
WIBIAH 5 T FIDN AT AT HC NI A 77 AR 58 R H g8 S,
X % BIDNALL BGERL 2SSTING, (AL T H liDNASZ
AcGAS. XFhAE#A FISTINGHGE & HDNAZE A 8F
IF116. DNA#5{% M K- FATMAIPARP-14 S/, S
T—MERIISTINGE S H AWML, Hh s
IR FpS3FE3VZ 2R IEHMF TRAF6. TRAF6fELSTING
Ek63ESEIIZ FEEMITE K, 38U KT NF-« B
i, A S AN E A MISTING B K3 N RIAFE T

STINGIS IR N G bt s HEAEH. BEA
ITEXTHL S FHDN AT RE 10054 35995 B AT A 2593 i
18] B 22 7 80 LA S AT IR 2 S By Hh R R B
T HAEVF 205 e S I I3 R R HEAE FH, G0 LA
Wi SEPER . IR R4EfL s,

3 STINGIS @8- 5NAFLD

STINGfS Sl AEN T4 rb ) T 232 IFNs)
ERE SN, LA A5 75 R 40 B 55 o . S [ AF
FEA WM, 1200 5 T Bl T A SR R e
DNAFE, SECLCHMERIE. IRNINAFLDE R AR
J&&. NAFLDUARFAE A A M ARFAE, 02— R K 98 0E
ARSI, 7T JE JINASH. VF 22 1F4E & BN 4
2 NEAT B TNAFLDERE, SR170, AL HENALFDIE
FENLEMTIAN 2352, IS 0 7E R LS TING 4 (5
FIEM SNAFLDI R R B H VKA.

3.1 STING/3 %5 i@ % 5 NAFLD#/3%NASH Wang2" 1%k
PINASHEH FRFAEHSTINGAI R I F RIS N, 7+ B 5
JFERIE 98 RERILF AL 7™ B RERE 5 IEARSC. 53 40 TR 52 41
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RIS BFES TINGAS 5 38 B s vl i/ S8 975t
P75 FHINAFLDA/EENASH. M STINGH:Z Al i A
FRANAHAEER = T £ (methionine- and choline-deficient diet,
MCD)E; E e £ (high-fat diet, HED)MEFE /N BUFFIR A
Feife AF4ELRI R AE"". (I, SIENAFLD & A
EL, NAFLD & FPAE 42 STING/K T 1, NASH/M R
JFFIEH cGASHISTING AImRNA /K-t b 1E 355 /) B gt 1,
4k, ZEHFDMEFEIINAFLD/NRR I, STINGIS 5
TEER AT IFHE S TBK IR F3 IR ER AR A 2 3
Traat 7 w7 R I IN A SH R P28 br R Th BE 2
A mtDNA S BB & T 1EH. Mg T
BAETHIATANIERT, 2 E S DNABE LI, #fcGAS-
STINGEH". /)N R AP A ELI A STING-TBK 1-IRF3
FIKK-NF- Bl 2% R0 n) 7= A4 2 Fhgb o e+, s T
MEAFNs). RAEH T o FIEAILEIE H@SMA).
TGF-BFIIATY i JF 2R [T A1(Collal). Horpr, THL RS
K7 = EAE /N T4, SR AT S5 40RE" >,
MaSMA. TGF-B. Collal 3= %t 55 43 il Bk T AR
Y1 fI(HSCs), INEATLF4ELL", A, NAFLD &3 AP
Hh i I B R S BN T M (BRSS9, AT 38K
JESTING-TBK LiE %™, STING-TBK I #% FIH0H AL
S| R ATA QU 25 L, L AN A B 5 Z BRI i T T
FRUST i HARHE T AR M p62/sequestosome 1(SQSTMI)
R, X ENASHI AR ILY), TENASHIE L
A S R R

