16 A 3 B Vol. 16 No.3
20254E 5 A Organ Transplantation May 2025

R

T8 USP46 i@ i3 #IH NLRP3 KiZ F BB DRET
NEB/NE LRBRRE/ S5

R iR BE BEFR TR

EHE
— ~

T

. Tigy
\\\t\'\‘;\;::{/,:”/j SELBEFE R

- 3% Coz gmﬂﬂﬁt

i- 4 .
si USP/‘{6; iiiiii 95%75 5

= o

%/ .
ﬁ;E@n:VW_ ST
8'®
- 5‘4./ '.'/
= 4 FMAIHIHE eI
N IN A an o
TCMK-1 ER AR
1% O, 5% CO,
si-USP46+H//RéH\ 5% CO,
///”"’\‘\\ 95%N, 95%75 X, .
Ly BRI ERHF & AT AR

[(FE] BW HTZ 2R EEAR 46 (USP46) 7EEE/R A (H/R) FHSA0E/INE L AN T -+ A1
HARLS . FE KNS LR A A BAMEXT RTERE (si-CTL 41) . Uii#k USP46 41 (si-USP46 41 ) . FAMEXS
PEUTER+H/R AbFHZH (si-CTLAH/R 4 ) FIITER USP46+H/R AbFRZH ( si-USP46+H/R 4 ) o i 240 A I 4% 24 41
MO T ARG, Sei E e B WA S L KG  4% 4 USP46., NOD #E32 A% H 3 (NLRP3) . W% D (GSDMD) .
FI4AER (IL) -18. IL-1B f5fll RNA (mRNA ) %Kik, & BELBEAI4 4] USP46. NLRP3, GSDMD, %!
fife2le e 2R R A AR B I ( C-Caspase ) -1 8 A3k . Al 45 20 40 AR _E 3 b R AE R T M LR =08 (LDH ) 3%

DOL: 10.12464/j.issn.1674-7445.2025072

FETH: ERARR2ERS (82170772, 82370759 )

FEHBAL: 430030 BRI, HerPoRbR: A R B 2 B B IR 6 S B s B S T SE BT S BRI A P S % WK DA R Z R
A RAN E S S R T E R R B B =

YEFE A : Wit R ( ORICD 0009-0002-2137-9710) , Mi-LAF5¢A:, BFFET5 M B AL . Bl -FE V5477, Email: gsqgsql717@
163.com

SEEVES : E&ME (ORICD 0000-0001-7634-1440) , #4%, FALEIF, WA SR, AR IR EBE. BaE. T4k
JA¥7, Email: nqgong@tjh.tjmu.edu.cn


https://doi.org/10.12464/j.issn.1674-7445.2025072
https://doi.org/10.12464/j.issn.1674-7445.2025072
https://doi.org/10.12464/j.issn.1674-7445.2025072
mailto:gsqgsq1717@163.com
mailto:gsqgsq1717@163.com
mailto:nqgong@tjh.tjmu.edu.cn

