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Abstract

Pyroptosis is an inflammasome-induced lytic form of programmed cell death, and its main effect involves the release of
inflammatory mediators when a cell dies, resulting in an inflammatory response in the body. The key to pyroptosis is the
cleavage of GSDMD or other gasdermin families. Some drugs can cause cleavage GSDMD or other gasdermin members
cause pyroptosis and suppress cancer growth and development. This review explores several drugs that may induce pyrop-
tosis, thereby contributing to tumor treatment. Pyroptosis-inducing drugs, such as arsenic, platinum, and doxorubicin, were
used originally in cancer treatment. Other pyroptosis-inducing drugs, such as metformin, dihydroartemisinin, and famotidine,
were used to control blood glucose, treat malaria, and regulate blood lipid levels and are effective tumor treatments. By
summarizing drug mechanisms, we provide a valuable basis for treating cancers by inducing pyroptosis. In future, the use
of these drugs may contribute to new clinical treatments.
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Abbreviations PYD Pyrin domain

PFD Pore-forming domain IL-18 Interleukin-18

RD Repression domain IL-1P Interleukin-1p

BC Breast cancer ROS Reactive oxygen species

ESCC Epidemiology of esophageal squamous cell CARD Crystal structure of caspase recruiting domain
carcinoma ASC Apoptosis-associated speck-like protein con-

PRR Pattern-recognition receptors taining a CARD

PAMPs  Pathogen-associated molecular patterns LPS Lipopolysaccharide

DAMPs  Damage-associated molecular patterns GSDMD Gasdermin D

TLRs Toll-like receptors GSDME Gasdermin E

RLRs Retinoic acid-induced gene I (RIG-I)-like LDH Lactate dehydrogenase
receptors ATP Adenosine triphosphate

NLRs Nucleotide oligomerization domain (NOD)-
like receptors
NLRP3  NOD-like receptor protein 3 Introduction

The term “pyroptosis” is derived from the Greek root
“pyro”, meaning fire or fever, and “ptosis”, meaning falling.
It was coined to describe pro-inflammatory programmed cell
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Pyroptosis is regulated mostly by the gasdermin family,
which consists of six members, namely, gasdermin A-E and
DFNB59; most gasdermin proteins exhibit pore-forming
ability (C. Rogers et al. 2017; Y. Wang et al. 2017). Except
for DFNB59, which shows a divergent structure and short
C-terminal domain, other gasdermin family members are
composed of similar domains and overall structure (Kovacs
and Miao 2017; Corey Rogers et al. 2017). The pore-forming
domain (PFD) and repression domain (RD) of gasdermin
proteins are similar, but the sequences that connect them
differ (S. B. Kovacs & E. A. Miao, 2017; Kuang et al. 2017;
Z. Liu et al. 2019). Each gasdermin family member shares
an N-terminal domain and binds to acidic lipids, includ-
ing phosphatidic acid (PA), phosphatidylinositol phosphate
(PIP), cardiolipin, and phosphatidylserine (PS), forming
pores comprising 16 symmetrical pre-polymers within the
plasma membrane. Among gasdermin proteins, GSDMD
and GSDME are activated and function with superior char-
acteristics; however, the interaction of intramolecular frag-
ments in the C-/N-terminal prevents the activated N-terminal
domain from causing pyroptosis (Ding et al. 2016; X. Liu
et al. 2016). GSDMD was the first gasdermin protein to be
discovered, and it plays a vital role in pyroptosis (He et al.
2015; Kayagaki et al. 2015).

The inflammasome is a multi-molecular complex con-
taining pattern-recognition receptors (PRRs) and induces
pyroptosis upon activation PRRs recognize pathogen-asso-
ciated molecular patterns (PAMPs) of invasive pathogens
and damage-related molecular patterns (DAMPs) within
the endogenous pathogens, directly eliminating intracellular
bacterial species by the pore-mediated intracellular traps as
well as destroying the pathogen replication niche (Burdette
et al. 2021; Guo et al. 2015; Lamkanfi & Dixit 2017; Shi
et al. 2017). The PRR family consists of several members,
mainly including toll-like receptors (TLRs), retinoic acid-
induced gene I (RIG-I)-like receptors (RLRs) and nucleo-
tide oligomerization domain (NOD)-like receptors (NLRs)
(Fang et al. 2020; Sborgi et al. 2016; L. Wang et al. 2021a,
b). When PRRs recognize PAMPs or DAMPs, they induce
apoptosis-associated speck-like protein containing a CARD
(ASC), which forms supramolecular aggregates that connect
NLRs and caspase-1 and induces the activation of the clas-
sical inflammasome pathway and the non-classical inflam-
masome pathway (Fernandes-Alnemri et al. 2007; Galluzzi
et al. 2018; Xu et al. 2018). Although great progress has
been made in tumor treatment, cancer remains the second
leading cause of mortality worldwide, second only to cardio-
vascular disease (L. Li et al. 2021a, b; Morrison et al. 2018).
Therefore, identifying new strategies for tumor treatment is
crucial (Fig. 1).

