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i E: AR IT4; 2 & (Melatonin, Mel) i 42 4% 3 B2 45 4 5% R AL 45 # 3% (Nucleotide-Binding Oligomerization Do-
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48 X & & AT JE NLRP3. /4 T 48 X 5 % 4f & & (Apoptosis—Associated Speck-Like Protein Containing a CARD,
ASC) 31 %) )& o ¥ Bk XK %8 p20 (Cleaved Caspase—1) . £ 3L % D(Gasdermin D, GSDMD) % ik # [0 1 4m oL 38 Jm
mRNA F2%& & K P34 F- &, AN Mel 3845 AR IE £ 48 % & & FR bk 2 j0,, 5F 78 45 4K & 48 % % & mRNA F=
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Melatonin Regulates TXNIP/NLRP3 Signaling to Reduce Pyroptosis After HRI

SHENG Yaxin, WANG Jie, CHEN Yuting, FAN Jiaqi, JIANG Jiying, YU Shuna’
(College of Basic Medicine, Shandong Second Medical University, Weifang 261053, China)

Abstract: To explore the mechanism by which melatonin (Mel) regulates the nucleotide-binding oligomerization domain (NOD)-like
receptor pyrin domain-containing 3 (NLRP3) inflammasome signaling to alleviate pyroptosis in the liver after hepatic ischemia-re-
perfusion (HIR) in mice, this study constructed a HIR moedl for mechanism research. A total of forty specific pathogen-free (SPF)
C57BL/6 male mice were selected for surgical construction of an HIR model. AML-12 cells were exposed to hydrogen peroxide
(H,0,) induction to simulate cellular oxidative stress injury, with or without Mel treatment. The experimental findings demonstrated
that compared to the sham group, exhibited morphological damage after HIR, and accompanied by elevated levels of alanine amino-

transferase (ALT) and aspartate aminotransferase (AST), indicative of impaired liver dysfunction post-HIR. Whereas, supplementa-
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tion with Mel was found to alleviate liver dysfunction after HIR and improve the viability of cells treated with H,0O,. After HIR, the
positive cells of liver NLRP3, apoptosis-associated speck-like protein containing a CARD (ASC), cleaved caspase-1, and gasdermin
D (GSDMD) increased, and upregulated at both mRNA and protein levels. However, supplementation with Mel could attenuate the
positive cells of liver pyroptosis-related proteins and reduce their mRNA and protein expression levels. Furthermore, pretreatment
with Mel could also inhibit the upregulation of pro-inflammatory cytokines interleukin-1p (IL-1B) and interleukin-18 (IL-18) in-
duced by HIR. These results indicate that Mel can significantly alleviate the damage caused by hepatocyte pyroptosis resulting from
HIR. Additionally, Mel pretreatment inhibits the upregulation of thioredoxin-interacting protein (TXNIP) induced by HIR, which is
upstream of NLRP3 and closely associated with its activation. Experimental results indicate that the inhibition of TXNIP is consis-
tent with the results of Mel pretreatment, suggesting that Mel likely alleviates necrosis occurrence by inhibiting TXNIP. In conclu-

sion, it is highly probable that Melatonin mitigates NLRP3-mediated cell necrosis by suppressing TXNIP expression, thereby attenu-

ating liver damage caused by HIR.

Key words: live; ischemia-reperfusion; melatonin; inflammasome; pyroptosis
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H ) 2 8 H 2 A5 A 8 NLR (NoD-like Re-
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IL-1B IL-18 S8 g R T Ay 7= A, 5 2 M 28 1k
RAIEVEBE B VA IEEwR MR 218
PE 955 L B Ak | e b B IR TR ORS 14 B 5 I 4
JHF JE 2 9 v R A AR

