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Advances in the Molecular Mechanism of Pyroptosis

Involved in the Occurrence of Tumors
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Abstract Pyroptosis is a new lytic, pro-inflammatory programmed cell death characterized by cell swell-
ing, plasma membrane perforation, and release of inflammatory small molecules. It is a programmed cell death
model mediated by cysteine aspartic acid specific protein kinase 1, 4, 5, 11, which mainly depends on the pore-
forming activity of Gasdermin protein family. At present, it is found that pyroptosis participates in the occurrence
and development of many diseases, especially its dual functions of promoting and inhibiting the formation of tumor
and tumor microenvironment. It makes pyroptosis becomes one of the latest hot spots in the research of anti-tumor
drugs. In this paper, the molecular mechanism of cell pyrosis in tumorigenesis is reviewed. The significance of py-
roptosis in cancer treatment is discussed in order to provide a reference for targeted therapy of tumors.
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IR BB (necrosis). 1 T-(apoptosis) & £ T (pyroptosis)
S0 AN [F) T 40 M R T BOR B, 4 M AR T — R
21 0 % 32 ) IO TR AR ) 5 9T 25 4 S, |
GSDM{(gasdermin) %< % £ H /1 T 51 JBE 7 £L JF £ b
RS TR TR 20 AR P SR T 1 7 1, B A
T o IR AS B B R R R - R AR
liff (cysteine-aspartate-specific protein kinase, caspase)
AR FEIEAS b, R T 40 S I 40 A A
DNA F B R A7 A 1c 4 2 FH P4 A B 5K 85 11V (annexin
V)Gt VRS I G A0 B S s B, B B T
1~2 nm ) 3£ 58 E FL HJ5BZ TV iR, B A2
I3 T BTN I 51 AR BRI ST s S A RFAERT . B

T4 6 R LI T A, PRV DR TN T A A4
Jo PRI 2L S 0 AR R SR T AR, BAAM
F RGO TR, HE T FEDNA 2 I B AL
TR RG24 AR RE e 2, HIENIEDsTe; AT B A
Az e, (HJC B2 AT WA DNAMS(DNA ladder)
W, B PR B Ak 5 28R e RN
1ES2 BT AT AT BHKP T G R 5 5 M 28 R 1)
U A FH, 0 T8 B o 98 oA 35 R 0 Jl B A i g
A1) ) X EE T RER, DR M4 i A T T DA B S TR
RS RRIERE, WA TR R A R 28 AR A
ST [R5 AR A R4 1 AS 5] g 4 g A=
P XU A 2 IR %o 6 T A T L ik — 25
T 58 R4 ] o] B BRI R ¥R 97 BT B AR T Tl AR
SC A B M A TR R AR AL B 5 TR 2 [l 1
F R RIBATLRIR, DR R m R T iR 5% .

1 HRET RIS FHLE
1.1 Caspase-1{KEBETIER

2995 AH 2% 4 1152 X (pathogen-associated mo-
lecular patterns, PAMPs)a451%1 #H 5% 73715 X (damage-
associated molecular patterns, DAMPs) il 41 i )5 ,
JF R AR IR ) 524K (pattem recognition receptor,
PRRs) 3% SRAC I 1% % 3¢ 5T~ (nuclear factor kappa-
light-chain-enhancer of activated B cells, NF-kB), B,
I 3T i S8 FE A T (tumor necrosis factor, TNF)F1 [
Y1 ff /> % -1B(interleukin-1p, IL-1P)7 il B 3% 45 &
PN G N B2 AR SE NF-x B, b i b i 08 T A
IR A R 1 REASSERE O, sk i AH
AR R 45/ 3 [NACHT (domain present in NAIP,

CIITA, HET-E and TP1). &R & £ H & 45 #15,
(leucine-rich repeat domain, LRR)F1IE I 45 #)45 (pyrin
domain, PYD)]. caspase-1. pro-IL-1B. prolL-18%5%
[k, H, NACHT. LRR. PYDI#[q] H At
B L F] 25 B BUNOD . LRRFI IS g &5 #4) 35 2 1
3(NOD-, LRR- and pyrin domain-containing protein
3, NLRP3) R JEAA, ik EIHIFINLRP3 55 /IMA T ¥
ificaspase-18caspase-11, Y]#|GSDMD. GSDMD/&
Fr A % M caspase R 2L KM, A 18 Hlicaspase-1+
caspase-4. caspase-5. caspase- 11T E B H N- i
SERIEE A B LTS, U0 E S 5 B N- 0]
TR L 7 2 20 P 5 o - 1O B3 AR R s T U LI AH
GG, Al I HH I 5 R Ak i B AL, P R EIL -
1B+ IL-18HRET, 51 KA AE T [F]), B I
caspase-1 22 BEAN AL N TL-18. TIL-1BHTAR BB, 5l
R Th14H Mg 73 WATTAL -t 2= (interferon-y, IFN-y) J& K
B NIRRT (R ARATP. A 5%,
b SR NI R e R ) R S R IRENE PN
T SRS ()
1.2 Caspase-4. caspase-5, caspase-11{{ i &l ££
TIiRRE