5534

JEHH R, T IHUSP46IE A P HINLRP3 572 AL A AL Tl B/ NVE L e A s if/ B |t - 417 -

IRTEOL, KIS A BEIE PR (ROS) RN (MDA ) 7K. R GEEILITTERIE USP46 Fl NLRP3 9%
e, SR 5 si-CTL 44, si-CTL+H/R HANAEIAT /K FFH=, USP46. NLRP3, GSDMD-N, C-Caspase-1
E I FEIAKEF T, USP46. NLRP3., GSDMD. IL-18. IL-1B mRNA F#ik/KFEF i, IL-18. IL-1B. TNF-a.
LDH /KF-FkE, ROS, MDA £ (¥l P<0.05) ; 5 si-CTL+H/R ZHAH L, si-USP46+H/R 2H 41 ifd I/ - 7K S [
fit, USP46., NLRP3, GSDMD-N,. C-Caspase-1 & H#ik/KF-PEML, USP46, GSDMD. IL-18 mRNA Fik/K -
i, IL-18. IL-1B. TNF-o.. LDH /K&, ROS. MDA /KM% (¥4 P<0.05) . Sy LiiiE s 2 Bon
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[ Abstract ] Objective To investigate the role and mechanism of ubiquitin-specific protease 46 (USP46) in hypoxia/
reoxygenation (H/R)-induced pyroptosis of renal tubular epithelial cells. Methods Renal tubular epithelial cells were
divided into negative control siRNA group (si-CTL group), USP46 knockdown group (si-USP46 group), negative control
siRNA + H/R treatment group (si-CTL+H/R group), and USP46 knockdown + H/R treatment group (si-USP46+H/R
group). Flow cytometry was used to detect cell apoptosis in each group. Real-time quantitative polymerase chain reaction
(RT-gPCR) was employed to measure the messenger RNA (mRNA) expression of USP46, NOD-like receptor protein 3
(NLRP3), gasdermin D (GSDMD), interleukin (IL)-18, and IL-1B. Western blotting was used to detect the protein
expression of USP46, NLRP3, GSDMD, and cleaved cysteinyl aspartate specific proteinase (C-Caspase)-1. The levels of
inflammatory factors and lactate dehydrogenase (LDH) in the cell supernatants were detected, and the levels of reactive
oxygen species (ROS) and malondialdehyde (MDA) in the cells were detected. Co-immunoprecipitation was used to verify
the interaction between USP46 and NLRP3. Results Compared with the si-CTL group, the si-CTL+H/R group exhibited
increased cell apoptosis, elevated protein expression of USP46, NLRP3, GSDMD-N and C-Caspase-1, increased mRNA
expression of USP46, NLRP3, GSDMD, IL-18 and IL-1f, higher levels of IL-18, IL-18, TNF-o and LDH, and increased
ROS and MDA levels (all P < 0.05). Compared with the si-CTL+H/R group, the si-USP46+H/R group showed decreased
cell apoptosis, reduced protein expression of USP46, NLRP3, GSDMD-N and C-Caspase-1, decreased mRNA expression
of USP46, GSDMD and IL-18, lower levels of IL-18, IL-1B, TNF-o. and LDH, and decreased ROS and MDA levels (all
P < 0.05). Co-immunoprecipitation results indicated that USP46 could bind to NLRP3. Conclusions Downregulation of
USP46 alleviates H/R-induced pyroptosis in renal tubular epithelial cells, possibly by inhibiting USP46-dependent NLRP3
deubiquitination and promoting NLRP3 ubiquitination and degradation.

[ Key words] Kidney transplantation; Ischemia-reperfusion injury; Pyroptosis; Ubiquitin-specific protease 46;

NOD-like receptor protein 3 ; Inflammasome; Deubiquitination; Oxidative stress
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aspartate specific proteinase, Caspase ) -1 JE WA B G
P () 24 f#% Caspase-1 ( C-Caspase-1) , 5l F#AH
FE N F A 414 % (interleukin, IL) -18 Al IL-
1B Y LB S BT, [R5 32 0 2 2 D ( gasdermin
D, GSDMD) JERA IGPER) N sn sy b, 76 20 i i
LATHL, S AR T, NLRP3 44814 41 i fz 7
& IRT AR i) ERA MR T @ 4e, T3 NLRP3 X}
TG AN A TR A DG T W AR S v B BB
B
Z R AR 7 M HE A B ( ubiquitin specific

proteinase, USP ) /2 2 i A 4 1 2l AS m sl ikt i il 2
—, EATTREGE e £ 1 Bz 2R Ak DA T A S s i A
Beff, fEZ2MESmEAe T B S Rty . Mg
S AR RN B O AR b o SR TP SR,
USP Z R AE IRTH B AE & LR AMTIE, Hof,
USP46 {1203 USP Sk P i B B 01, R 7E B ik
IRI R FEVE R AN 2 . BRIUL, ARS8 2o 37 A
A i 48 /52 % ( hypoxia/reoxygenation, H/R) F %,
HRITPTE USP46 X/ B /ME 1 240 il NLRP3 S 4E
/NN 20 A T s e S AT R IR AL