With further study, pyroptosis has been found to be
closely related to several human diseases, particularly can-
cers (Ruan; Tan et al. 2021; Yu et al. 2021). It affects tumor
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Fig.1 Pyroptosis contains classical inflammasome pathway and
non-classical inflammasome pathways. Classical inflammasome
pathway consists of DAMPs or PAMPs recognition by PRRs, which
can be activated by ATP, bacteria, and viruses and trigger the NLR
family pyrin domain containing 3 (NLRP3) inflammasome. Non-
classical inflammasome pathways, initiated through caspase-4/5 and
caspase-11 (mouse). NLRP3 activating and releasing the N-terminal
domain of GSDMD (GSDMD-N), caspase-1 convert IL-1p/IL-18
precursors into mature IL-1p/IL-18. These factors are released via
GSDMD-N-formed necrotic membrane pores

pathogenesis via two mechanisms. First, various signaling
pathways and inflammatory factors produced during tumor
pyroptosis have been associated with carcinogenesis and
chemoresistance. Second, pyroptosis inhibits cancerogen-
esis and development. Several researches have indicated
an association between pyroptosis and tumors. Therefore,
pyroptosis can be included in various tumor treatment meth-
ods to inhibit cancer cell growth, invasion, and migration
(Massagué & Obenauf 2016; Xia et al. 2019). This article
reviews the potential of pyroptosis in tumor treatment.

Mechanisms of pyroptosis
Classical inflammasome pathway

The classical inflammasome pathway consists of DAMPs
or PAMPs recognition by PRRs, which induce cytoplasmic
signaling complex-mediated activation of the inflamma-
some as well as pyroptosis. Uric acid, adenosine triphos-
phate (ATP), bacteria, fungi, and viruses trigger the NLR
family pyrin domain containing 3 (NLRP3) inflammasome.
Although several PRRs are involved in the process, only a
few PRRs can induce inflammasome assembly, which results



A novel pharmacological mechanism of anti-cancer drugs that induce pyroptosis 747

in caspase-1 activation (Loveless et al. 2021). Different
PAMPs and DAMPs, including fungal enzymes, bacterial
lipopolysaccharides (LPS),extracellular ATP, viral RNA,
melanin, reactive oxygen species (ROS), and amyloid-f
plaques, can activate NLRP3 (Kelley et al. 2019). Moreo-
ver, NLRP3 activation induces lysosome damage, leading
to K* efflux as well as protease cathepsin B and lysosomal
release of contents. Two proteases trigger the activation of
the NLRP3 inflammasome (Alu et al. 2020). After activa-
tion, PRRs and inflammasomes interact with the ASC pro-
tein, which carries a C-terminal caspase recruitment domain,
thereby activating caspase-1 by recruiting and cleaving pro-
caspase-1. In addition to cutting GSDMD into the N-termi-
nal structural domain of GSDMD (GSDMD-N), caspase-1
converts IL-1p/IL-18 precursors into mature IL-1p/IL-18
proteins. These factors are released via GSDMD-N-formed
membrane pores during pyroptosis (Bergsbaken et al. 2009;
Martinon et al. 2002; Van Gorp & Lamkanfi 2019) (Fig. 1).

The non-classical inflammasome pathway

The non-classical inflammasome pathway, initiated through
caspase-4/-5 and caspase-11 (mouse), contributes to cellu-
lar immunity against intracellular Gram-negative bacteria
(Rathinam et al. 2019). Caspase, activated by LPS, does
not directly activate IL-1p/IL-18 (Loveless et al. 2021).
However, it cleaves GSDMD, leading to potassium efflux,
NLRP3 activation, caspase-1 upregulation, neutrophil extra-
cellular traps, and pyroptosis (Kayagaki et al. 2015; Shi et al.
2015; Silke & Vince 2017). Therefore, non-classical inflam-
masome links pyroptosis with necrosis to regulate neutrophil

Table 1 Drugs associated with pyroptosis

mortality stimulated by infectious pathogens (Burgener &
Schroder 2020; Torii et al. 2016). The non-classical path-
way has also been associated with mitochondrial dysfunc-
tion-induced metabolic diseases, including diseases related
to mitochondrial DNA (mtDNA) and mitochondrial ROS
release (Fig. 1).

Pyroptosis-associated anti-cancer drugs

Several studies demonstrated that drugs inhibit tumor growth
by inducing pyroptosis in tumor cells. The Food and Drug
Administration has approved several clinical drugs, such as
cisplatin, doxorubicin, and dihydroartemisinin, which induce
pyroptosis in several cancer types. Because the number of
cancer cases is steadily increasing worldwide, identifying
drugs that inhibit cancer development, especially for the
treatment of drug-resistant tumors, is an urgent need. Hence,
the following drugs can inhibit tumor growth by inducing
pyroptosis, providing a new idea for clinical treatment and a
research direction for determining the mechanism of cancer
treatment (Table 1).

