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Abstract

Diabetic nephropathy is one of the most important microvascular complications affecting the
prognosis of diabetic patients, and is the primary disease of dialysis patients in developed coun-
tries, and the second major primary disease of dialysis patients in China. Pyroptosis, as a pro-
grammed cell death, is mediated by inflammosomes and can respond to pathological injury by ac-
tivating inflammatory response. However, excessive pyroptosis can cause excessive inflammatory
response and lead to various diseases. A large number of studies have confirmed that cell pyrop-
tosis plays a key role in the occurrence and development of diabetic nephropathy. This paper re-
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views the roles of different pathways of cell pyroptosis in the occurrence and development of di-
abetic nephropathy.
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1. R SRERH SR

PR A I B PR I 1K S 565 O W P PR 1 P B (7R, 2020 4E At 204 2 N B WE PR, JF X
AN T 2030 FERTHE B 25%, T 2045 SRR 519% [1], 1M H AR A S8 I I RORE ™ E R R
B PUE, CEBAENEKEST RGNDUE GAE . B R B E b PRI f H W RO I R
DUB /NERAER . B R JE . K-W 25 15T R B /N EREF AL S B /N Bk v B I SRR D 32 i B AR AL
i R F BERIUAFFEMERME R AR KM R EiE[2]. BT 7C AR AL 32 B2 78 8 A% R 2
MR, MRsh /M SCs . MR 8 . NS SO S 3L FAE S B I . it
5T 3¢ B 200 it P 3 e a2k ) 2 11 791 5245 (pattern recognitiong receptors, PRRS) A LATR 5 4 fig e « vkl LA K.
— S HE IR AEOC 2 T, AT A 4 & A2 5 T (pyroptosis), 3R TTT S 20 IF Th BE AR H 2 E 3]

N ESHAET B FE I T (apoptosis) . £ET-. IRFEHEIE T (necroptosis) = Fh 3= Z 0. 2001 5= Cookson
S5 N IRAE ELR AN B H R 1 IR AR 5 2 I 2R 1 R A& R /K A -1 (caspase-1) A RSB T T X, HK
Hawdaoh “aufufETs” [4]. el RIS 5 R A B BTUIE MBS caspase #EMiTI#| Gasdermins (GSDMs)
RUNLEE A, 8143 Gasdermins 2508 £ 1 B i FLE A 7R AT FLAE A 0 N s b, 25 84 s b LR
TERG A BB T AR 2 L P 5 B R SR DR PR T [5 ). E AT I FE AR AN [ A 5 R 0 40
ETRAS N =MigE: Gl MERE. JEL MK MEIRTE . caspase-3 /T & /MK
TV TE NZRE R B 0 B /N ER Y R i B E R 4P BN B A W23 T AR AR TR AR .
ZERIR FAEIE A A =R R TR AR A R AR AN W RO B R R I AR S AR T AR SR R B AR AL, IR A
TER 229078 PR3 B 93 RO ) 25 ) B AH0T 1) R e R 2%

2. SRR S ARG T R ek B E IR
21, BHRKENMERE

28 B G /IMA IR AR 2 1 LS S iE LI caspase-1 V%] GasderminD (GSDMD), M T 5 £ 4 i & A A5
T2, FZEIFIE 1L caspase-1 ) L5 5 5 &4 2 1% /MA (inflammasomes) , ¥ & HH %8 14 /M4 32 4453 ¥ (sensor
molecule). L% ASC (the adaptor protein)l caspase-1 Hij {4 (pro-caspaael)ZH ik, & VLK) 48 1t /M 5244
4 F4 NLRP3. NLRP1b. NLRP6. NLPC4. AIM2 LLK Pyrin, ‘B4R LATR S5l 5545 B ) A 5 (6]
NLRP3 j& NLR S 5 40 £ 1T 5 2 5k SR s VI & Ve /MAR il 3244, H RTHIBE 7S C48IESE 1 i NLPR3
S 20 PR AR T AERE R B 0 2k e i R OBV E L W B B s LI K 42 T NLRP3/capase-1/IL-18
G5 HEEE T R AR TS, 7E NLRP3 J: P Bl i B 008 R o3 B i /N BB o, caspase-1 BA K IL-18 ()
B B H DR 2] TR AR 7],
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B PRI B A% R 1 S AR AR AR B AL R N, 7R SRR S T T BORE 21k 247 (advanced
glycation end product, AGE)F12& [ C it &= A2 DA ZRRIAR (145475, IR S8R 2RI it 1 A it 800 SR 2
[ H.{F & [ (thioredoxin-interactingprotein, TXNIP). p38MAPK {5 5B % f1#Z% K F-Kb (nuclear factor kap-
pa-B, NF-«kB)& 5 il B fie s BR ARV M S (ROS) 17742, ROS Y™ AL I80E 7 NLRP3 R PE/MA, AT F 2L
TREPRI R A B AR TS A L8] [9]. ARG (punicalagin) VD8 — M BT AL T BSCE T RS PRI BRI
BAE ThAE, JEBEMK T NLRP3. caspase-1. GSDMD f#iA[10]. N-ZEE-D-H & ¥ (ManNAc) & A4 IE
AR AR H MRV R & BRI AT, E SR (1) — D00 58 R B Ab 78 ManNAc 7] LLidE i #1] DN /N B )
A b4 S ROSINLRP3 15 518 B 1F M ek i /2 A B AR T2 11]