FB 22 Z (Melatonin, Mel) , fb2#4% 0 N- -5
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P 005, DA T 2% £ i e 0t P T A8 05, AE 2% il
U 2 Mel Xof 4 22 5 405 AR B A S
0 NLRP3 48 14 /M4 A 5¢ 8 11 3R 3k KA R A
Jo R VA &) A, Mel 16 BE 2 05 (Li-
popolysaccharide , LPS ) i T 1 /Iy B 207 fili 451 £
RS h ] ] NLRP3 8 /M T 1k K2 HoAr &
FR 2 A T 00 SR B, Mel 15 22 i 953 i A5 AR
Hh 34 8 7 S 6 NLRP3 48 P /M 52 1 40 i 1
HA AR SR0, Mel J2& 75 BE 98 31 i
HIR 5 45 33 & o NLRP3 98 P /IMA 1) 175 1k K HoAr
SR A0 M AR T, R 2R A HIR 33405, H R RS B
o Wi S A8 8 H A B /E 8 A (Thioredoxin-In-
teracting Protein, TXNIP ) & NLRP3 % ¥ /MA
) LA 5 o, E 32 BB S 5 AR R R
1 ( Thioredoxin , TRX) fi# & , 2 5 NLRP3 fif 4 %¢
Sk A2 A Mel 78 £ A8 ob Al #10 4i
NLRP3 % P /N4 16 Ak B 240 g A2 7, HoxF TXNIP
(/R FAAIL®I A7 A 5 B B o A 5 40058 3 57/
Bl HIR 3 475 45 80 12 Ho O35 SRR, ¥R 35F Mel %t
HIR i 2 5 40 B A2 12 10 52 g K v e pL , LA
R 1 R B 3R HIR #5040 32 I B8 306k .
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25 g, W F U rg IR L SE 5 sh bty VR T IE S
SCXK (4 ) 20190003, i) 7% 2% 4 : = i 20 C~
26 °C, {2 B 40%~70% , S 12: 12 h BARE , T A
S SL G R ARVE IS BN AR R R RS
S Yie B2 b1 S At (f8 BES : 2021SPL024 )
IF 7™ A B Hh AR N R R 2 R A 1Y)
(o563 Y8 PR B ) o
1.2 EERNSERIXF

A7 W5 A HEAL (5 [F Leica, EG1120) 62
% #5 (Olympus, BX53MRF-S) | & .0 L ( 35 [
Thermo Electron, Fresco2l ). 42 2 (32 [H Sig-
ma, M5250) , R[] 4 % R 2 58 1% % iy (m ot 4t
A, CO10-2-1) 5 N 2 R 2 58 4% %6 i (1 ot
#N AW, C009-2-1) ; S bt TXNIP (3 [# CST,
D5F3E) | % ¥t NLRP3 £ g [ i 1 (18 58 2% (Jb
5O AW H AR AT BRA A, bs—24563R ) | it £E fL
% D (Gasdermin D, GSDMD) # 4 ( 2 73 = /& 4=

W AR AR AT, 20770-1-AP) | Caspase—1 p20
SO AND N = a7/ s LI Sl 1 /A =1
AF4005) (ASC Hiik (T % B RHE W BT PO A
B2, DF6304) (IL-1B Hr ik (V175 3% Bl A4 4 #F
gE A B A |, AF5103) ;Wi 5 ik F & (H
A TOYOBO 28 H] , FSQ-101) , PCR ¥ % 1 &
(Fi - Roche 23 #] , 07339577001 ) .

2 ik

2.1 EPEBEMEME S A

K BE ML 4y Ak AN a8 B F AR
(Sham) 2 . #% A (HIR) 41 . #% A 34 J7 (HIR+
Mel ) 2H 4 B 28 (Mel ) 41, B0 10 2o /N BRURR
&, AR T 7 )5, Sham 41 A Mel 41 ¥ 16 35 1F
B2 kU1 FEAS e P o ik R0 22 I R A S S B
& Kk, Mel 4H 4% B8 10 mg/kg # §7 30 min JI§ #&
5t . HIR 44 F1 HIR+Mel 44 , 1% 18 3 1F H Bz ik
YIFF 5t e PR RF ep i 0 22 o J1E 3% 43 52, nl BH W7
WE 7096 1 3t , & PA ot A5 S A R 2 € AR Sl PR AL
23 B ¥ A % 2, 45 min S5 B QR 1 e 4% A R bk,
HOMLWEL IR B E T 6 h S IR BR B | HCRF 22
.
2.2 YRasrARERINE

