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[Abstract] Objective To explore the role and mechanism of interferon regulatory factor 7 (IRF7) in regulating
Methods
(1) Animal experiments: Thirty male 4- to 6-week-old C57BL/6 mice were randomly divided into a sham operation (Sham)

caspase-11-mediated non-canonical pyroptosis in mice hepatic ischemia-reperfusion injury (HIRI).

group and reperfusion 2, 6, 12, and 24 hours groups, with six mice in each group. The reperfusion 2, 6, 12, and 24 h groups
underwent a 70% hepatic ischemia-reperfusion (IR) model, which involved clamping the middle and left hepatic lobes
with an arterial clamp for 1.5 hours, followed by blood flow reperfusion at 2, 6, 12, and 24 hours time points after releasing
the clamp. The Sham group mice underwent laparotomy without vessel clamping. Liver tissue and serum were collected
at 2, 6, 12, and 24 hours of reperfusion, and the mice were sacrificed. Transcriptomic sequencing and data analysis of
liver tissue from the Sham group and reperfusion 6 hours group were performed using the Illumina sequencing platform.
Immunohistochemical staining was followed by light microscopy to observe the positive expression of IRF7 in each group.
Transmission electron microscopy was used to observe the ultrastructural changes in liver tissue cells in each group. Western
blotting was used to detect the protein expression of IRF7, caspase-11, gasdermin D (GSDMD), GSDMD-N terminal domain
(GSDMD-N), and interleukin-18 (IL-1B) in liver tissue from each group. (2) Cell experiments: The mouse AML-12
hepatocyte cell line was transfected with IRF7 overexpression plasmid, knockdown IRF7 plasmid (shIRF7), and
corresponding empty vector (NC), respectively. The cells were then subjected to hypoxia/reoxygenation (H/R) treatment,
and divided into the following groups: shIRF7 NC+H/R group, shIRF7+H/R group, IRF7 overexpression NC+H/R group,
and IRF7 overexpression+H/R group. Western blotting was used to detect the protein expression of IRF7, caspase-11,
GSDMD, GSDMD-N, and IL-1B in each group of cells. Immunofluorescence double staining was followed by inverted
fluorescence microscopy to observe the co-expression of caspase-11 and GSDMD in each group of cells. Inverted
microscopy was used to observe the survival of cells in each group; the content of IL-1f in the supernatant of each
group of cells was measured. Results (1) Animal experiments: Preliminary findings from transcriptomics sequencing
revealed that the expression of IRF7 mRNA in the 6-hour reperfusion group was significantly upregulated compared to
the Sham group. Light microscopy showed that IRF7 was mainly localized in the cytoplasm and nucleus; at various time
points during reperfusion, the expression of IRF7 in mouse liver tissue cells was upregulated compared to the Sham group,
with the highest expression at 6 hours of reperfusion [IRF7 (4 value): 0.59 £0.04 vs. 0.04 £0.01, P<0.05]. Transmission
electron microscopy revealed that at various time points during reperfusion, mouse liver cells exhibited varying degrees of
nuclear membrane damage and rupture, mitochondrial swelling, and cytoplasmic vacuolization, with the most pronounced
changes observed at 6 hours of reperfusion. Compared to the Sham group, the protein expression of IRF7, caspase-11,
GSDMD, GSDMD-N, and IL-1B in mouse liver tissue was upregulated after reperfusion in all groups. Among these, the
upregulation of IRF7, caspase-11, GSDMD, and GSDMD-N proteins was most pronounced in the 6 h reperfusion group
[IRF7 protein (IRF7/GAPDH): 0.59 £0.06 vs. 0.38 £0.02, caspase-11 protein (caspase-11/GAPDH): 0.424+0.01 vs.
0.15+0.01, GSDMD protein (GSDMD/GAPDH): 0.60 +0.02 vs. 0.11 +£0.01, GSDMD-N protein (GSDMD-N/GAPDH):
0.66 £0.03 vs. 0.35 4 0.03], while IL-18 protein expression was most markedly upregulated in the 12 h reperfusion group
(IL-1B/GAPDH: 0.64 £0.01 vs. 0.1540.01), all P<0.05. (2) Cell experiments: Compared to the IRF7 overexpression
NC+H/R group, the protein expression of caspase-11, GSDMD, GSDMD-N, and IL-1p was upregulated in the IRF7
overexpression+H/R group (all P<0.05). Compared with the shIRF7 NC+H/R group, the shIRF7+H/R group exhibited
downregulation in the protein expression of pyroptosis-related proteins caspase-11, GSDMD, GSDMD-N, and IL-1$
[caspase-11 protein (caspase-11/GAPDH): 0.5940.05 vs. 1.0240.06, GSDMD protein (GSDMD/GAPDH): 0.87 & 0.04
vs. 1.09 £0.05, GSDMD-N protein (GSDMD-N/GAPDH): 0.38 +0.05 vs. 0.80+0.04, IL-1B protein (IL-13/GAPDH):
0.81 £0.03 vs. 1.02£0.03]. Additionally, the number of caspase-11/GSDMD double-positive cells decreased (average
fluorescence intensity: 45.5046.59 vs. 61.83 £8.93), while the number of viable cells increased (15 54941962 vs.
9 675 %3 460), and the IL-1B content in the cell supernatant decreased (ng/L: 147.60 £ 19.36 vs. 253.70£23.96). All
Conclusion IRF7 aggravates HIRI in mice, which may be
related to the non-classical pyroptosis promotion mediated by caspase-11.
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differences were statistically significant (all P<0.05).
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1.2 20 : DMEM 40 i 55 97 5 1 0.25% Jik
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(100%95% . 80%) 5K, I FH & kil 20 BB £6 92
g ( phosphate buffered saline with Tween-20, PBST)
PR T 95 CoKit AT R 2% vh s Wi (pH {Eh
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Pk iz 558 Jit L 3K (sodium dodecylsulfate-polyacrylamide
gel electrophoresis, SDS-PAGE ) kb, B¢ 55 H #%
B ER M IR L, 5% BRI = @A 1 h,
JHE 4 C T SHUIRFT B caspase-11, 5T GSDMD
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5mg/L 4", 6- KL -2- RIS (4", 6-diamidino-2-
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$F  ULEE A BAAT RS I IR, Bl 21 T4 M4
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gt ot AR 3T BORHIR I IEZS 53040, LAY
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2 F R
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IL-18 S RT UL R 2 S A A 45 SR I A L 3
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100 -
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B