22 KPR R LR JS, 40 56 IR 2 K (lipo-
polysaccharide, LPS) FJ ¥#i% caspase-4. caspase-5+
caspase-1191 52 £ &1k kA E T, HLPSE
JBE b TollFE 32 AR 45 & Ja, B N PR 15 81
3(interferon regulatory factor 3, IRF3) 5 NF-xkBF I
HIFN-BII R IE, IFN-B/r i B JE A S5 6 i it =
Ak (interferon receptor)#H45 &, L iflcaspase-113E K
[ Ik, — J5 [, caspase-117] LA 1] #GSDMD E.
R P AT, (AR HOE e % (2 ZENLRP3 4 14
HI2E BT A caspase- 1 AR E AL S IL-1B ) B 55—
J7 1f, caspase-11 845 57 14 25 & LPSAE 1 4% B 2
H 1(pannexin-1) 151k, T 2 N ATPAML, g i3 N5
14 At 5% /K (purinergic receptor) P2X7 () i%, 5 £ K
R IEE TR, K CIAMARL, Ca it i Bedh i
JEERR L, R 51 AL SORE SN, SIS T BR T
caspase-114F, i JF Hcaspase-4. caspase-5tF 251
rThReM(E2).
1.3 Caspase-3NTSHETIERR

AR, NATTARI, F2eth 7 254 7] BL ¥ cas-
pase-3 1< A AL (1) 41 1 I - %% 4K Flicaspase- 146 24 (1)
o A To0T A S B A AR R, 24 ¢ R HeLa
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________ > Signal transmission
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Pore-forming

PAMPsE{DAMPs 5 Jifi il b )45 5 i 52 4 45 & 5, SR PRR. pro-caspase-1FIASCAL % ENLRP3 & M4, Fifi fm, 20 % FINLRP3 % M 44 3] pro-
caspase-1 5L IR LGN AR P IL- 18 FNIL-1 BRI 2R 751k [ caspase- LB ) E|IGSDMD 5| K I AE T, HAERHEIL-18. TL-1BIXFE 1A 4
E 7> T IR

After PAMPs or DAMPs binding to specific receptors on the plasma membrane, NLRP3 inflammasomes are assembled by PRRs, caspase-1 precursor
and ASC. Subsequently, the assembled NLRP3 inflammasomes stimulate the activation of caspase-1 precursors and promote the maturation of
intracellular IL-18 and IL-1p precursors. The activated caspase-1 triggers pyroptosis by cleaving GSDMD, and promotes the release of mature
inflammatory molecules, such as IL-18, IL-1f.

E1 Caspase-1{KIRIETIRR
Fig.1 Caspase-1-dependent pyroptosis pathway

YA M1 GSDMD, [R] i % [B] 45 4 caspase-3 V) FI A7 s 1)
GSDMD /5, HeLa4fl it il iy ) T 2 A FE T, BRI
b, AR AT 2 4 A B AT I, 2 e 4 i
i 2 1K IGSDME W 1] DL i T2 8 4 o R T2, 5
GSDMD— ¥, GSDME /& GSDMZ ji% 1 [ {57 25 1,
LN F1C-3iy 25 A4) 358 47 7E caspase-3 V) I AL 112
GSDME— L4 §) F1, FEN-3im i ] 4 7 45 & I L 1)
4,5- "R W MR ULNE, i BOTURE 7 L, ARV
B, SR AR AT M(E2).