T KRR IS RNA (INcRNA)FIHZE RNA (MIiRNA) [EJ#E BT LAZERE FRI% B V8 o B s 5 T
NLRP3 {isuS #EMZ S AT, Kl E 5L 5 (GAS5). KCNQLOTL £:[K, ##%AH K il
e Y 1 FEBE(MALATL). miR-23 2£[12]. KCNQ1OT1 K8 T KAk IEgw i RNA B—Rh, BEAER)
— IR N T K ILDTER KCNQLOTL ] LAZZ AR 40 M £E T I el C57BL/6 /N R HI-CIEDhREA A 44k, 14
A1 SIS TR VIE B G BR T DA sk B BR 5 o UL B - caspase-1 R 3 M T 410 Hh1) I Ja 9 o LG 1) O AR
[13], C5b-9 1E A HMAIRIE J5 T 1 A vity 8 4 7= 4 5 i P 1) S 3R (1 45 A T A sC5b-9 1] LLYE NLRP3 M
M- FEBUE M R A BT [14], BB —BUARSMIF 78 K I sChb-9 1EZ 1T Fiff KCNQLOTL 1A MM
MR LT, PTBR KCNQLOTL HyZIA W] LK sC5b-9 Fir /S i & 4 AR T-[15]. [ A —TaH 5
R INBTFEAR AT 45 7] L@ T MALATL/miR-200c/NRF2 15 Il 22 /iR kA EE N 10K RS A= T2, M=
A IR AP A FH[16]

Zx b, HETMRE AN NLRP3/capase-1/1L-15 {55 Hl7E M PR3 B 993 & A6 i R 2 Hhod i A 52 % Fh
R S TR AR, T A T BB o 75 IR Ve T 2 A P PR K R S 56 v R IR R SR R 2
W (a0 W A 2 e iz 2) T DA I BELE NLRP3 (380 Sk 21 ORI [17], e H RTIG RS T
B 0 - R LIS R 1 2 7 (SGLT-2i)Fl — Ik E-4 #5177 (DPP-4i) [RIRE AT LIt _bik )7 =
FATEN B AE A FH[18]. WIBKR B f-REBRA L-4 R FRALR A K, EAR A R A bS58 v ik i v L
BRI /E T caspase-1 SKREZMRNE S Fir 51 RS (1 2 40 M5 £ [19] -