Slcl6a9
Slcl7al
Pbld2 1
Lgrs
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1
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Zfyvel
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B 1110
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Shamél FELEG bl

1 BT (Sham 1) SHHETE 6 h 41/ EUIFIER]
e SR LH I Y i (A) RIS (B)

22 BA/NRITHLUIRFT IRE (R 1; K 2) : %
PELH AU Y 4R R TRF7 3552 A7 T 40 M 5 A4
MaAZ b, P A B R BR L N, IRFT7 A R IA
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R1 HHENRIFHELRA IRF7 HERIAKFELLE (A E,x +5)

217 S (R) IRF7 PHEEE
Sham 41 6 0.04+0.01
T 2h 4 6 0.14+0.03*
THEE6h 4] 6 0.59+0.04
T 2h 6 0.39+0.02?%
P 240 A 6 0.17+0.03 2
F1H 95.750
P <0.001

1T : Sham SHETAR, IRF7 TR T 75 5 Sham 0 1L
&, P<0.05
2.3 HA/NRIFAMAET BN (K 3) - d A
BN W, Sham ZH FF40 AV 2 G025 F4 R D0 B I e
B, PRV T A 2 200 B 8 A AN [ e A A
%L, SRR K . M BT 2s vt dk, DAFHERE 6 h .