2 MRETSHENXR

AT AR —FH R B TET T 2, b i
PO B XU P — 7 T, 20 T e 6
SN /MR B 5 (RS IR AT LB T, 0 e 4
TS, 55— T, SO0 IMATH B FIT
TS & R . TR T I PO B (3%
D)o DL, WA AR T R M 1

DA 4838 I MR 1R T I A T B R VAR IR 2 A
IR VR T R 25 ) B TRE SRR R 25
2.1 HRETS5EE

e 2 P S R R R R A R SR T
BB R 0 R, e R R AR AR A
AN B AN | 1T R AT B8 (Helicobacter pylori) & %5
i Ji R 1T 51 6 ). BF 7R 3R BH, NLRC4s2 — Fh e %
WA E TR E W RER PN EZEARES
Y, fE B h S . B AR, Rk
NLRC4 7] LA EPAMPsEDAMPs 1) 5] 81 T i3 5%
caspase-1, 7% 1t il caspase-1Y] #|GSDMD T 3 B &
HMAET: . B T NLRC44F, NLRP3 %0 /ML 5
I B RS AR A R, wy TR T B R
MG, H AR NF-«BfE 5l Bk i, b
WIL-1. IL-6 TNF-ofl N B A K PE 7 138k, AT
OIS 40 i b 5 8 T DG B AORE AR IR 51 R B e A e
FETRN O R (1 33—
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......... > Signal transmission

PAMPs/DAMPs
such as LPS —— > Direction of material
transport
= DR
7 \
/' TLR4 \ P2X7
v \%
________ e >
K NF-kB IRF-3 7
— e — . ATP
cr I\i:‘N Caspase-4/5/11
S ' Caspase-3
o v N
, “~->Caspase-4/5/11 “"O
Ca . A e /
S > : E AN VAN
i E o J U GSDME
: : 2
i ! ZIN ,’
5 5 GSDMD U \
i IFNAR Vi
v
IFN-B ~ ===========- > Pore-forming

LPS 5 H 32 {455 A LL_EIHIFN-BIFI 34 o TEN-BIRI = PIIFN-BRE B 5 B 2 R 454 J5, 5 caspase-4/5/11 7215 _E i, NLRP3 2 /IMAZH %,
A I TR A L 2R - LRI E B | A 2 B T U A,

GSDMD H VI LS R AEV BRI, B SAMAET =4 [FRF, 7 PEcaspase-1f
AFEAMMEANATP. K\ CIAMR, Ca’ N, MEM REZARP2X TG . U 5 fL A A 02 A, caspase-3i4 A LAY)EIGSDME, M1 & #E B AL
(B

The binding of LPS to its receptor can upregulate the expression of IFN-f. After release of IFN-p, the expression of caspase-4/5/11 is upregulated. The
binding of IFN-B and its receptors results in upregulating of caspase-4/5/11 and assembling of NLRP3 inflammasomes. At the same time, GSDMD is
cleaved and inflammatory substances are released, directly imduing pyroptosis. Meanwhile, inflammatory caspase promotes the activation of pannex-
in-1 and induces multiple downstream signals, including efflux of intracellular ATP, potassium ions (K*), and chloride ions (CI"), flux of calcium ions

(Ca"), P2X7 activation, plasma membrane pore-formationm, as well as pyroptotic cell death. In addition, caspase-3 can also cleave GSDME, which

play a pore-forming and pro-inflammatory role.

E2 FEcaspase-1{KIFIBIHIETIRR
Fig.2 Non-caspase-1-dependent pyroptosis pathway

®1 EHEBRPRET

Table 1 Pyroptosis in cancers

AN g he st AW E D TE AL EEPEN
Factor Cancer type Biological function Mechanism Reference
GSDMD Gastric cancer Inhibit tumor growth Promote pyroptosis and inhibit the expression [16]
of Cdk2/cyclinA2 complex
GSDME Gastric cancer Chemotherapy inhibits tumor growth Activated caspase-3 can induce pyroptosis [12]
Angll Hepatocellular Inhibit tumor growth Induction of caspase-1-mediated hepatocyte [17]
carcinoma scorch death
SIRT1 Cervical cancer Induce cancer Inhibition of AIM2-mediated cell pyrogenesis [1]
TGF Prostatic cancer May promote tumor growth Inhibition of the expression of caspase-1 [18]
associated with pyroptosis
GASS Ovarian cancer Inhibit tumor growth Inhibit glucocorticoid receptor complex and [19]

