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Tab.1 Primers information of the genes for RT-qPCR

Genes Primer sequences(5'-3") Length (bp)
B-actin F: CATCCGTAAAGACCTCTATGCCAAC 25
R: ATGGAGCCACCGATCCACA 19
CASPI1  F: GGCTACGATGTGGTGGTGAAAGAG 24
R: TGTGCTGTCTGATGTCTGGTGTTC 24
GSDMD  F;. ACTGAGGTCCACAGCCAAGAGG 22
R: GCCACTCGGAATGCCAGGATG 21
NAIPS F: ATGAGCAAATTCACCGCCCAGAG 23
R: AACCTCACGGCAGCAAGAAACTC 23
IRF9 F: CTCGCTGCTGCTCACCTTCATC 22
R: ACCTGCTCCATGCTGCTCTCC 21
IF116 F: AGCCACAAGCAGAGCCCAGAG 21
R: TGTTGATGAAGGAGCACGATGAGC 24
CASP1 F: ACAACCACTCGTACACGTCTTG 22
R: CCAGATCCTCCAGCAGCAACTTC 23
IL-1B F: TCGCAGCAGCACATCAACAAG 21
R: TCCACGGGAAAGACACAGGTAG 22
IL-18 F: ATAAATGACCAAGTTCTCTTCGTTGAC 27
R: CACAGCCAGTCCTCTTACTTCAC 23
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Fig.1 HE staining of mouse kidney tissue
A, B: HE staining of renal tissues in the PKC group mice; C, D: HE staining of renal tissues in the HKT group mice; Red arrows: indicate disor-
ganized renal tubular structures; White arrows: indicate inflammatory cell infiltration, partial edema of renal tubular epithelial cells, and disappearance of

some nuclei.
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Fig.2 Sequencing data quality assessment and differentially expressed gene analysis
A: Principal component analysis plot of transcriptome sequencing data; B: Correlation analysis of samples within and between groups; C: Percentage

of CG base content obtained from transcriptome sequencing; D: Pie chart of DEGs.
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Fig.3 Functional enrichment analysis of DEGs

A: KEGG enrichment analysis plot of DEGs; B: GO enrichment analysis plot of DEGs.
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Fig.4 Diagram of the NLR receptor signaling pathway
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Fig.5 Validation of key genes and protein expressions

A: RT-qPCR results of six genes; B:

Comparison of RT-qPCR results with transcriptome results; C: Results of Western blot analysis of CASP1,

CASP11, and GSDMD protein expression; D:Quantitative analysis of protein expression of coke death-related genes CASP1, CASP11, and GSDMD;

*P<0.05, ""P<0.01, """ P<0.001 vs PKC group.
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Fig.6 mRNA expression of inflammatory cytokines IL-1g and IL-18

*P<0.05, " P<0.01 vs the PKC group.

CASPI1 NAIP5 IRF9 .GSDMD .IFI16 ff) mRNA % ik
WA B B, O B R S S S A
JPa R —3, XRHMET 1 CASP1 CASPI1 GSD-
MD (EE Fik R, FB 2 /N B E
JE A AR o e B AV A R W A5 R R P R B0
NLRP3-Caspasel -GSDMD 1@ %, H. 175 & H, 55 WL 5% 3|
B EMLRAART o B RS AT e 5K 2l 5 40
BT CHR R,

SRR 5T 32 BEAE A B T I TFIL6
ANTA) A ST e B0 T A R SR e PR AR AU 8 3Rk
B2 LR, IF16 1E 2y DNA &8 4%, 76 0 46t 4
DNA J5 W] 3% STING 3@ 2 i e /IMATE B, F
755 CASPL {gipE A a7 IFI16 7£57 5|
dsDNA 375 J5 e 0 52 Sk SR 1 JF 5 CASPL i {
TE RS /N DT 38T A M R T AR B9 4
PR, i AR ] BB 1T 15 & DNA #1473, & TFIL6
— STING i, Pp[7] NLR {5538 #% A2 28 B J0E 40 A £
To. X—&IH IF116 (TR NPT i e e =
G P S 0 Sk, by P A oo DA 35 T ' O [T A
B2 SN A s TRl

