-

- 1B = HEE 2 SR 2025 4F 11 A4 22 3855 33 1]

AR ¥ VIR AT AR B AT N Wi PR A PR 22 W 112
Fe 655 STING {55 it i 22 TR SRR 52

| REE AR WM %, T b AR & 7k
B R R 25— B B U - M R B AR, B S RS 830054

(] BB BFFEHDIR B DIBR AR XA GG 195 P 8 (MAFLD ) /)y B HY 1) B0GE A L PR35 5 STING/TBK1/
IRF3/NF—«B {5 538 M AL AT AE CIk . 773K B SPF 2% 6 A HEYE CSTBL/6 /N 18 H, Hie B BEALA 7
K H A s pxt B (6 H) (s BEREARLZH (6 H) HiPIR B VIBRARZH (6 H) o 25 PN BEZH 45 7538 fnDRL R 5% 5 5 AR A
RV AR B UIBR AR L0 3 45 7 = BRIRDRI R SR, 8 TS HletR B VIBRARZH/INEUA TR B TR AR o 4 A 3o B AR
DTS S R 7 22 I ( ALT ) R A& SRR % 2l (AST) L H I =18 (TG) LBV IR FEBE(TC) A% B2 i 2 11 AR [ B (LDL-C) |
o 2 B iR AR 1 JE T A (HDL-C ) (25 JE WS (FPG ) B2 28 IR B 5 3 /KT (FINS) 45 LIS 748 b s ELISA 3R/ B4
LU TP (IFN) - JFN-B 8 IR BE -~ (TNF-a) | (40 LA R (L) -1 1L—4 . IL-6 J 1L-10 7K ; Western
blot ¥} RT-qPCR il STING \TBK1.IRF3 .NF—«B Z [l mRNA ik ; HE L A HHEL O Gy @A IEH 2,
LR o5 IR L, ALT AST .LDL-C . TG . TC .FPG \HOMA-IR .FINS .IFN-B . TNF-o . IL—1 . IL—6 7K F+ 75,
HDL-C.IFN-a IL-4 .IL-10 7KV FEAR (P<<0.05) ; 55 & B AU 20 L85, wietk B DI BR R4 ALT (AST .LDL-C TG .TC.,
FPG .HOMA-IR .FINS .IFN-B \TNF-a .IL~1 ,IL-6 /K&K, HDL-C . JFN-o \IL—4 . IL-10 7K F T 5 (P<0.05) . 5725
0 R 2 HO A, v I A A 20 JIF 20 40 STING . TBK 1 IRF3 \NF—«B 2K 4 1 mRNA 35K F-TH R (P<0.05) ;5 F IR
T oA, iR B VIBR AR 4L 4140 STING \TBK1 . IRF3 NF-«B & [1F1 mRNA kKPR (P<0.05). it #h
AR E VIR A R0 STING/TBK1/IRF3/NF—«B {55380 [ (16 P4 , W ST S AE S, e A R 2R L L 4 s %0 %
Al REAEHICR B VIBR AR % MAFLD Hh & E/ER] .
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Study on the remission effect of sleeve gastrectomy on metabolism
associated fatty liver disease and its association with changes in the

STING signaling pathway

ZHANG Shuo LIANG Guanyou DU Chenhui Shadike Apaer CAO Xinling

Hepatobiliary and Laparoscopic Surgery, the First Affiliated Hospital of Xinjiang Medical University, Xinjiang Uygur