Sham#

L A o

2 OUBEN WS /N FUIT

THETE2 he] T

24 B H/NEAFH L IRFT . caspase-11, GSDMD
GSDMD-N Fl IL-18 HHFIL (K 2; K 4) : 5 Sham
ZHANHE , FRE I TR BREE N IRF7 | caspase-11, GSDMD
GSDMD-N Al [L-18 & FFRTHE (¥ P<0.05),

2.5 IRF7 i % j5+H/R 4t B J5 AML-12 40 fifg
caspase-11, GSDMD, GSDMD-N Fl IL-18 2K 4 # ik
(£3; K 5): 5 IRF7 & %i5 NC+H/R 4AHLL, IRF7
i # ik +H/R 4 caspase-11, GSDMD ., GSDMD-N il
IL-1B Rk 1 (¥ P<0.05), £ W] IRF7 i
IR AT HEGE caspase-11 /AR SN AE TR A2
2.6 IRF7 # fik % 35 +H/R &b B 5 AML-12 41 jitg
caspase-11, GSDMD , GSDMD-N Fl IL-18 2K 4 # ik
J caspase-11/GSDMD X GIHEZRAEAS L : 5 shIRF7
FHEEEI2 he

-

FHEA24 hifl
i

e,
A
LR N e o 2L gt

£ AL ¥ FoRyedd N > AL E e NN PRV 3 2 /
AT PRI F 7(IRE7) %Kik BFAR (Sham) ZAF414T IRF7 JGIA B 458 5 BT 2. 6. 12, 24 h 41 IRF7

FEIRIYHE Sham 20 0 FHE08 , DIFETE 6 h #63A 5 ; FRHEVE 12 h F1 24 h 0 BERETER R IRF7 ZER0RBEEWT B, SR RMKHEIE 4

PEHAU A PATIOR

Sham# TR hal

X

FE

FRAEE12 hafl FHRET24 hefl

74

3 EGTRE T EEA AN U ET A2 TR (Sham ) ZHT2H VAN 04 IV B S R AR DB e 5 5 TRV 2. 6. 12, 24 h 11T
LAV N LA N, W] LR K | AT (B (R S 7R ), R 8B iR L 2 B i 22 (il (i S i ), ST 1A PR 4 A e 2R T
DB 212530 (LR TR ) 5 BRI TR e IR 6 h W TR, B MR 24 h R B Bkt @ <10 000

K2 HHENRITAL IRFT. caspase-11. GSDMD . GSDMD-N. IL-18 EEFRIALLE (x +5)

215 AL IRF7 & caspase-11 &[] GSDMD & [ GSDMD-N & IL-1B &E
(R) (IRF7/GAPDH)  (caspase-11/GAPDH) (GSDMD/GAPDH) (GSDMD-N/GAPDH)  (IL-1B/GAPDH)

Sham 2 6 0.38 +0.02 0.15+0.01 0.1140.01 0.35+0.03 0.15+0.01
FREE 2 h 41 6 0.46+0.02* 0.37+0.01° 0.56+0.02* 0.33+0.04 0.36+0.02"
TH#EFE 6h 4l 6 0.59+0.06 " 0.42+0.01? 0.60+0.02* 0.66+0.03* 0.61+0.03*
BT 2hv 6 0.49+0.02* 0.25+0.02" 0.52+0.01* 0.52+0.03* 0.64+0.01*
BT 240 A 6 0.44+0.06* 0.38+0.02* 0.54+0.01* 0.58+0.02* 0.15+0.00
FAH 28.100 180.100 660.600 97.200 826.900
Pl <0.001 <0.001 <0.001 <0.001 <0.001

1 2 Sham SHFA, IRF7 R THLEPHTTH T 7, caspase-11 R KA BRFr S F W& R B A 11, GSDMD i £ % D, GSDMD-N
GSDMD-N FKIBZEIER, IL-18 N 41/ 25 18, GAPDH Jy 3-Bia HmBs i & ; 5 Sham 4 HLE:, P<0.05
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g FREECE  FAETE MAETE WREE AEXES
fibn Sham#l 0" Gha 1oh#l 24h TRE

IRF7 55000

caspase—11 45 000

GSDMD 53 000

GSDMD-N w—— A —— 0 000

IL-18 30 000
GAPDH M — - )