2.2. BN NMERE

L& M IEIE 2 2011 4F kayagaki 55 N B KR L IF 4 H ) — RS [F] T 42 g AR 1 £ T2 20[20],
caspase-4/5 (NZE)A capase-11 (5 2) R DA B 42 10 71 200 B Jo w00 o =2 e € 91 P 40 i B 1) = 2 1l o) I 22 i
(Lipopolysaccharide, LPS)J32#IWIIE, /5 EHVIE GSDMD {15 N 5 i M B fE TRk A4
[21]. H caspase-11 Fri#ii 1 GSDMD [F# m BLIZ ] 12 i2F NLRP3 fir /i 3 ) caspase-1 i, DL IL-18
M55 uh[22] . (EAFFEERIZ, caspase-11 [FIFFERT LAUIEZ 48 -1 (pannexin-11)-5 40 i Py £ 25 1 A1 i
PLR ATP [RERR, B Es-1-4MAaT LAY NLRP3 [RI¥es I T B il &k AR 5T, ATP BT LS8 ATP
WA P83 P2XT 2 AR M 0E HEIM R NLRP3 AT 40 i & A= 5 T2 [23]. A NLRP3 7E R4 i 1%
20 M £E T T R B T — 2 E . A SEI0 R B R /N B (1) caspase-11 L& GSDMD [k 34
b, ISR RS BIAE SRR AR AR IR AN RS 4 R I T caspase-4/11 FI GSDMD
FIKMIG I, T4 GSDMD Fl caspase-11 IR AT DL 35 (1 58 08 R /N BRI B Dh eSS4k DL B A 2
MR, ZT TR L T 3RS S R MR/ NRIRAR [RIREAE B LR 1 0 1 R A i 5 2k p R B TR, (HE
PRRLHIMT 75 Bt — 20 i 7 SR 2 [24]. Toll ££5244k 4 (Toll-like receptorsd, TLRA)TE G ALK G % v & vh
AR 7 EEAEN, HATBhE R MyD88 i — Bl NF-«B TS24 i K 5~ &% ROS BJf[25], A
WER R TLRA 7] LU 5L caspase-1 [I30% PA S caspase-11 [k (K48 0, #E S B AT K A4E[26].
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G502 WIHE R B R B NS IR 5 TLRA 1 GSDMD IR H 56, EMR A LA R A 4h 526 v v i
A LA S TLR4A (R IA 1IN . GSDMD (K] 1 LA & IL-18 F1 1L-18 (KBTI, T 458 A TLR4 30571 (40 TAK-242)
A1 NF-xB 0I5 (G 756 PYER) T LSS TR BE RN [27]. IRt TLRA FT NF-xB #0551 [ FE AT DAVE A Sk
R R0 R R T T T L RE A

2.3. caspase-3 T SFHIX M /NMEIREFE

BEAE (AR 5T IN N capase-3 SAHMIIE T- MR AR R &), SR EIE AR 5T RA/EH GSDME FRiA M ik
N4 capase-3 Jiiid GSDME {F4ifiu R AT AR T, [ E#A GSDME Rk Mgt K&k
AR T2 [28]. 2017 4 A BFFUR I LS T 25 (A ARFEIA T A %) T DURE 2 1 )% GSDME %
Fe L N Imgb ek, A0 LR B i A R AR A AR T2 [29] . — TG TR 580 GSDME /-5 (148 i
FETAE /N RS B B0 R HL R 1 T 76 B : GSDME-/-[R/N BB 55 [ R ER R, TEARAN N /I
& b 40 i (renal tubularepithelial cells, TECs)H [AlF¢ M %<5 GSDME {2k | 4f i fiE Tk 4, T il
caspase-3 [FIFER] CARHWT GSDME [0S, AT Sl I ER 75 T 14 i AR T2 DA S T REIRIR [30]. 75 S HE IR
i BRI OCTT T, Wen 25 NI Z-DEVD-FMK A L@ 1| GSDME SRZEAR = HE A EE T 1R B /e b 41
PP 4k R PR B0 T Sk FEARORE R /s BRI B RSP R B /N R 2R 44k, AT 21 2503 ' Th R A H
[31]. [RItkERXT caspase-3/GSDME 5| (14 M A5 T R B2 A SR TG T7HE FR I B 993 (6 — AN Ik 9207 1) (0 i
&) Z-DEVD-FMK), i1 GSDME 772 [ caspase-3 #1551 Ac-DMPD/DMLD-CMK A] L 5. 2 #l ] caspase-3
BOE FEFRK GSDME HIZRIA /K-, H FT BB FE N i 70 o] LA IEE et REL 0T 24 i R 0 200 A e ) 248 P O
TANEE TSR TR St T D e 3 v [32]), 171 A2 75 BELEHE PR3 o3 o [R5 12 00 o) 2850 v i 21 DR A7 U 24
(A F 5 B — 2B I AL

3. [REE

B PR 9P B0 R R A SR AL 2 R 28, B RGO TR AL B A o e 18, dEfefE TR
N— MU P AR TS, TR AR IE K caspase 1Y% Gasdermins A5 4 A Ji5 pl £L IR 540 B N 2549 K
AR SFEAN T, TN EAUARH L1405, BRI AR VOV ET TR A BT/R 2EI B . HIV DL —
B b5 RGP T ORE T AR, AN E T MR TR SRR BRI R e, DR
— U ] Fi I R S FH B B FH AT S PR T2 20, R H AT AR TOERE R Bt ML AN e
Wik — AR R PRI B9 e R A T BRSPS 5 3 W PR B AR AL SR FR BE 2R T A &
KEEL,