STINGTEHE /3 A A4, 5 F4EIAH L, STING
T A AT AR B4 (NPCs)Hh FA A0S, A4EKupffer
YA SR R AR B R A(HS Cs), T 45 AH
IS (AR FH R RS T (RS0, 7 4 5 i BE A iy
PEREERS TINGIIHFDEMCD/ 1, Homl A it fmi
NF-«B IR F3 3528 AT ok I ) g D A8 12k - 9%
H/ELAFHEAL S A, H 0 B ZH /N B B BE 2 i A% A
FISTINGRE/INRGE, AT I EHFDMEFE /N G IR A2
PN 9 ™ AN, IX IS TIN G/ B A
FANE S T/ BRUIT Y B Z S TIN G M 4 iy AN
FFSE i, X eegh G STINGAEE T AR/
SE 5 A A AE T P AR S5 40 B p R R A 1 R B
— 3B R AP, STING & BAE EE 4 i b
ik, BLAE AL AT AE T E VLT R (MoMEF), J2E3% #h 41 i
FICD163E NG LE. — X o8BIN AFLD i3 FF A
AW AR, Kupfferdi il FIMoMFZHEH HISTING
FIE 5 RAEFNLF e DIAR S, BRI, 53— LediiE &)
FHASTINGHAZAE T HFL A, J+ HaiBRSTINGE
IRF3 A R AR 2 P SO R 1217, i
Se BB T — Rl AebE, RIZE 4 B STINGRER /N
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TBK 15STINGI# % 41 737 N 5 40 s A7 AR s ik, 0
H111%15 5 1B B 1T LoD BE R S 1 2808 ek A i e
xRN

AR

IRF3FIIRF7#B & 56 R G2 IS () O H A s PR 7,
125 1 BT HERBI R R, HHHIRF3 2 AN
STINGIE SR I NS 55, HERZ ST STING
5518 2 5NAFLDIHT 7t 2 Bl 58S TING-IRF3 T
JE . SRR Cheng 25 R IR E 3G HHHUDIRF3, H'E
A Re A HIRF7R B A AR IIIFNAE 5, LANE RZDN A
RNAJH# RS, ORI T 18 STINGHEEEIRF7HIHLAE].
BE— B T 7T 45 HPTR F7 I STIN GG 05 30 AR
ESIRF3 & FEARALL, (HIRE7 A 5 B0T-52 21 58 7 4% fr 4 i)
UG AR F 0 2 LU IR F3, (HETEIRF7 42 /D T
AR, FTLL, IRFTHESTINGH NS
ST, BAEHIRIET HPIRFTZS SR, FRER
5 A REE AR B U B i E . R
TENASH AR A = 15 = A B (high fat/high fructose, HFHFr)
A FINAFLD/N R AP IRF7EIA I BB, 454
XL, FATTASHEHEWT H STING-IRF7TIE BT th 2 5
NAFLD R AR J&. AHIKIEAT Rtk 5 R SRR L 5
ZULHE.

Zx b, STING(E Sl vl e /- FAF R s

JRAR DL S A A T A s I AR R S AT 2 5
T NAFLDH/EINASHF & A4 K Je.
3.2 STING/Z 5 i #5 5 HCC NAFLD#RZ A] & i N T
AR, NASHFE1E 838 b FH 14 R R Ak THE
0.5%%2.6%2 [A]; AEAFAEHENAFLD & FHCCHI &4
IR, £1790.1-1.3/1000 NEEFER,

STING(E B 25 THCCH R AR RE. KiE
UEHE 7R, STINGAS 5 38 B R 56 H0 1 g (1) R 2, i
DN A RIEAE 2 5] 1 25 VI R 1 243 381 TR 47 1Y)
UESE 5 IEH IR, e g i i 2 v A K )
SAIDNA, WIRKIHIIDNA. mtDNAFIZ Ltk A
B 420 FRDNA# cGAS IS, STING-TBK1-IRF3
MK K-NF-« Bill B30, 7 421FNs, e & K- Hiil
TRIF, Fe 00t Fe 0 40 8 . T S 41 i IR - 3 7 4 Jie e
HZA F FIDCsFINK AR, T8 e S sk R An i
TSR OAR S, VPR sz it — 2B i, that,
FIRBE-PAMURE T DCsHIZAR Sk, IEDCsHI R, i
D CsH IR R F DU F K BIMHCIZE 73 F7ECD8+T4H
PRS2 RS E Y, S iNCXCLY, CXCLI10
A e FRIE . BT ST EL A0 4 7 2 fi
FELAZ, ZRFERIR A A I I B3E L e e R e AR,
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STINGEGFILREF =4 . TS, PAEEEAE s TRe,
B BR AN AR FPIRDN A, (25T 2T
i, A TR gz i,