 : Sham AEFAR, IRF7 A PRI F 7, caspase-11 KR4
AR SR E R 1 11, GSDMD My % D, GSDMD-N Jy
GSDMD-N “Rim&5H3, IL-18 “ F 41/ % -18, GAPDH 2y 3- fi
e I S
4 HE A FE R LS (Western blnning) K234 7N Bl
HF4141 IRET | caspase-11, GSDMD Fl IL-18 & 143k

e IRFTEFIENCH IRF7ak iR+ %4
b H/R#L H/RAL TR
caspase-11 | _ 43 000

I IRF7 TR ZA I 7, NC 25400088, H/R i / 4R,

caspase-11 9 KA Z IR e M1 R R 25 11 11, GSDMD i ¢

# D, GSDMD-N 34 GSDMD-N A Ui £ 445k, 11-18 A H A2 -18,
GAPDH >} 3- i H vl e Jid S it

B 5 AR ENT I (Western blotting ) £l TRF7 i3 ik
NC+H/R 445 IRF7 33635 +H/R 4 AML-12 il caspase-11
GSDMD ., GSDMD-N FI IL-18 #& [143ik

NC+H/R 204 e , shIRF7+H/R £ caspase-11 GSDMD
GSDMD-N F1 IL-1B & FH ik T 8 (¥ P<0.05;
2 4; 8 6), caspase-11/GSDMD RL7¢ 't [ 241 Jifd 75
W (P<0.05; 3 55 7). RG] IRF7 3Rk 7]
TR caspase-11 ISR AE I AET

shIRF7 NC+

o ShIRF7+ HFoy
i H/RL

H/R# IR
caspase—11 43 000

GSDMD 53 000

GSDMD-N 30 000
IL-1B 30 000

GAPDH 37 000

i+ shIRF7 AR T T 7, NC 28400 18, H/R 4 /

4, caspase-11 N RAGAFE MR E HEF 11, GSDMD N

W% D, GSDMD-N i GSDMD-N A fi&bAaiel, -1 M 40
K-1B, GAPDH Jy 3- B HH M i = i

6 TE BT REEN RIS (Western blotting ) #:il shIRF7 NC+
H/R 415 shIRF7+H/R 41 AML-12 4iJif caspase-11 .,
GSDMD , GSDMD-N #1 [L-1B ik

2.7 IRF7 @ik F3A5 +H/R AR5 AML-12 447G
THoE (R 5 K 8) . B & W ilE: W/, 5 Sham 4H
AHLE, 50 H/R Ab S 20 MOAAE St sl b , 4i i 3
IL-18 & &I (3 P<0.05); 5 shIRF7 NC+HR 41
FH L, shIRF7+H/R 41 4 Jd A7 1% B0 A7 R T
Y135 1L-18 Frad s (33 P<0.05). KB
IRF7 Fk P A 20s A H/R BT 4n i 5473
3 4t

HIRI J& JHME SRR S A i L LM L 4 1) 5
AHFHITIFRIE , SR, XTI — 5 UL IR I R RE A
HEWR , B g = A 80 T T B, A UEZ Bk
FERFFE SRS, HIRT 7E PR 6 h B0 058 ™ 8
HIRF1 it Z wALHI S5 HR s R 7 AT
i 260 HIRT /N BR85S AR AL B 1E 5 A1 4Lk
ATHCXT G S LMY #2007 16 2 B IRF R 0% Hh )
SN 00 IRFT 7E HIRL A b 3 B, T RE R

£ 3 &4 AML-12 405 caspase-11. GSDMD . GSDMD-N 1l IL-1p EHFIELLER (x +5)

3] FLEL caspase-11 & [ GSDMD GSDMD-N & I-18 HEH

- ($L) (caspase-11/GAPDH) (GSDMD/GAPDH ) (GSDMD-N/GAPDH ) (IL-1B/GAPDH)
IRF7 i35 NC+HR 41 6 0.45+0.03 0.60+0.03 0.42+0.02 0.55+0.02
IRF7 i35 +H/R 41 6 0.65+0.05* 0.79+0.04 * 0.58+0.04 0.72+0.04*

1 IRF7 PR JE A5 F 7,NC Jg23 200 B, H/R 4 / 53 %80, caspase-11 9 K &G R Sk K AR AR 11 11, GSDMD il % D,
GSDMD-N gy GSDMD-N A& 50, TL-18 4N K -18, GAPDH Jy 3-BERR MBS & ; * 55 IRF7 335535 NC+H/R 41 H 4, P<0.001