1 #M#H5T &
1.1 SEIeHty

ANEUE N R 40 ( TCMK-1) SR R0

WA AR FRA ) . DMEM/F-12 4 fig 1 77 3ok
PR TRITRYERAEYRHCA R AT, Ja4- sl 3+
PR T A R A FRA R . AR T JE T4
#% (reactive oxygen species, ROS) Kl & A
BUOMBRBHE W HARARA T . 1P ZAFI . 1ipo293 #
Y] . N ( malondialdehyde, MDA ) £l
F&E UK BCA FEHE IR &Y RIWH LFE AR
HEYIEAREBRAF . RNA i &0 [ ik i
A BRAF], protein A/G #EER B 75 M AR A= Py $R 43t
NLRP3 Hi & ity 1 R P48 A= 9 A |, USP46 41t
& B-actin PUiK . Flag b2k . HA bRkl &
FRAR I AT AR L A L SE T S =i [ s AR
s E R A BR A H], GSDMD-N, C-Caspase-1 fii{f
K A YEE Abcam A, IL-18. IL-1B. FEIRFER T

( tumor necrosis factor, TNF ) -o [iff 5 6072 W% FitHat 56

( enzyme-linked immune absorbent assay, ELISA ) iz
F &0 A NIRRT A R AR . FLIR
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A RSO AE YA F] . 3 SRR SRS i
F &R T R A R R B IR A R . RE
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RPURRLEL A F A 8, USP46 /T4 RNA L
S IF A T4 M, HA-USP46 il Flag-NLRP3 13 2
IR I RICA A RIS . BT S S
Y28 [ U = B S S sh W) AR A S A0 PR S tb vl (it
5+ TJH-202207003 ) , sy e N RS ER
HARZ iosmifi i) (LB H]) .
1.2 LIHEEIE
121 %4 ¥ TCMK-1 4083 A dHn 1T
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37 C. 5% CO, M4l Feff has . itk E
Al A A5 80%~90% i, FFRALHE, Ly Itk
AN Y/ N T RNA BIPEXT FE4L (si-CTL
) 5 FEYLH e USP46 /N4 RNA 41 (si-USP46
) FY/NTHE RNA B S 64T H/R Ab 34
(si-CTL+H/R 4 ) 5 %% L8 1a) USP46 /N T4 RNA
JEHEFT H/R AbFEZH (si-USP46+H/R 4H) . ¥ TCMK-1
UM AL AR, TR AN AE K B 70% @A R S 4 i B
NC M HR 4, AR TR T H/R Zb 35
WA
122 HR#BEA#F 5 MUK RRA LT
60%~70% B, W X5 5L o TC MG 85922, BlJS
CE T =R AR SR 24 h, DS EAEE
(NSRS ] 1% 0,. 5% CO,. 94% N,) , Tii
B AN FEARMESE IR A P Hr s gR . FRBRE S,
Jo K SRR AN R R SR R ) B R S e A B e b
Fedk, JFTE R A A Th R 2 h, AT
LRl g i
12.3 siRNA #% 7RI MRS 23K 5] 70%~80% I
PEAT USP46 /T3 RNA KB Xt B /N3 RNA #;
Yy, L6 fLAR4FFL 200 pmol /N THE RNA 5 Y f ik e
YL, 48 h 5 BRI ATASIN L G OB A R OR . /)
L USP46 T34 5-GCAUUACAUCACCAUCGU
AAATT-3',
1.3 MRABS5HE
131 SEutE s RoMmeE Rl RNA fli#2i 5]
SR IBCE RNA, i 30 e 5% 3R] 6 30 % 5% Oy B Ab
DNA ( complementary DNA, ¢cDNA) . f# f§ SYBR
Green il {F A FC B B0 AF N AR R FEAT 9884, A 4% 20
USP46. NLRP3. GSDMD. IL-18, IL-1Bf5 fii
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RNA ( messenger RNA, mRNA ) F£ik/K¥E. 5197
I 1,

