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Fumarate attenuates intestinal ischemia-reperfusion injury by
suppressing cGAS-STING -mediated necroptosis
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Abstract

Objective: To investigate the protective role of fumarate, a key tricarboxylic acid (TCA) cycle
metabolite, in intestinal ischemia-reperfusion (IIR) injury and to explore whether its effects are medi-
ated through the inhibition of the cGAS-STING-mediated necroptosis pathway. Methods: In the ani-
mal experiment, C57BL/6J mice were randomly divided into a sham group (S group) and an IIR model
group (IIR group). After modeling, intestinal tissues were collected for histological evaluation using
HE staining and Chiu's scoring. The expression of fumarate hydratase (FH) was detected by qPCR,
and the activation of cGAS-STING and RIPK1-RIPK3-MLKL signaling pathways was assessed via

Western blot. In the cell experiment, IEC -6 cells were divided into four groups: control (Con),
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oxygen-glucose deprivation/reoxygenation (OGD/R), OGD/R + fumarate (monomethyl fumarate,
MMF), and OGD/R + MMF + STING agonist SR-717 (STING activation group). An OGD/R
model was established. FH expression and signaling pathway activation were analyzed using qPCR
and Western blot, respectively. Calcein AM/PI double - fluorescence staining was used to evaluate
necroptosis. Additionally, AlphaFold was used to predict protein structures, and AutoDock was em-
ployed to simulate the molecular docking of fumarate with target proteins and observe interacting resi-
dues. Results: In vivo, the IIR group exhibited significantly more severe intestinal injury compared
with the sham group, with decreased FH expression and enhanced activation of the cGAS-STING and
RIPK1-RIPK3-MLKL pathways (P<C0. 05). Similarly, in vitro, OGD/R-treated IEC-6 cells showed
decreased FH expression and activation of necroptosis pathways. Exogenous fumarate (MMF) treat-
ment reversed these changes, while the STING agonist significantly attenuated the protective effects
of fumarate. Molecular docking results revealed that fumarate could stably bind to target proteins.
Conclusion: Fumarate alleviates intestinal ischemia - reperfusion injury by suppressing the cGAS -
STING pathway and downstream necroptosis signaling mediated by RIPK1-RIPK3-MLKL.
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W REE

2.4 STINGHZIFFEHEPRBRORPER H
I 3IF 9 B R 2 2 75 8 3 cGAS-STING i J% & ¥ 1E
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Relative protein expression
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RE & W B INIH o SEEH R R AE S TCA I ¥ () & 2 h
] 7= 4, Bk 2 55 B AR A0, 78 it 28 580 i rh 3R
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il v R i RS B R SR B
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RIPK3 Al MLKL {5 5 5l () F2 )7 P 4 i st - 75 =X, 3
HIRFEFPE TR AE o 508 TR [H], IR FEvE I 12 &
AN M PSS 0 R 1 ke G R v R A it DA TR ) £
BURAE SV o Bk B 2 A 5T R W, SR P81 R T A
ITR i F2 o % 4 B 34 Fl——RIPK3 8 MLKL k[
(/0 BRUOGE TIR B A 25 i fi 468 3 B8 0, 38 7 1% 0 %
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P, IF$E 7R FLRT R AE S R ok TIR YA 7 (14 8 AR i 4
W2,

SR AW FRANAFAE — 5 SR PR . — D7 T,
cGAS-STING J& 75 i i P 4% 8 ¥ RIPK1-RIPK3-
MLKL fli A 5 SR 50 08 7 i T 2 — 25 ML 50 30E 5 55
—J5 i, FE B R BR 5 STING B 45 4 Bkl 1t 4> 1
Xof 42 WO 2L 25 G v ) L (R B = A ) i B el b S
0 (4 2% A B LR | e s LU E SR ) 3E — DAk
UE o BEAM, AR FH 3 PR g o 455 78 50 3iF 4E ) 2% 1R
R B A5 7E TIR A% 5 BEAE T, IR B3l 22 116 PR B AR 32
FeF X 45 R b — 8otk . RSk IF AT gt % T

000 IR T A W A 4 B, F — 25 B i S B R R 7
TR H B 8 45 AL S H 1 g .
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