Autonomous Region, Urumqi 830054, China

[Abstract] Objective To investigate the ameliorative effects of sleeve gastrectomy on a mouse model of metabolic associat—

ed fatty liver disease (MAFLD), and to explore its potential association with changes in STING/TBK1/IRF3/NF-kB signaling

pathway. Methods Eighteen SPF —grade 6—week—old male C57BL/6 mice were divided into blank control group (6 mice),

high—fat diet model group (6 mice), and sleeve gastrectomy group (6 mice). The blank control group received standard chow;
(BT A] 4 aR I b 7w A i 5 B i6 E 2K 8 s S25 while high—fat diet model group and sleeve gastrectomy group
FEHRAT B H (SKL-HIDCA-2023-26) ; i ERI K F5E— received a high—fat diet, after 8 weeks, mice in sleeve gastrec—
Nt & s B “ B R E AL B L 40 F 30 H (2024YFY- tomy group underwent sleeve gastrectomy. An automated ana—
QKMS-04 )o lyzer was used to measure serum alanine aminotransferase
[{EZ B /] 5K (2000.3-), 35, Fim ER K5 —IGKE (ALT), aspartate aminotransferase (AST), triglycerides (TG),
2R 2023 ARV AE AR LAY 2R, M E AL total cholesterol  (TC), low—density lipoprotein cholesterol

WANEVIFSY TAE (LDL-C), high—density lipoprotein cholesterol (HDL-C), fast—
[BIREE] B He(1981.1-), B i+, B AL E W, Bl ing plasma glucose (FPG), and fasting insulin  (FINS). ELISA
5, FE R E AR A was used to measure the levels of interferon (IFN)-a, IFN-f3,
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tumor necrosis factor— o (TNF-a), interleukin (IL)-1, [L-4, IL-6, and IL-10. Western blot and RT-qPCR was used to measure
the expression levels of STING, TBK1, IRF3, and NF-kB protein and mRNA. Liver histology was evaluated by HE staining
and oil red O staining. Results Compared of blank conirol group, the levels of ALT, AST, LDL-C, TG, TC, FPG, HOMA-IR,
FINS, IFN-B, TNF -a, IL-1, and I1.-6 of high—fat diet model group increased, while the levels of HDL-C, IFN-a, 11.-4,
and IL-10 decreased (P<<0.05); compared with high—fat diet model group, the levels of ALT, AST, LDL-C, TG, TC, FPG,
HOMA-IR, FINS, IFN-B, TNF -a, IL-1, and IL-6 of sleeve gastrectomy group decreased, while the levels of HDL-C,
IFN-a, IL-4, and IL-10 increased (P<<0.05). Compared with blank control group, the expression levels of STING, TBK1,
IRF3, NF-kB proteins and mRNA in liver tissue of high—fat diet model group increased (P<<0.05); compared with high—fat
model group, the expression levels of STING, TBK1, IRF3, NF-kB proteins and mRNA in liver tissue of sleeve gastrectomy
group were decreased (P <<0.05). Conclusion Sleeve gastrectomy alleviates liver inflammatory responses and improves
metabolic disorders by inhibiting the activity of the STING/TBK1/IRF3/NF-kB signaling pathway, suggesting that this
pathway may play a role in sleeve gastrectomy’s remission of MAFLD.

[Key words] Sleeve gastrectomy; Metabolic associated fatty liver disease; STING signaling pathway; Metabolic disorder;

Inflammatory response

FRHFRSNE D PEIT (metabolic associated fatty liver
disease, MAFLD ) & 2Bk e i UL A0 8P P 2 — , JUH:
SETEAEEEGRE AR, BRI TR EIR50.7% , B K
Ry A ERAE R R PRERY. S1E5g0E AR MR
Wit 9% (non—alcoholic fatty liver disease, NAFLD )AH
Lt , MAFLD S sm il SRR A IC R, 5 TR
IHER BRI DARFIER . MR S VIR ARAE A —F A 2%
PR TFA, SRRSO S A E i
XF MAFLD 7 A E IR, R0, w8 VIERA anfaria
i FHLEI CE MAFLD A% B /2, U HR H 545
PEAQEIRFE RO R AT it —RiE . 98I, STING
{7530 % AT BETE MAFLD B9S2 b R E S E/EH 8
PEEGE AR DNA (IR, P84 SORE IR i 8, i
TR ARG BT IR 4757, AR ST A% MAFLD
/NERARERY, RHIR E PIBR AR J5 STING {5538 % 1
RHEE A mRNA RB784k, 255 A6 b5 Fl 2 E
K530, W1 APARFZ A 538 e IR B YD AR 22 i
MAFLD Hg EM , iR B PIERARIGYT MAFLD (941
il S At o ds .