NAIPS 1 Ay i A 4 581 J 32 4 , P TR 31 248 9 s
G =5 IR 141G NLRC4 — CASPL #l1, 1M 24 /% GSD-
MD FfA ik IL — 18 F1 1L — 18 fi4 B0 5 B, 7 A= 4
fugarstO T B A ARG R CASPL 5 GSDMD &
HZRIE FIRS5 I, NAIPS/NLRCA 48 i /IMA 1) 3 1
AT RE 2 e SRR A28 3 B O 4 A A T i EE LR =2
— o RN AT REBLRL T JC A MR RS, AT
fil & NATIPS S TG4k , J5 204 A1) 56 DX il bk sl s
AL, AT NATPS ZEAIGAE B 9 0 v iy HARAE FTBL

IRFO 1k JAK — STAT 3 [ rfr 1y 56 bt % 5% A
+, Y% B IS, I F S 5 T R S s

('signal ransducer and activator of transcription, STAT)
1 1 STAT2 BERRAL LA KA 5 PRI FIE B 57 U = 5
T B THRZ NN - 3, 1% 5% R 5 o 22 4
BIF5 TR BB S 37 b A T4 R R
TCPFE A NIRTCE 4R f g =7 0 KEGG 3 &
P JAK — STAT 8 % i % & 4 , #£/5 JAK — STAT 3@
55 NLR 553 78 1 400 8 b o] BB A7 7E 52 3L
P (HAG 2B ST

AR5 308 5 e SR 4 2 D 3 1 SE B B IR R
B TE AR SR T, B IR 24 NLR {5538 2%
FeARIFL NAIPS (IFI16 A1 IRFO Ak i i, uF
IS CASPL/11-GSDMD i (1) 240 Jfd £ T 3% 4%, I
PEIET U 90 K IL-18 A1 IL-18 FRE , S X 33
B /NE F AN OSBRI AR AEER S 32 2E
it NAIPS S8 5 /A fil & A Ml f T2 W] i, TFTL6 )
VAR DNA 450477 58 3 % T BE IR 2 53X —
0 IRFO (1340 W 32 B JAK-STAT {5 53 % 5 41
MR TR VIR, AW ot — 2L B TR S
SN RUE HELHZUR A 00 18 23 7 HILA, by e D R 2
WEIE I A S FRAE T8 B B AR

[1] Doutreleau S. Physiological and pathological responses to altitude
[J]. Rev Mal Respir, 2021, 38 (10): 1013 —24. doi: 10.
1016/j. rmr. 2020. 12. 007.

[2] Franchi L, Eigenbrod T, Mufioz-Planillo R, et al. The inflamma-
some: a caspase-l-activation platform that regulates immune re-
sponses and disease pathogenesis[ J]. Nat Immunol, 2009, 10
(3):241 -7. doi: 10.1038/ni. 1703.

[3] Gombault A, Baron L, Couillin I. ATP release and purinergic sig-
naling in NLRP3 inflammasome activation[ J]. Front Immunol,
2012, 3. 414. doi: 10.3389/fimmu. 2012.00414.

[4] LiS, SunY, Song M, et al. NLRP3/caspase-1/GSDMD-media-
ted pyroptosis exerts a crucial role in astrocyte pathological injury
in mouse model of depression[ J]. JCI Insight, 2021, 6(23):
el46852. doi: 10.1172/jci. insight. 146852.

[5] He W T, Wan H, Hu L, et al. Gasdermin D is an executor of py-
roptosis and required for interleukin-1@ secretion[ J]. Cell Res,
2015, 25(12) : 1285 -98. doi: 10.1038/cr.2015. 139.

(6] wEEL XN, T, . R4 w58 X B L A2 40
BT BT ST [T ], L RIE R R ¥ A4, 2023, 58
(11): 1916 —20. doi;10. 19405/j. cnki. issn1000 — 1492.2023.
11.019.

[6] MengZ M, LiuCC, Ji YY, etal. Study on the mechanism of a
pyroptosis of renal podocytes in hypoxia and high glucose environ-
ment[ J]. Acta Univ Med Anhui, 2023, 58 (11): 1916 - 20.
doi; 10. 19405/j. cnki. issn1000 - 1492.2023.11.019.