&5k

[1] Saeedi, P., Petersohn, I., Salpea, P., et al. (2019) Global and Regional Diabetes Prevalence Estimates for 2019 and
Projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9™ Edition. Diabetes
Research and Clinical Practice, 157, Article ID: 107843. https://doi.org/10.1016/j.diabres.2019.107843

[2] Yang, Z, Feng, L., Huang, Y. and Xia, N. (2019) A Differential Diagnosis Model for Diabetic Nephropathy and
Non-Diabetic Renal Disease in Patients with Type 2 Diabetes Complicated with Chronic Kidney Disease. Diabetes,
Metabolic Syndrome and Obesity: Targets and Therapy, 12, 1963-1972. https://doi.org/10.2147/DMS0.5223144

[3] Hutton, H.L., Ooi, J.D., Holdsworth, S.R., et al. (2016) The NLRP3 Inflammasome in Kidney Disease and Autoim-
munity. Nephrology, 21, 736-744. https://doi.org/10.1111/nep.12785

[4] Cookson, B.T. and Brennan, M.A. (2001) Pro-Inflammatory Programmed Cell Death. Trends in Microbiology, 9, 113-114.
https://doi.org/10.1016/S0966-842X(00)01936-3

[5] Wang, K., Sun, Q., Zhong, X., et al. (2020) Structural Mechanism for GSDMD Targeting by Autoprocessed Caspases
in Pyroptosis. Cell, 180, 941-955.E20. https://doi.org/10.1016/j.cell.2020.02.002

[6] Komada, T.and Muruve, D.A. (2019) The Role of Inflammasomes in Kidney Disease. Nature Reviews Nephrology, 15,

DOI: 10.12677/acm.2022.127962 6674 I IR 2= =23t e


https://doi.org/10.12677/acm.2022.127962
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.2147/DMSO.S223144
https://doi.org/10.1111/nep.12785
https://doi.org/10.1016/S0966-842X(00)01936-3
https://doi.org/10.1016/j.cell.2020.02.002

FER, BB

(71
(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

501-520. https://doi.org/10.1038/s41581-019-0158-z

Wu, M., Han, W.,, Song, S., et al. (2018) NLRP3 Deficiency Ameliorates Renal Inflammation and Fibrosis in Diabetic
Mice. Molecular and Cellular Endocrinology, 478, 115-125. https://doi.org/10.1016/j.mce.2018.08.002

Gu, C.M,, Liu, S.M., Wang, H.Y. and Dou, H.C. (2019) Role of the Thioredoxin Interacting Protein in Diabetic Neph-
ropathy and the Mechanism of Regulating NOD-Like Receptor Protein 3 Inflammatory Corpuscle. International Jour-
nal of Molecular Medicine, 43, 2440-2450.

Li, W., Wu, Z., Ma, Q., et al. (2014) Hyperglycemia Regulates TXNIP/TRX/ROS Axis via p38 MAPK and ERK Path-
ways in Pancreatic Cancer. Current Cancer Drug Targets, 14, 348-356.
https://doi.org/10.2174/1568009614666140331231658

An, X., Zhang, Y., Cao, Y., et al. (2020) Punicalagin Protects Diabetic Nephropathy by Inhibiting Pyroptosis Based on
TXNIP/NLRP3 Pathway. Nutrients, 12, Article No. 1516. https://doi.org/10.3390/nu12051516

Gao, Y., Ma, Y., Xie, D. and Jiang, H. (2022) ManNAc Protects against Podocyte Pyroptosis via Inhibiting Mitochon-
drial Damage and ROS/NLRP3 Signaling Pathway in Diabetic Kidney Injury Model. International Immunopharma-
cology, 107, Article ID: 108711. https://doi.org/10.1016/j.intimp.2022.108711

Zuo, Y., Chen, L., Gu, H., He, X., Ye, Z., Wang, Z., Shao, Q. and Xue, C. (2021) GSDMD-Mediated Pyroptosis: A
Critical Mechanism of Diabetic Nephropathy. Expert Reviews in Molecular Medicine, 23, E23.
https://doi.org/10.1017/erm.2021.27

Yang, F., Qin, Y., Lv, J., et al. (2018) Silencing Long Non-Coding RNA Kcnqlotl Alleviates Pyroptosis and Fibrosis
in Diabetic Cardiomyopathy. Cell Death & Disease, 9, Article No. 1000. https://doi.org/10.1038/s41419-018-1029-4