1 & 5FH%
1.1 E%h

SPF % C57BL/6 MM/ NG 19 1,24 6 Jilik,18~22 ¢,
WA 9 s R 27 S g s s, SE s s A 7 1]
WES - SCXK GHT )2023-0001 , SE36 3 #y i 7 Al 3iE - «
SCXK (G )2023-0004, 5255 50 ) A A% 1IE*5- : 004120250
07216, ABFFELFHRERR S5 — M s = B FE 22
B12AEE(20250422-10)

1.2 ZZAE 5KA

4 H A BT (12 [F Siemens Healthineers 2y
A, A5 : ADVIA 2400) 5 H3 UKAX (b S MpAOREE % e
ABRAF] 5 H2050R ) ; S UG R G (K Rt

HA B, S Tanon 1600); PCR {X (3 [E Bio-Rad
N ], B1AS . T100™ Thermal Cycler), STING . TBK1 .
IRF3 NF-kB.GAPDH K Il SEHi % TG (H ik + FhE)
BRAR L AL Wb IC — R BTIR [Goat Anti-Rabbit IgG
(H+L),Horseradish Peroxidase Conjugated Secondary
Antibody, Goat Anti-Rabbit IgG (H+L)-HRP|¥j g F |-
MR AR R AR (525 : DF12090 .DF7026 |
DF6895 AF3895 AF7021.,80001) . T4 % (interferon,
IFN)-a IFN-B R R FE Rl T —o(tumor necrosis fac—
tor—a, TNF—a) , F{ il ifd 41 3% (interleukin, IL)—1.11-4 |
IL-6 TL-10 i K S 75 W B 18 5 3550 s 249 0 A 5% [
R&D Systems 247 (5545 :MAB109 . MAB185.DY410,
DY401.DY404 .DY406.DY417),
1.3 £y m R A7

18 H 6 JEiy SPF 2 C57BL/6 HEE/IN B ) 7E ik
BERF R 2928 sh Yy b iR 3R R IREIR, A R RRR IR
Ko ARUETRDRE B PERR SR 1R85 S, MAFLD #i81,
FIRBEALEC A SRR s X IR (6 ) (s lis
BRI (6 H) AR IE VIR AR (6 H) o 25 XS IRA 45
T R SR TR AR A R B DI BR AR A4
Tt e SR 8 JA L 8 R SR B IR AR A AT AR
1697, RHIAEE 8 h, {1 5 U0 AR, >R B i
EREIEANE, TR Az B R O M
IS, T A S PAT A, AR =KD B L T 6-0 AT
W R AE SR H o 3-0 224 G NR BB AIL , 4-0 224%
] TAE 5 B2 R, AR AR SLMESR = IR k) 8 A
1.4 WIRIEATBAR R 7 %
1.4.1 fn & 2 35 Ar A 0 W/ INBUER bR I, 45 P42 A 3
A3 BT AR I 9 &8 5% & I (alanine aminotransferase ,
ALT) REE it i aspartateaminotransferase, AST ).
B =B (triglycerides ,TG) | ot IH [ B (total choles—
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terol, TC) % B2 i 25 11 IE [ B (low—density lipoprotein
cholesterol, LDL~C) 5% & i 25 F IH &5 ( high—density
lipoprotein cholesterol, HDL-C ) . %5 i il }¥ (fasting plas—
ma glucose, FPG) a3 E RS %= (fasting insulin, FINS ) 7K
I G2 AEhR. 118 HOMA-IR=(FBG x FINS)/22.5,
1.4.2 AF 40 48 ok 3 e B 7 A AR i 3500 8 15 B 45 0
%€ IFN-a IFN-B . TNF-a \IL-1.IL-4 IL-6 .IL-10 f#
e