[7] Fan Z, Chen R, Yin W, et al. Effects of AIM2 and IFI16 on



- 2058 - ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

infectious diseases and inflammation[ J]. Viral Immunol, 2023, Nat Struct Mol Biol, 2024, 31 (1): 82 -91. doi: 10. 1038/
36(7) :438 —48. doi: 10.1089/vim. 2023. 0044. 541594 - 023 -01143 - z.
[8] Mishra S, Raj A S, Kumar A, et al. Innate immune sensing of in- [12] Gongalves A V, Margolis S R, Quirino G F S, et al. Gasdermin-D
fluenza A viral RNA through IFI16 promotes pyroptotic cell death and Caspase-7 are the key Caspase-1/8 substrates downstream of
[J]. iScience, 2022, 25(1): 103714. doi: 10. 1016/]. isci. the NAIP5/NLRC4 inflammasome required for restriction of Legio-
2021.103714. nella pneumophila[ J]. PLoS Pathog, 2019, 15(6) : e1007886.
[9] Hurst T P, Aswad A, Karamitros T, et al. Interferon-inducible pro- doi: 10. 1371/journal. ppat. 1007886.
tein 16 (IFI16) has a broad-spectrum binding ability against ssD- [13] Sundaram B, Kanneganti T D. Advances in understanding activa-
NA targets: an evolutionary hypothesis for antiretroviral checkpoint tion and function of the NLRC4 inflammasome[ J]. Int J Mol Sci,
[J]. Front Microbiol, 2019, 10; 1426. doi: 10. 3389/fmich. 2021, 22(3): 1048. doi: 10.3390/1jms22031048.
2019.01426. [14] Kayagaki N, Lee B L, Stowe [ B, et al. IRF2 transcriptionally in-
[10] Paidimuddala B, Cao J, Nash G, et al. Mechanism of NAIp-NL- duces GSDMD expression for pyroptosis[ J]. Sci Signal, 2019, 12
RC4 inflammasome activation revealed by cryo-EM structure of un- (582) : eaax4917. doi: 10. 1126/scisignal. aax4917.
liganded NAIP5[ J]. Nat Struct Mol Biol, 2023, 30(2): 159 — [15] Bhatt B, Prakhar P, Lohia G K, et al. Pre-existing mycobacterial
66. doi: 10.1038/s41594 —022 — 00889 —2. infection modulates Candida albicans-driven pyroptosis[J]. Febs
[11] Matico R E, Yu X, Miller R, et al. Structural basis of the human J, 2022, 289(6) : 1536 —=51. doi: 10. 1111/febs. 16243.

NAIP/NLRC4 inflammasome assembly and pathogen sensing[ J].

Plateau hypoxia induces pyroptosis in mouse kidney

cells through NOD-like receptor signaling pathway
Xu Xintong, Chen Xiaochen, Cui Chengling, Wang Xin, Gao Xiang
(Dept of Basic Medicine, Qinghai University, Xining 810016)

Abstract Objective To investigate the molecular mechanism of NOD-like receptor (NLR) signaling pathway in-
duced cellular focal death in mouse kidney tissues under plateau hypoxia based on transcriptomic sequencing tech-
nology. Methods Animal models were constructed in high-altitude kidney test group ( HKT group) and plain kid-
ney control group ( PKC group) , and C57/BL6 mice were bred at an altitude of 4 200 m and 400 m, respectively.
Kidney tissues were aseptically taken out after 30 d and used for observation of renal histopathological changes and
transcriptomics sequencing, respectively, and then differentially expressed genes (DEGs) were enriched by KEGG
and GO analysis. Key gene and protein expression levels were verified by reverse transcription quantitative polymer-
ase chain reaction ( RT-qPCR) and Western blot analysis. Results Hematoxylin-eosin (HE) staining showed that
the renal tubules of HKT mice were disorganized, and the tubular epithelial cells were edematous with inflammatory
cell aggregation. Transcriptomics sequencing analysis revealed that a total of 3 007 DEGs were identified in the
HKT group, and KEGG analysis showed that DEGs were significantly enriched in the NLR signaling pathway. The
mRNA expression of the key differentially expressed genes, CASP1, CASPI11, GSDMD, IF116, NAIP5, IRF9, and
the downstream inflammatory factors, IL-1B8 and IL-18, was upregulated, and protein expression of CASPI,
CASP11, and GSDMD was up-regulated. Conclusion The plateau hypoxic environment induces cellular pyropto-
sis by regulating the expression of NLR signaling pathway and releases downstream inflammatory factors to cause in-
flammatory responses.

Key words hypoxia; kidney; transcriptomics; NOD-like receptor signaling pathway ; inflammatory factor; pyrop-
tosis
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