PRI, WA UEYE R S TINGAE 538 % nl GE /T HE i
R R A RN, t: STING-TBKI-IRE33@ B A 1]
TFN-BRI S R o 1072, WA e g R A T2 e
A& 1(programmed cell death-1, PD-L1)F14H i 25 14: Tibk E2.41
A== 14 (cytotoxic T-lymphocyte-associated antigen 4,
CTLA-4), iX¥85) T 5T L I 32 1R 45 4, I T4
(R0, AT LSRR feah, T BUIFNSEALST
RO S FE A v SR IDN AT, 1 5 5 s
STING, FEKIASRE, JE i 51 &L 4 SRR AN S 0
i, SELRAN A TE L, AN “kAE” Y. F AN, STING
FRIT. Btk AR Tt S = 40 e ThEE™, M
T 2 P ) .

fiTLA, STINGfs S B (EHCCHUT-45 5 BAH T J&
VEF, ELARKZ BT e\ R4 iR 1) R e, (H
FERELE SR HAB T e 2 (R R 1) R JE, IX M RE S5
T AT AR PRI PR SR B %, b B FIML S A e itk —
KI5 2% .

4 1THe

H AT & TNAFLDIFUR IR B R 58 2 IR, “ 2 84T
7 U LT ANAFLD R AL & A2
fil ke, Hh S B AENAFLD R A R @ h ¥y B AN a]
BRERIA A 8. LASTING N X I 0% 15 500 % 2 B i

Z 5NAFLDIRE R E. (H5E, STINGTEFFTH IFR1E
THRFEAE S, H AT EmM AN NFENAFLDH, STING
(IR A R R AR AE I A AR S0 4 Pl 22 B R
Py, A AR 23 BILTE 40 DA A R s 4 i 55 52
YA FIFEAFAES TING IR IE RGBT LAE— 58
FLSTINGIE 58 B 7EAQUTAH G20 M (-4 e T i 24
JHT) R ZH 23 5E B S e A R AR TR, BA XS TINGAE
T S 51 R IX S 2 TR (T TR RS O, KR AE
P30, AT LA AT RS TING A 5l it L% LA
NAFLDIEAMLE, &0 LUNTF R IGITNAFLDIH
TBIT IR AL B RUE . BTUL, FRATTE B DR
A FESTINGSE 5 il % 5NAFLDZ [H] [ K &,
T, KT STINGIS S IHER K AR S FH AT 77 32 24
HTE R (KCF b, R TER A K EIFR
I PAC I FH (8 [ 245470, 5 sh 77 A a1 771, bR k=2
FUESE 2B, STINGAE 5 I 1 1 S £ 1 A2 T E 1Y)
YRR L H BT, 55 T STINGYS 53l B 78 RSB
PRI (R 9t R B4 rppg B M R AHC C B, 5 i3
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AR T H PR B R 24 ) B A 1 S e e
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STINGIE I A& — XTI 81, AT LAd i 3 sl i) ok £
FUARI AR, — 7 THSTINGAS 58 B (1S T LAY S i
FE IR G2 MBS F3, 53— 5 I STINGAE 5% 512 i) 4
i J52 A, AT S S80RE K ) JFR I 0347, B D U 98 i
FE YA, BB SRE T S STINGEIA R 7 AT
NAFLD@& —AMEAFEE— DR 5T [ k. (R Ewt 7t
T H A R R X TR B o e A ) IR
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