143 MR AR REL 6 NRIFIEAL L 4% 2K
PR 12 i, RURHHEA T I K R A i s ) 7\ R
JE AbFRAE . AR LMK S , 31T HE Jefh
FNMEL O Yefa, W is T U/ NI Z 21

1.44 Western blot % #& Wl AF 40 44 & STING/
TBK1/IRF3/NF-xB & &%k $MUTFHLL BN, (1
FH BCA & i, SDS-PAGE HLIKJ5 % I % PVDF i,
Ay SEE —PL: STING(1:1 000) \TBK1(1:1 000) .IRF3
(1:1 000) NF-kB(1:1 000) 5 1 GAPDH(1:5 000),
PN Goat Anti—Rabbit IsG (H+L)-HRP(1:5 000),
ECL 85 i k22 OGS R G 43 B K FE(H

1.4.5 RT—qPCR 3 4 M AF 41 4 & STING/TBK1/
IRF3/NF—xB mRNA &3k H e MNIHFHL P BUS
RNA , Ffil i [ 5 5 R 0K RNA #5468 ¢DNAL #R)5
i TaqMan #REF#E4T qPCR &, SRAVFERIES 1Y)
K STING ., TBK1.IRF3 Fl NF-kB mRNA [ £ ik .
RT- qPCR JZ WK & : & ¢DNA &R 2 pl, 1E 1 5]
Y145 0.8 pl.2 x TagMan Master Mix 10 wl, Jo#%ERMEE /K
FNFFE 20 wl; SOV ERFE A 95 °C 10 min, K5 95 °C 15,
60 °C 60 s, fFHR 40 K. Ll GAPDH N2, R H 2724
BATEARN RIE i IS & AN E . 519
fRREWE 1,

=1 s¥ER
FEF AR 519 F51(5°-3") 51 (bp)
STING  IE[A3]%: AGTGGAGGCCGGTGTTTAT 22
514 : CAGGAGCTTGGGACTACAG 22
TBK1 E 514 : AGCAAGGCGAGTGGAAATG 22
1514 : TGTCCAGACACTTGGAGGAG 22
IRF3 EM514): AGAGGAGGACGGAGAAAGGA 22
K514 : CAGGTGGTCTTGGGAGGTT 22
NF-«kB  IEME5[#: TTTGGAAATGAGGAGCGAG 22
RIA51% : GGCGAGGGAAGTTGTTGTT 22
GADPH  1E[[3|4:CGAGATCCCTCCAAAATCAA 24
F2 18514 : GACGGACACATTGGGGGTAG 24

15 itk
K 1] GraphPad Prism 9.5.0 3K {F-E 47 504 43 #r
PHEEGEORER A £ ARk 22 Cos ) 2R, Z AR
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PR ZE 7 25500, AL IR FLBCR R ST REAR ¢ K256 LA
P<0.05 AESAGIFE L.
2 &R
2.1 A RAT AR5 ARk

SO A A, mlEBAIZ] ALT A1 AST 7K
TR (P<0.05) ;5 IR AL g, wietk B IR A
ZH ALT F1 AST /KPR (P<0.05), WA 1,

80T 80T
60F j—[_ 60
=) | jum) L
g 10 Z 0
< = b
b
20t 200
0 ; : . 0 : :
T8 & U R
& W S
i s & 23 B L
N N

525 X IRAL U3, P<<0.05; 5 i IR A 4 L3, "P<<0.05, ALT: N
RAIREE RN ; AST: KA AR A
Bl 1 &HANRIFLhEEIEIREE B (n=6)

2.2 &40 KSR AR AR L AR

Ha XA, miEEi A4 LDL-C. TG . TC
IKFFHET , HDL-C KPR (P<<0.05) 5 5 i R AL 2
Feds, wiek B YT BR AR 4] LDL-C . TG .\ TC 7K - B A%
HDL-C 7KFEF+H 5 (P<0.05). WL 2.
2.3 &4 RAE R AR AR LR