132 &amerdx RRAHAMpPAES, A
BCA 8 I i) G kA7 1. FLUk oy B8 ) R F
MR T RT R BRSNS, TERFHS
5% R Rs Wk i)t AT P 60 min. dtPAT 4 SR HL 280
VRS, BRSO —BUAE 4 CHRIR 1 E k.
WHREEIMA PR H 60 min, ZJFiKKiE
T Ve . W5 DL B 7 Bk 4, K U USP46.
NLRP3., GSDMD. C-Caspase-1 25 A TEN o
1.3.3 @A ien XTI TR, B
JEFe FIEW, FEHBERRERZE v ( phosphate buffer
saline, PBS) VEUAAIM 3 K. ZJa, MKIEUBIINA
BB R E -Annexin V AL TEAE R, 1EEDE
B IR 10 min, 4GS AN T- /K-
1.3.4 ROS # il  ffi F ROS %¢ )t #8 &1 1k 57 & 4G
ROS. 7Ll S 40 M 5 & 0 57 g, PBS Uhik
3K, ¥ ROS ZOCHEN A AL, & T 37 C 4i
WS SRAAF T 30 min, £E NN EHLAG
1.3.5 LDH #&n SN i, 13 000xg, 4 °C
B0 10 min J5 {5 A LDH A6 032875 G0 AG 41 i L3
HRAEFRE 2B 40 3 LDH & .

13.6 e B T 4w RS A B,
13 000xg, 4 °C B.> 10 min J5{# F] ELISA i %] & ,
Fi WA VLA A6 I 4 1775 TL-18 . TL-1B. TNF-a &,
1.3.7 MDA #n  4iffidE Rl i G, WERK
AN, I MDA Al 55 & e B 156 B 46 1 MDA
T,

138 %k %% fiiJl] DMEM 5 &8s 5 5l
T HAIA 293T 85558 B G % 50%~60% 47, H
FH 1ipo293 # L7153l A Flag-NLRP3, HA-USP46
L)} Flag-NLRP3+HA-USP46 [J5ik:, 48 h J5ilid7¢

6 AR ARG I e sl o, WA Qe R AR 50% LA L
J&, FEREEFEIEIE WS PBS Vv, fE VK LAl
1P 24 244N 15 min, YNSRI T EP &
W, e PR IR 7847 Z4#% 30 min J5 13 000xg 4 °C
B0 15 min, YR LY, BE Input 41, i FIREER AN
WD RS PEME B 5 8.0 B M REDR, TR A
E1E0IY eIl
14 Sit¥EFHE

K H GraphPad Prism8 {447 F 1T 8. 1F
HIES AT EORER B Bbr i 22 8RR
TSTREAS ¢ K90 SRR IR 3R 07 22 00 Mgk AT LB o i o R
F 2 EdE, # ) student’s ¢ K656 74T 9 41 8]
Z ST, P<0.05 H2EFAGITFE L.

2 % X

2.1 H/R %EBE/NE FRAE, USP46 RiEFH

5 NC 4 M, H/R 2] USP46 mRNA FI [
MFE RIS (¥4 P<0.001, E1A~C) . 5 si-
CTL 1A, si-USP46 £ USP46 mRNA F12E [ A1 %f
FIRBEHFEAL (3528 P<0.001, & 1D~F) .

2.2 Tifl USP46 B3E HRIFSME/NE L R M
-

M ARLE R BR, 5 si-CTLA K, si-
CTL+H/R ZHAHMIPAT 7K P4 ;s 5 si-CTL+H/R 41 1
B, si-USP46+H/R HAMLIH T /K FREAK, 2 739F
GiiteEE L ($k P<0.05, Kl 2A) .