trigger the formation of inflammatory bodies

leading to cell scorch death

1% PR 2 i s S AR AL 55 . G, T )R R
REN=ARE, B R SRR
AR T AT L2 5 R s o i AR A A JR P

l--\

JE % M B ¥ (hepatocellular carcinoma, HCC) &
T H WA R 2 —, mR TR r TR X,
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JIANGEPVE i i 41 5256 2 1L, caspase-11RE[S
S 45 A 4l B LPSAE i pannexin-1 /75 4k, Bl 5 41 i
P ATP P it Jf 38 S P2 X780 AT A2 IR 40 1 UNLRP3
RN, R 32T YEAL FR E Do~ IE VLS H
(a-smooth muscle actin, a-SMA)FITZY i Ji &5 [ 11 F;
IS BT IS 461k . NLRP3I R IA /N A I
B PR A IR . ARG IS A . T SR
J T A HEARILR Y 2402 TR A ) — AN
BE AR, FEAE AL 4k 22k e A8 23 i 9 FF i, TTINLRP3
FE 73 78 1 I 200 Jf o (%) Tk 3 38 RTP2 X 77E A1 ik i 41 4
AR SR A, I B R A AT e S A T AH DG R
A RS St 32 AR AH oG . TSR A W T R IR, TGF-B1/
Smad {5 T il ¥ 2 FF LT 4E A0 ) 3= SR g, T
TGF-Bl2 e it 7 4e L i) B E K 12 —. TGF-B17[
A4 fill caspase-1 1) 2 3k, a3k T 10 | TL- 1 B A 8 T3 2,
XL R AT T B 2 AR A ) i — 8 Ak, IR
2w, (AIHE AR RTE, W AR EET S
R NE I L1 T A SRR AR AR AL, I 1 JEUR T
T 77 1) R JERH, HEM W] BE 2 BT R AR I T R AR,
TERE T T A H A KA 3R

FETAH R RAIEARAE e A R R A R B
DIReANE . FEFFEF4Efh . FFRE A AT BT AR 3, 28
i /AR B JEE TR T 1R SRR 2 I Ja) FH B8 A, ) JER AP JHE
T A TR N R B Y O A LS, A8 /MR 2 2
PLEE TR A, T2 R — i A A TR I T 553, BHL
et 24 B B T L 5 A A HF i 1 R R R SR
T — Lo 1 20 B AR T B 25 R T7 A o — Pl
YRYT BT A, I B 5K 3R Ang TRl F R A
Jig A9 14 48 (reactive oxygen species, ROS) X NADPH
ZALEF4(NADPH oxidase 4, NOX4)& A 7K F, i
FETTAH R 28 R4 (NLRP3. ASC. caspase-1. IL-1B
88), FFRI™ A RREAN B B G A DG L R A 48U Ak
2. BEEREA2 . — BB EEE. T IRy FT T
HIZRIE, 75 Scaspase- 1/ T4l o A= 201,

2.3 METS5EHE

AR 45 [ B g i BIF 75 L ALI 201 84 A A 1Y 4k 7
N, A ERVE LN, B B0 R R N R R A
PR iR 5 DU AP0, T HAE R R E K, HE4 S
Ja B8 AR R, B U R AL AN A
i PR 28 B AE AL, DA Bt 428 i) B 2308 i Ao 2
LR A BE N E . maB NN
(high risk human papilloma virus, hrHP V)[4 /& &

B ) B R AR R, IR HPVI6AT 18 AN AT 4%
(R RFEE PR GLC4), HPVREE IS 7 8 2L N 4 B 5 &
T B G Ak, DLAANH] SI-184 52 HAE B 4
PEAF IR I3 T BRI A1) A 3 S 2 2 K] IR 5% £
PO REEETE RO B S, R R SN e ik
NIRRT, FEheHPVEH A P, FE T fE B 2 5
PEI> FIL-1BHI R IE 58 A A, AT BELIT 1 R 1%
AR R, PUERAE SR R 5 1 (sirtuin 1,
SIRT 1) 7E & 200 4 i H (1) R 1A R RelB mRNA £
SENE, HEMRZHAIM2I RIS . 2 ERSIRTIE, RelB
()R T ) L 38 5, ALM2 98 RE AR DG BE TR () R IA B 3
E, SR AIM2 RAEIMEA S I AR T,
24 MRETS5INERE