4 1E B /N B E SR IR 1Y alpha /Dy BRUOBF 12
(Alpha Mouse Liver 12, AML-12) 4 ffd , ¢
37 °C, TR 43 B 5% CO, Tl 1 B Y 55 35 48 h B
3%, WAL 4 40 K Control 4H . HLO, 21 | H,O,+Mel
ZH A1 H,O,+TXNIP-IN-1 41 . Control 41 1 {ii /T]
TR 01096 B 4 I T o8 42 B 3R 5 3R O
B FE ANBAE AT 2R B HO, 41, H 200 pmoleL ™!
HO, Zb 3 4 b, 8 37 S AL Wt A B A . H.O,+
Mel 41, 10 pmol-L. " #§ Mel il 4k ¥ 4 h, Ffi J5 H
200 pmol-L. ! H,O, 4t ¥ 4 h, H,O,+TXNIP-IN-
14,5 pmoleL ' i TXNIP-IN-1 i 4b B 24 h, Fifi
J& F 200 pmoleL. ! H,O, Zb ¥ 4 h
2.3 HE#f&

P 2 28 ) 22 3R T 1 o B BE K i
B A 3 S AL SR ML R A D e .
JERE R 5 pm. T HIORBLES BR B 2 B K AR R
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MO BRI K L, R R AE B R B
R, 5 Ja R I T 5 7E BB T IS4 R
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BIHEAREINEL. BMRELARA
JE 55 7% Wif§ ( Aspartate transaminase , AST ) JiE Jfi &
20 pL, I 25 L R AL AREAR S ., X
WAL IMAEA . IR FEEIMA 2, 4- 7
FEIR R 20 L, XF BEAL N A 5 pL BEAS , 78 0 L
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200 p L, i B e I bR A0 2 4% £L Ot % B (Op-
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et it 58 AST 36 I3 . WA R & &L #
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FEA R L, TR A0 BRE 2 I mE e i i B
2.5 CCK-8 il e 1%

I BT B B A A A R T 96 fLAR TR, A
FH AL o A B 12 £k 22 b 7K ( Phosphate—Buff-
ered Saline, PBS) Bjj 1k 55 77 W 75 % , Bl )5 7F CO,
BRI 24 he F MR or 4, A 10 pmol-L !
19 Mel A1 200 pmol-L " i) HLO, &b B 40 Jitg , 40 Jifg 4k
HES S, A S5 pl & A A5 81026 CCK-
8 114 75 4% Tl 2 3k 19 01 4 4655 9 11 15 7% 2L (dulbecco's
modified eagle medium F12, DMEM F12) ( & IiL
H)IRA W, R EAE COBE IR 4 h 35 9%, Bl 47
BIAE 1 h 2 h, {8 g FR ACAE 450 nm 4kl B OD
o AR OD BT AH AR XIS 1, AHAR X% 1=
(B AIZH — 25 9 4H/Control 4H— 45 F44H ) X 100 %
2.6 BERHK

2H 2 g ¢ O« 2H 2 4 e O AT 20 R A
T, ZH IR BB L BE K AR s MR R IR A W
PR BEE BB R KR53 %00.1% Triton-
X 100 4T 4L, 4 “CH¥ 19 PBS ¥ ¥k 5 1L = 1fi 3 &
P s —HUE 1 0 AE B — Bt (AR FREE 2 1:200)
JEE T 4 CokH ot %, —$i 8 & TXNIP, NL-
RP3, ASC, Caspase—1 p20, GSDMD, IL-18; %
B —0, 4 ‘CHIE RO PBS 2 1k, &2 15 6 &1
TN ZOE ZHiE R R 1 h, 4 CH¥ ) PBS
B VE 54, 6- K -2- 2R B gl (47, 6-Diamidi-
no-2-Phenylindole , DAPI) 4% {f, , 4 ‘C Tl % ) PBS
By B R E Ao B S IE B 9O0 B 0
ZEIFH A

4 i B 5 't - Al I H i e G TR A BR N
TS RS, ABRIEE IR, 4 CHIR
PBS ¥2 U 5 B [ 52 , 4 “CHiUA 9 PBS 32 3% ; 1A 7
53 %0.1% Triton-X 100 1T 4L , 4 ‘CHIVZ i) PBS 2