R4 &H AML-12 B caspase-11. GSDMD . GSDMD-N #1 IL-1p EERIELLBK (x £5)

5 fLE caspase-11 & GSDMD GSDMD-N I-1B &EH

- (L) (caspase-11/GAPDH) (GSDMD/GAPDH) (GSDMD-N/GAPDH) (IL-1B/GAPDH)
shIRF7 NC+H/R £ 6 1.02+0.06 1.09£0.05 0.80£0.04 1.02+0.03
shIRF7+H/R 4 6 0.59+0.05* 0.87+0.04 " 0.38£0.05* 0.81+0.03 °

T : shIRF7 SHEHE TR Z I T 7, NC 2540t JE, H/R il / B4, caspase-11 h FRAG IR St e 22 26 11/ 11, GSDMD i
% D,GSDMD-N i GSDMD-N At del, 1L-18 4 (1400 2 -18 , GAPDH Jy 3- Wi il i SURl ; * 5 shIRF7 NC+H/R ZH He4%, P<0.001
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K5 FH AML-12 4B caspase—11/GSDMD X PHIELABEEL . HAPATEFEFN_LE IL-1p E=EEE (x +5)

ZH 5 FLEL(FL)  caspase-11/GSDMD XUSHYE (CF-H45¢ 658 i ) ANMIAEIE B (1) IL-1B (ng/L)
Sham 41 6 2.16+1.72 45438 +8 171 14.80+2.15
H/R 41 6 66.50+11.78 2 8966+3 573 262.40+40.10 *
ShIRF7 NC+H/R 41 6 61.83+8.93 9 675+3 460 253.70+23.96
ShIRF7+H/R 41 6 45.50+6.59 " 15549+ 1962 " 147.60+19.36

H : Sham FETFAR, H/R N4 1 B4, shIRF7 M TR VT F 7, NC HEEITHR, caspase-11 A RLRAIREE T AR E A
i 11, GSDMD Ml % % D, IL-18 M4/ 2 -18 ; * 5 Sham 4 HAE, P<0.05 ; * 55 shIRF7 NC+H/R 4 L8, P<0.05

Sham#i H/R4A. shIRF7 NC+H /R4 shIRF7+H/R4H

caspase—11

GSDMD

100 pm

DAPI

100 pm

100 pm

B 7 HlEsOt i iss N2 AML-12 20 R4 Z R R 5 PP R 2R 2 18 11 (caspase-11)/ JH 228 D(GSDMD ) BUHPEZR L caspase-11
LT, GSDMD L1 (TG, 4", 6- —KIL 2- AL (DAPD YL iAZ S5 (586 ; I TR (Sham )4 caspase-11 F1 GSDMD Zé i 55,
2 EANERE ; B/ B A (H/R) 4 caspase-11 1 GSDMD i 7, Ao e 5 AUBHPE e 6,5 32 1 25 100 5 @I TP 15 7 7 (shIRF7) +
H/R 4 caspase-11 S GSDMD Mg/, WYL anm BEE: H/R 21 W30 SrBasmetjeta - ek

Sham# H/R4 shIRF7 NC+H/R4] shIRF7+H /R4,

~

8 fHIE WA FWGEAH AML-12 AMAAR SO (BTAR (Sham) HANAEAR I RAF, A IRAE T L 5 B4 7 S 460 (H/R) 2R A0 A7 TG 2
i L, HAN I A AR TR A W HIIN 5 SR TR P 7 (shIRF7) +H/R HA0MAFIEECE H/R 20 210, A fa s i 3%
s RAFICR

HIRT B JCHERL S 7, IRF7VER—FP B A TR Chen 25 58 i A= M5 24 0 WTEE A AR P IOAIE , o0
R HET EEE )RR, YAz R IRF7 AERA S IR 50509 10 Pt #2R
AN FAR RS, S LOA S TR R IRF7 nJREAEN LS IR b R 4. 1t
IR RV L OE , R ThRE . Ah, — T T AL S BT M A MNMATA ST IR
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it sh I iF5E Bor , IRF7 1] GES 5 5 IR #1455 A9
A BIPERE ) AR i SIS, IRFT A i
Pt R, nlE e R AR AR T, E HIRI,