FEABRIE A, N SR 2 2o 1 de s I B E 2
—, R\ R EE WA e SE T R R, H TR AR
F7 AR T45%. HIEKIBT LR W], KA IGRNAL:
K 7 1 B S A5 (long non-coding RNA growth
arrest-specific transcript 5, IncRNA-Gas5)1F 4 i
FETIHE 5 0 RE N R 2 O B O A T 1 SRk
IncRNA-Gas5 e 75 3 I T2 4H 5 [ BE 2R 25 H (apopto-
sis-associated speck-like protein, ASC). caspase-1#ll
TL- 1 BT I ) B 9, AT I8 4 i A T2 [
i, IncRNA-Gas5 il |32 A7 75 T 4 & 10 08 7 i 3%
REWE S, W EEK, BRMGERGHK
FRHIFRIL, S RAEIMERIIE R, BRI 2T 8
12, FECH P E A AT PRk, AR TR R
VR R S g8 B — o B B AR T T VAR
2.5 MRETSEIVIRE

T4 g A 55 1 Rt R b R 44 2R =1
FEREAP SN, T LERAE, R N ) 45 S 1R e
(a0, DRI, A 55 6 A 0 e (4 0 ML I 2 A
FANLEREAT IR ANAE FT, LA RE 40 2 DLRE [ 7897
R R . /5 B B 55 A UL B K&
R0 SR s SN2 A 48 14 24 92 i, 3 M 8 PR B R AR A
A HE 2 (2 2 i e 40 P AR A 0 FE LR KB, — T,
FREY LA JERE S N R T 40 i B -7~ ] EAAE 23k o
A S5 —J7 I, SRGE NI BE U AL TGF-B,
M 41 il caspase-1 (/) € & S IL-1P ) B2 ARE JEC
IE AR, NLRP12t 2 AT 5TGF-BAHBA 1 T fig, v LAil
I 1 i caspase-15¢ 3 R IIL-1B+ IL-1842 i i 41)
JiR g 6 & AR 5 R R . TiNF-«BARISIRT 1 A] 3@ ik 4 45
caspase-18(GSDMD K [ ] 3 128 1M 175 & 41 M £5 7
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It 4F, IncRNA PVT1 7] L2 5 0 51 i (1) kA4 5
K, FiBRPVTIR 2% il caspase-37E /)N B Al 71 i
e 2 R IENT . Caspase-3 2 1EAE G AL T 258k
BB YR T HC S B0, caspase-3 1] LLYIEH 471
i 4 4L R I IGSDME S| R AN £E T, iE— 20 &
FEDUMRAE S, K Hecaspase-3/ S HIEE T2 A N
BT 51 i 3 ) YR T B — N B 9T 7 1)

3 RESRE

g% BRTIR, R — PP 5 FR P g M AE T
X, AR T K i GSDM R 1 5 1 Y L s 1, 18
it Z Fhicaspase Ml & PEK T KAEEH, 25 7 WH
R A SR E. B, X 5] AT 1 8N Y
GSDMZE [1 3 47 1 4% J2& 6 7 Il 988 10 38 3R s K AT
Z AR TR Bl hn, 325 EL o T
. F€ € FF. DHA. 2-(Z5 H Bt 3E) 2, 2k = H Lt
1 2 | e % 38 3 B0E GSDMDAE 1 96 4 i 2 704350,
GSDMETE % % /i J8 4 M Hh PR A= HR 36 A0 A% 1 T
B 0, DNA 3 4 52 Jig 40 1) 71 (b 175 At ) AT DA
it BEGSDME [ 3% 1% 51 & Il I8 4 i £ 12143637, ]
I, 2 e 40 P ()3 1 48R TT DA B caspase-3 11
GSDME 5 i 4 i fE 0210, i gi p i T i R 4R
R LS o e g 24 T AT 24 R U, TR AL
J7 25 5 GSDM R [ W0 71 I Bk 48 T R )
TR a7, b 4h, HBRAF/MEKA i 51 51 i
(200 PR £ T R 08 51 R P RE S SO SR AR AL,
i 245 14 B 8 208 IR T AMOR, X R AR T 3 B
Je G 8 S T 245 1 PR IR0 YE T FR 51 TR I T R
B AR H AT A0 GSDM AR A 5 B 52 7T LA 51 Kk
TS 5 MR HE T, AE 0] R A h 1 42 L3R IA K
SR 3 IR H BB T, DA R [R] Ak e S ) T i eg AR
(TR 358 10 7= A=, 15 98 T2 4 Jia T g 16 97 1 D% 4t i
TEo Ji4b, BTG R R M IR N 25 77 AR e 5 4H 21
A E FH, G0 78 2% 45 T 988 440 e ) [ B, 3 98
DR X 2 AR T N 0 M — o T X R
TCLE MR VA T A R DL B R IR N ER 78 ] Re ol
Ji R PRI 1R VR T SR R T B S
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