Zheng, J., Zhang, S., Chen, H., et al. (2020) Protosappanin-A and Oleanolic Acid Protect Injured Podocytes from
Apoptosis through Inhibition of AKT-mTOR Signaling. Cell Biology International, 44, 189-199.
https://doi.org/10.1002/cbin.11218

Zhang, C., Gong, Y., Li, N., et al. (2020) Long Non-Coding RNA Kcnglotl Promotes sC5b-9-Induced Podocyte Py-
roptosis by Inhibiting miR-486a-3p and Upregulating NLRP3. American Journal of Physiology-Cell Physiology, 320,
C355-C364. https://doi.org/10.1152/ajpcell.00403.2020

Zuo, Y., Chen, L., He, X,, et al. (2021) Atorvastatin Regulates MALAT1/miR-200c/NRF2 Activity to Protect against
Podocyte Pyroptosis Induced by High Glucose. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, 14,
1631-1645. https://doi.org/10.2147/DMS0.S5298950

Wang, C., Pan, Y., Zhang, Q.Y., et al. (2012) Quercetin and Allopurinol Ameliorate Kidney Injury in STZ-Treated
Rats with Regulation of Renal NLRP3 Inflammasome Activation and Lipid Accumulation. PLOS ONE, 7, e38285.
https://doi.org/10.1371/journal.pone.0038285

Birnbaum, Y., Bajaj, M., Yang, H.C. and Ye, Y. (2018) Combined SGLT2 and DPP4 Inhibition Reduces the Activa-
tion of the NIrp3/ASC Inflammasome and Attenuates the Development of Diabetic Nephropathy in Mice with Type 2
Diabetes. Cardiovascular Drugs and Therapy, 32, 135-145. https://doi.org/10.1007/s10557-018-6778-x

Zhu, W., Li, Y.Y., Zeng, H.X., Liu, X.Q., Sun, Y.T., Jiang, L., Xia, L.L. and Wu, Y.G. (2021) Carnosine Alleviates
Podocyte Injury in Diabeticnephropathy by Targeting Caspase-1-Mediated Pyroptosis. International Immunopharma-
cology, 101, Article ID: 108236. https://doi.org/10.1016/j.intimp.2021.108236

Bergshaken, T., Fink, S.L. and Cookson, B.T. (2009) Pyroptosis: Host Cell Death and Inflammation. Nature Reviews
Microbiology, 7, 99-109. https://doi.org/10.1038/nrmicro2070

Shi, J., Zhao, Y., Wang, Y., et al. (2014) Inflammatory Caspases Are Innate Immune Receptors for Intracellular LPS.
Nature, 514, 187-192. https://doi.org/10.1038/nature13683

Kayagaki, N., Stowe, I.B., Lee, B.L., O’Rourke, K., Anderson, K., Warming, S., Cuellar, T., Haley, B., Roose-Girma,
M., Phung, Q.T., Liu, P.S., Lill, J.R., Li, H., Wu, J., Kummerfeld, S., Zhang, J., Lee, W.P., Snipas, S.J., Salvesen, G.S.,
Morris, L.X., Fitzgerald, L., Zhang, Y., Bertram, E.M., Goodnow, C.C. and Dixit, V.M. (2015) Caspase-11 Cleaves Gas-
dermin D for Non-Canonical Inflammasome Signalling. Nature, 526, 666-671. https://doi.org/10.1038/nature15541

Yang, D., He, Y., MuOz-Planillo, R., et al. (2015) Caspase-11 Requires the Pannexin-1 Channel and the Purinergic
P2X7 Pore to Mediate Pyroptosis and Endotoxic Shock. Immunity, 43, 923-932.
https://doi.org/10.1016/j.immuni.2015.10.009

Cheng, Q., Pan, J., Zhou, Z.L., et al. (2021) Caspase-11/4 and Gasdermin D-Mediated Pyroptosis Contributes to Po-
docyte Injury in Mouse Diabetic Nephropathy. Acta Pharmacologica Sinica, 42, 954-963.
https://doi.org/10.1038/s41401-020-00525-z

Xie, C., Wu, W.,, Tang, A., Luo, N. and Tan, Y. (2019) IncRNA GAS5/miR-452-5p Reduces Oxidative Stress and Py-
roptosis of High-Glucose-Stimulated Renal Tubular Cells. Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy, 12, 2609-2617. https://doi.org/10.2147/DMS0.S228654