3V 25 B L FE TR AR T TN AR M/ MA
TR TE TR ALY caspase-4/5/11 HAEZL# GSDMD &
1, 175 40 MR 28 FL A 284, F i S 45f P 9800 NLRP3
RMME 1 R PR RIEGF ST AFRER,
TELAY caspase~4/5/11 [R)AE AT V) EN N T AT 11L-18 F1
IL-1 B fRdE RO A R UV, 271 caspase-4/
5/11 Ry AR 2 ML AR MU AL T AT BB ARG B 5 2 Y 4
FRE Y A AR T IR AR OS2 S HIRT A AL
il A2 A A T AL Ay A SRR e I R S I IR
ISR R AGREE AR ARFIE R, 1E
HIRI /)N RS RY rfv ) 240 A5 1 ) AR S22 00 o ) it e,
THHED 6 h iRRAE , (X — B 5 IRF7 &ik
SR HIRD AHOCHIFGE 45163, 4278 IRF7 /]
RES 5iHfE HIRL i F2 R A AE T AL A iR

Rk — AR S IRF7 X 40 A2 T B R 5 4
ARBFFTF RSN AML-12 /N U400 i H/R FE, 5
Yeid Fik IRF7 Fokife , AML-12 40N 4 A T-7K
B E RO I, Y shIRFT Ok, 4 AR T
S, A M A TS A R AR T Y, A
IRF7 #iKJ5, caspase-11, GSDMD. 1L-18 GEZ
RUYR A AR T B R Rk 3508 /D, caspase-11/GSDMD
XU B 40 MR 8 259870 o P28 7E HIRL g B
Rk, IRF7 % caspase-11/GSDMD 41 il fE T 15
SRRV AE VAR, SR M0 5% 3 J2 3 ad ] o L Ik
KRR R — DR ER . BRI AR T4, BT
ST ARG, S WA S Kupffer 20055 G2 40
HRAET, AT BE S HIRT (R 120 i g
A AF 58 D) i — 2D B, i S U PR 4R A T GSDMD 1Y
Fc g (i Al FF4H M0 GSDMD RS ) S22l 3% HIRI Ay 56
B, B R A AR T R I R SR T BB 2 IRYT HIRT
FIETEIR R . T FiRBESY, IRF7 &5l i 7
PEAMIFET- 2 5 HIRL, (53— 455

g5 BTk, IRF7 Al BEJE N HIRT B4 37k
+ , HAHLHI AT RE S 0L caspase-11 5% 53400 , P55
S GSDMD ik} 1L-1 B %59k R B, 1 & ik
JEANM AT 56 ARBIFST 1Y & 30k I B2 PR AH 56
HIRT (4 Bi 64 it (4 56 S B2 B 7T i T 5. 48
M, ABEGEAT AR AE— 8 SR B, 1558, ARBFFE AU AT
YT AR BE 0T T IRF7 AR s 4 i AR T
BRI A RESE—2 [ B TRF7 38 i fal 2 4

f5 caspase-11/GSDMD 4l FE T4l , HLIRF7 & 7515
PPN e e A R A AR T2 5 HIRL R ATh A
TR IE ; O, AW A E S )AL RN S ) 40 2 v
HEATIAIE, Bk = NARFRAS  NIRIF AR L R AS B
R SIGIE 5 fJm , ABFFEAHE T IRF7 %) HIRI
FR R P L, 2 75 I 9E HIRT B 8000 4 B £ 45 B 1
1 KRR G 2 B R B AT R — A0SR
RIZRZE AT A A EAE R 2 1

YEBRAKAIE vk FRIRRIE SO0 | SORERF oL  SRAE SO . 4>
BT/ ARRRRCHR R SCEE SR AHT RIS 29 5 e R T -
PRI 00, 0T / RN , o S LM ) 2 (T
VT 40T FRIIT I 2 9 AT B A ObP LS 5 MBSl
%P BRI TSR | SRS R SCEE L GE4T  2E
I 2 3%

S 3k
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