HEBEE AR SN, 5 si-CTL ML, si-
CTL+H/R ZHUSP46, NLRP3, GSDMD-N, C-Caspase-1
EHFEXRTE; 5 si-CTLHH/R 4 1L4L, si-USP46+
H/R 41 USP46., NLRP3, GSDMD-N, C-Caspase-1 &
FIFR AL (35928 P<0.05, EI2B) .

RT-qPCR Z53tR, 5 si-CTL 4 H#, si-CTL+

*1 S9F5

Table1 Primer sequences
FEIN A R IE i Sz St
USP46 5'-CAACACATTCTCCCGGAACG-3' 5'-TGACTGTCCGAAACATCGCC-3'
NLRP3 5'-TTCGGAGATTGTGGTTGGG-3' 5'-GTCACCGAGGGCGTTGTC-3'
GSDMD 5'-GCCCTCAAGCTCATGGTTCT-3' 5'-AGTCAATAACCAGCTGGGCC-3'
IL-18 5'-GACTCTTGCGTCAACTTCAAGG-3' 5'-CAGGCTGTCTTTTGTCAACGA-3'
IL-1B 5'-GCAACTGTTCCTGAACTCAACT-3' 5-ATCTTTTGGGGTCCGTCAACT-3'

B-actin

5'-CTCAGGAGGAGCAATGATCTTGAT-3'

5'-TACCACCATGTACCCAGGCA-3'
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H/R 4HUSP46 . NLRP3, GSDMD. IL-18. IL-1p mRNA 2.3 Tif USP46 Hi2 HR ZFSHS/NE L E A
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H/R 4 USP46. GSDMD. IL-18 mRNA AH X} 3 ik & ELISA #5 % B/~ , 5 si-CTL4H A, si-CTL+
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Figure 1 The effect of H/R on USP46 expression in renal tubular epithelial cells
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Figure 2 Downregulation of USP46 alleviates H/R induced pyroptosis in renal tubular epithelial cells
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CTL+H/R 4 #H ., si-USP46+H/R #4H IL-18, IL-1B.
TNF-a. LDH KRR, ZSBASIHEXL (3
h P<0.05, K 3)

2.4 il USP46 B2 HRIFESH'S/NE L R4

MAMBEALRE /R, 5 si-CTLA LT, si-
CTL+H/R 41 ROS /K~F-F+m; 5 si-CTL+H/R 41 LE#%,
si-USP46+H/R 20 ROS /K F- ¥ F&A% ( #4 k P<0.001,
K 4A) .

MDA rllZE R R, 5 si-CTL 414, si-CTL+
H/R 44 ) MDA /K-F-F+ 555 5 si-CTL+H/R 4 L,
si-USP46+H/R 24 MDA 7K *F FE A% ( 324 P<0.001,
K 4B) .
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NLRP3 fE % Fll HA-USP46 454 (1K 5A) 5 fEdk#E
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HA by IP HUAR FIREER 25 5 J5 PO 304 26 1 0 B 30 52
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Figure 3 Downregulation of USP46 alleviates H/R induced inflammation in renal tubular epithelial cells
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Figure 4 Downregulating USP46 alleviates H/R induced oxidative stress in renal tubular epithelial cells
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Figure 5 The interaction between USP46 and NLRP3 proteins
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INRAR A PE AN AE T, NLRP3 1E 0 8 5 i 3%
IRT F2PE B 507 iF 98 R B, 77015 10
AMEE R, H NLRP3 1% M8 2 7 B B 044
PR &% NLRP3 Y5 25 e th S T — g ik
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NLRP3 Xz R4k, Mg NLRP3 iz Z bR, ol
RANMLAET A E RN . X —BFIT 4 R v RE NI R T
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