UE 5 L= s B, SR E L b AR N — T
(RBUL1:200) 3 & T4 CokAEE R, —BtHh
TXNIP, NLRP3, ASC, Caspase—1 p20, GSDMD;
FbR—P, 4 CHIA 1Y PBS ¥k, & 5 6 4 1F
TPt P E R E 1 h, 4 CHE 1 PBS =
Uk DAPL L {5, , 4 “CHU 1) PBS ¥ Wk 5 £ 5
o BifiJE FHIE B 90 WM WA IR

2.7 gRT-PCR#iUAFH LR NLRP3, 1L.-13,11.-18
mRNA B &%

FREUE 5 4L 20U A Trizol 7853 WF B B A
AN PR35 B I ISR R B TR
SRS B0 S R WARR B RNA DLTE, 7500 LR
Ve B O JE AR AR, R R — £ T (DiEthyl
PyroCarbonate , DEPC ) 7K # fit RNA JiL € . il &
RNA # B2 FF %5 . 0% 55 il cDNA ; PCR 973 5
R CT {8, 753 B i B A 5L AR XS N 2
FN A FRIBEACT , T A ACT B391{H,
T Ak 21 7 B — A~ ACT 93 2 KI5 580 18 X6k R
HIACT ¥IH , 15 F] AACT (5256 21 A0 X X B8 Ay
Tk i), AR 2-AACT T8 H 5256 241 54k
a6 BRZH ) 63k 5. RIS PR SE g 2 i 7 34
{8 , ¢ J5 #£ GraphpadPrism 3K F i VE R IR B ST H
B BIEEWT : NLRP3, Forward: 5'-AAGG
ACCAGCCAGAGTGGAATGAC-3" , Reverse :
5'-CTGCGTGTAGCGACTGTTGAGG-3"; TXNIP,
Forward : 5'-GGCAATCAGTAGGCAAGTCTCC
A-3", Reverse: 5'-TTCCGACATTCACCCAGC
AA-3"; IL-1B, Forward: 5'-CTGTCCTGTGTA
ATGAAAGACGGCA-3" , Reverse: 5'-GCATTA
GAAACAGTCCAGCCCATAC-3' ; TL.-18, For
ward : 5'-ACGGAGCATAAATGACCAAGTTC-
3", Reverse: 5'-TCTGGGATTCGTTGGCTGTT-
3" 35 GAPDH, Forward: 5'-TGGCCTCCAAGGAG
TAAGAAAC-3" , Reverse: 5'-AGTTGGGATAG
GGCCTCTCTTG-3' .

2.8  Western blot #iIFFZHZR A NLRP3,ASC.GS-
DMD, TXNIP {5 i%

W 21 NPT A SR TP 0 SR e 92 T UE v
24 i 22 v W (Radio-Immunoprecipitation Assay ,
RIPA) #1 2% B 5 fii 75 Ji ( Phenylmethylsulfonyl
fluoride , PMSF ) #F Ji& i ¢ B 0 5 B B3, JH —
3 1] T iR (Bicinchoninic acid , BCA) )7 & # 17 &
o il e o R, UK S B I, R B e,
AR FTR (R 1:1000)4 °C B H SR,
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— ¥ M #% NLRP3, ASC, Caspase-1, GSDMD,
TXNIP, GAPDH. ¥ H Tris 2% i £ vt i % W
( Tris-Buffered Saline with Tween 20, TBST) ¥t
WETH MR =M% F 1.5 h, TBST ik
a, Ak RO R R G508, B B &
F 2577 10 FH X 26 38 i
29 StESH

K Hl GraphPad Prism 7.0 K F #F 47 48 it 2%
BAE AT o TR TR R S B = bR 22 RO
20 1) 22 S W R BRI 3R 7 22 0, L P <
0.05 8% RA G E L,