Napier, B.A., Brubaker, S.W., Sweeney, T.E., et al. (2016) Complement Pathway Amplifies Caspase-11-Dependent

DOI: 10.12677/acm.2022.127962 6675 Il R 125 23k i


https://doi.org/10.12677/acm.2022.127962
https://doi.org/10.1038/s41581-019-0158-z
https://doi.org/10.1016/j.mce.2018.08.002
https://doi.org/10.2174/1568009614666140331231658
https://doi.org/10.3390/nu12051516
https://doi.org/10.1016/j.intimp.2022.108711
https://doi.org/10.1017/erm.2021.27
https://doi.org/10.1038/s41419-018-1029-4
https://doi.org/10.1002/cbin.11218
https://doi.org/10.1152/ajpcell.00403.2020
https://doi.org/10.2147/DMSO.S298950
https://doi.org/10.1371/journal.pone.0038285
https://doi.org/10.1007/s10557-018-6778-x
https://doi.org/10.1016/j.intimp.2021.108236
https://doi.org/10.1038/nrmicro2070
https://doi.org/10.1038/nature13683
https://doi.org/10.1038/nature15541
https://doi.org/10.1016/j.immuni.2015.10.009
https://doi.org/10.1038/s41401-020-00525-z
https://doi.org/10.2147/DMSO.S228654

PR, BRI

[27]
[28]

[29]

[30]

[31]

[32]

Cell Death and Endotoxin-Induced Sepsis Severity. Journal of Experimental Medicine, 213, 2365-2382.
https://doi.org/10.1084/jem.20160027

Ma, J., Chadban, S.J., Zhao, C.Y., et al. (2014) TLR4 Activation Promotes Podocyte Injury and Interstitial Fibrosis in
Diabetic Nephropathy. PLOS ONE, 9, e97985. https://doi.org/10.1371/journal.pone.0097985

Wang, Y., Gao, W., Shi, X., et al. (2017) Chemotherapy Drugs Induce Pyroptosis through Caspase-3 Cleavage of a
Gasdermin. Nature, 547, 99-103. https://doi.org/10.1038/nature22393

Rogers, C., Fernandes-Alnemri, T., Mayes, L., et al. (2017) Cleavage of DFNA5 by Caspase-3 during Apoptosis Me-
diates Progression to Secondary Necrotic/Pyroptotic Cell Death. Nature Communications, 8, Article No. 14128.
https://doi.org/10.1038/ncomms14128

Xia, W., Li, Y., Wu, M,, et al. (2021) Gasdermin E Deficiency Attenuates Acute Kidney Injury by Inhibiting Pyropto-
sis and Inflammation. Cell Death & Disease, 12, Article No. 139. https://doi.org/10.1038/s41419-021-03431-2

Wen, S., Wang, Z.H., Zhang, C.X., et al. (2020) Caspase-3 Promotes Diabetic Kidney Disease through Gasdermin E-
Mediated Progression to Secondary Necrosis during Apoptosis. Diabetes, Metabolic Syndrome and Obesity: Targets
and Therapy, 13, 313-323. https://doi.org/10.2147/DMS0.S242136

Xu, W.F., Zhang, Q., Ding, C.J., et al. (2021) Gasdermin E-Derived Caspase-3 Inhibitors Effectively Protect Mice
from Acute Hepatic Failure. Acta Pharmacologica Sinica, 42, 68-76. https://doi.org/10.1038/s41401-020-0434-2

DOI: 10.12677/acm.2022.127962 6676 Il R 125 23k i


https://doi.org/10.12677/acm.2022.127962
https://doi.org/10.1084/jem.20160027
https://doi.org/10.1371/journal.pone.0097985
https://doi.org/10.1038/nature22393
https://doi.org/10.1038/ncomms14128
https://doi.org/10.1038/s41419-021-03431-2
https://doi.org/10.2147/DMSO.S242136
https://doi.org/10.1038/s41401-020-0434-2

	糖尿病肾病中细胞焦亡致病途径的研究进展
	摘  要
	关键词
	Advances in the Pathogenesis of Pyroptosis in Diabetic Nephropathy
	Abstract
	Keywords
	1. 细胞焦亡与糖尿病肾病
	2. 细胞焦亡三大途径在糖尿病肾病中的作用机制
	2.1. 经典炎性小体途径
	2.2. 非经典炎性小体途径
	2.3. caspase-3介导的炎性小体途径

	3. 展望
	参考文献