HaEXT A L, MRz FPG . HOMA-IR .
FINS F+5(P<0.05) ; 5 = BRI ZH LU, MR ' D15k
R4 FPG . HOMA-IR .FINS [#{(P<0.05). WKl 3.,
2.4 Bt ST LR LR Ko B F R rb gk

525 AR R LU, AR AR ZH IFN-B \TNF-ac
IL-1.0L-6 7K F JF &5 s IFN—a IL-4 . IL-10 7K - [ ik
(P<0.05). SEfaa e, itk B VIR ARLLIFN-B |
TNF o IL-1.1L-6 7K F- B ; IFN-a  IL-4 . IL-10 7K
TR (P<0.05), LA 4,
2.5 BB FAT 4L LR g% B

Xof REZH I 65 A R, T 20 B HE S X 2%, T RO
YRR SRR TR o (BT AR 250 2550, 2
i BRI 30 , RE A R f R B ™ B A
RS VIR A AT IEZS A 7, A HES B 5%, R AE
2 L Vi i >, T S B /MU e B R TR



i EE 25 S4R 2025 4F 11 A% 22 555 33 1

A

A WA, ULEL S,
2.6 &40/ § STING.TBK1.IRF3 NF—kB %& & % ik
Zet2d

Ha XA, AR STING [ TBK1
IRF3 NF-«kB H HEKIE T E (P<0.05); 5 = el 4
Fe#s, #CIR B YIER AR 41 STING . TBK1.IRF3 .NF-« B
HEHFRAEME(P<0.05), WK 6,
2.7 & 48> & STING.TBK1.IRF3 NF—kB mRNA
P&

Ha XA R, =R STING [ TBK1
IRF3 NF-kB mRNA ik F 5 (P<0.05) ; 5 = f 5 Al
ZH P AL, BIDIR B VDB R 2H STING \TBK1.IRF3 .NF-kB

- F
mRNA kAL (P<0.05), WK 7,
3Tt

ARG 3 EHEST MAFLD /N U RY  SEAS HipHR B
VIBRA A R IE A TR | S8 RE I I B A Qi 25
LA AIVEH , ISR 5 STING/TBK1/IRF3/NF-«B
{5530 I R 11 5 mRNA B3R358k, 2550 R,
MR B VIBR A S5 1245 58 16 2 1 & mRNA Rk 7K
TR, 7R STING {5553 1% o] REFEHIIR B YIBR A 2%
fift MAFLD i 2 b & #5 E ZJREEH .

STING 15 38 BAE A 41 L N DNA S8R K032 14, 78
AR 2L A A D s A B A s i . LR
Ui TBK1 W] 38 o 5 0R AB0OE IRF3, 3 3l e s S by &

8 15 20
6 —I— 3 1 15 “
~ s - - i ~ T
= § 10 T b 5 é =15
E g il [ £ £
Eyq = PR =% S £ o}
7 h i I 1
i} — a = b = b
= i = 2 3 T
2| - -+ 2 s s y; i 1 T =
2 I 5k [EE
0 L 0 L £ 0 <‘§
R &S & @ RO & §F ¥
7 & oS & PR wo o &
& N N N
528 (X IR L3R, "P<0.05 5 5 AR BRI A LU, "P<<0.05 LDL-C. - I %5 B 8 2 (1 I [ s HDL—C 72 %% B2 i A AR B 5 TG - vl =5 TC
I
2 FHNMREERBHERIER (n=6)
15¢ 15 60
10F J— 10 F . 401 _‘_
g b == ! E b
E T < T E!
E = i A i
o A & 2 =T X 5 g = % i
= 5F J— 5F 20F
0 '\& \'é 0 L L 1 0 ' L
& & F & & & & & &
A g R 3 i A . &
R F &S F & &

5oz xR AL, 'P<<0.05; 5 IR AR HE A, "P<<0.05, FPG . 23 & 1A ; FINS . 25 i) 25
B3 &BANREREHEIRIEE (1=6)
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23 UG AR ZE R AR B IER AL

LT O Yetn, B
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