3 4R

3.1 Mel 3} HIR J5 BT IhBE 5 {5 R BT S S F RS20
VAL Mel XF HIR J& i 240 U 25 2% DL
MRER s m , ATH A T /N B HIR &£ A 5

(a) Sham

(b) Control

AML-12 4ff g % Ak W S 3 A B 8L . 55 Sham 2
A LG, HIR J& R/ 40 8 2R | 40 M 4% & A
9 SRR AR 5 BT A0 i B B B R, BT DL B TE ORI
AN —BE W 23 1, P g P 40 M IR e AR BR AR AR
(E1Ca)); i ALT AST /K01 & F+ & (&
1(c) . (d))o T Mel kb B J5 BT /NS5 56 B
JHF A BT 285 | 4 P 40 B VR i S5 4 TR A 35 45 el
#LOALT MEAST WM TR (K 1(a) | (c)
(d)) . 403256 % 0, HO, &b BE 5 2040 i &
PO £ 2971197 N 1L 1 0 R - e 1 O S R
W, 0 A [ 4, A M 2R 4 A0 RS M R AR
(B 1(b) . Ce)), iMi Mel il 4b 5 a] B & 24 36 40 g
W (E1(b) . (e)). ZiRER, HIR 1] B R
I 4 B TS T, I ) RE S KO AL 2B 5, i
Mel + il 6 A % k38 b g B AR Ak, 7R HE X
HIR F7 3504543 1) 58 3 O 7 4

HIR HIR+Mel
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1 Mel X} HIR & FFERES A1 M T 252 152 )
(a) HEEJe s, RO 204, EU B R 50 pmi; (b) AML-12 ZHHUE 27284k, BRI R 20 <, FE B RCA 50 pmy (e, d) i
5 ALT AST K5 (e) ALM-12 4MIAEXSE J) . "P<<0.05,"P<C0.01,""P<<0.001 Rk 25+ % .
Fig1 The impact of Mel on HIR-induced hepatic function injury and hepatic morphology

(a) H&E staining, magnification shown is 20 X, and the scale bar represents 50 pm; (b) The morphological changes of AML-12
cells; (c, d) The level of ALT and AST in serum; (e) The relative cellular vitality of ALM-12 cells. "P<0.05, "P<0.01,

""P<0.001 represent significant differences.
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([ 2(a). (b)), HAM, HIR {23 NLRP3#H H .
mRNA ik (E 2(c) | (d)), fi£iF NLRP3 % 1
JMEAR 4 11 ASC | Caspase—1 p20 . GSDMD i £2
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£
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@ 200 <
O‘E =~
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b€ 100 #
@ = m 50
S8 50 =
A= 2
o 0 g O
7]
& 10}
€4 = ITE
s i rS20; = QB3 =
®» 3 T 05 < T
25 Zol?® g2
o 7 Ool10 2
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T O=05 O®
o 2300 8o
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B2 Mel X} HIR Ji NLRP3 % ME/IMAN S A9 AN A T A5 00
(a) HLGIET I3 HT NLRP3 \ASC Caspase—1 p20 . GSDMD AR ECE: , A THOR K 205, LR Ry 50 pm. #iSkbric
NLRP3,ASC Caspase-1 p20 .GSDMD FH:40AE ; (b) NLRP3 ,ASC ,Caspase-1 p20 .GSDMD FHEAAESEH (mm?) 5
(¢) NLRP3 mRNA fJ3&ik ; (d) NLRP3.ASC.GSDMD & 1383k, "P<<0.05, "P<<0.01, ""P<<0.001{LFER B E.
Fig 2 The effect of Mel on HIR-induced NLRP3 inflammasome-mediated cell pyroptosis

(a) Immunofluorescence analysis was performed to quantify the number of NLRP3, ASC, Caspase-1 p20, and GSDMD positive

cells in the organization, magnification shown is 20 x, and the scale bar represents 50 um.The arrow indicates NLRP3, ASC.
Caspase-1 p20, GSDMD-positive cells;(b) The count of cells positive for NLRP3, ASC, Caspase-1 p20, and GSDMD (mm?);
(c) The expression level of NLRP3 mRNA; (d) The expression of NLRP3, ASC, and GSDMD protein. "P<0.05, “P<0.01, " P<0.001

represent significant differences.
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K (E2(d)) . 2RI, #h 78 Mel , ANHREAZ PRI NL-
RP3 % 1 .mRNA ) £ ik , [f] £ 58 48 B (% ASC .
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