Doxorubicin

Doxorubicin is a common chemotherapy drug. In breast can-
cer (BC), GSDME exerts a certain effect on doxorubicin-
mediated pyroptosis, regulating caspase-3-mediated ROS
level increases and stimulating JNK phosphorylation-based
activation. After doxorubicin treatment, the expression of
the classical genes NLRP3 and IL-1f exhibits nonsignificant
change, but the expression of caspase-3, -7, and -8 genes is

Drugs associated with pyroptosis

Drugs Targets  Mechanisms of pyroptosis Cancer
Metformin GSDMD Degrades GSDMD, releases IL-18/1f Oesophageal carcinoma, Hepatocellular carcinoma
GSDME Activates caspase-3, degrades GSDME, releases IL-18/1p  Breast cancer, Colon cancer
Arsenic GSDME Activates caspase-3, degrades GSDME, releases IL-18/13  Breast cancer
Cisplatin GSDMD Activates NLRP3 and caspase-1, degrades GSDMD, Breast cancer,
releases IL-18/1p
Lobaplatin GSDME Activates caspase-3, degrades GSDME, releases IL-18/1p  Colon cancer

Dihydroartemisinin GSDME Activates caspase-3, degrades GSDME, releases IL-18/1f

Triptolide GSDME Activates caspase-3, degrades GSDME, releases IL-18/1
Nobiletin GSDMD Degrades GSDMD and GSDME
GSDME
Famotidine GSDME Activates GSDME, releases 1L-18
Doxorubicin GSDME Activates caspase-3, degrades GSDME
Simvastatin Activates caspase-1 and NLRP3, releases IL-18/1f

Inhibits caspase-1and NLRP3, the release of IL-18/1f
GSDMD Activates NLRP3 and caspase-1, degrades GSDMD,

Cucurbitacin B
releases IL-18/18

Breast cancer, Oesophageal carcinoma
Neck cancer

Ovarian cancer

Gastric cancer

Breast cancer

Non-small cell lung cancer
Glioblastoma

Non-small cell lung cancer
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increased significantly. Doxorubicin treatment induces ROS
accumulation and enhances JNK phosphorylation, thereby
activating the critical regulatory factor caspase-3 through
cascade reactions. Moreover, doxorubicin-activated ROS
play roles in caspase-8 cleavage. That is, c-caspase-8 pro-
motes caspase-3 cleavage, and c-caspase-3 induces GSDME
cleavage while inducing BC cell pyroptosis (Z. Zhang et al.
2021).

In melanoma cells with high DFNAS expression, doxo-
rubicin phosphorylates the autophagy regulator eEF-2 K
and cleaves DFNAS5 through caspase-3 to increase lactate
dehydrogenase (LDH) release, leading to pyroptosis (P. Yu
et al. 2019a, b). The therapeutic dose of doxorubicin is often
insufficient to cause systemic toxicity. Nonetheless, high-
dose doxorubicin is not recommended due to its toxicity,
particularly its cardiotoxicity (HanuSové et al. 2011). Moreo-
ver, doxorubicin induces human renal tubular epithelial cell
pyroptosis through the ROS/JINK/caspase-3/GSDME signal-
ing pathway (Fig. 2). Targeted GSDME therapy effectively
reduces the nephrotoxicity induced by chemotherapeutic
drugs; therefore, it can be used to reduce side effects caused
by clinical treatments (Shen et al. 2021a, b).
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Fig.2 Doxorubicin and lobaplatin regulating caspase-3-mediated
ROS increase and stimulating JNK phosphorylation activation-medi-
ated pyroptosis. Dihydroartemisinin induces pyroptosis by activating
cleaved caspase-3 and GSDME-N. TPL induces Bax/Bad complex
translocation to mitochondria by inhibiting mitochondrial hexokinase
II (HK-II) and c-myc levels, thereby releasing cyt-C into the cyto-
plasm while cleaving GSDME. Nobiletin and fomotidine can cleave
GSDME to GSDME-C/N. Tetraarsenic hexoxide enhances mitochon-
drial STAT3 generation through the suppression of mitochondrial
ROS phosphorylation, thereby inducing GSDME cleavage-dependent
on caspase-3. Metformin induces the expression of nuclear factor-
kappa B by activating SIRT1 leading to IL-1 production, trigger-
ing Bax accumulation, and releasing caspase-3 and cyt-C. All these
cleave GSDME-N and lead to pyroptosis
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Arsenic

Arsenic compounds include a number of components,
among which arsenic trioxide (As203) and tetraarsenic
hexoxide (As406, TetraAS) are utilized as monotherapies
to treat acute promyelocytic leukemia. Acute myeloid leu-
kemia that targets PML/RARA oncogene is rare (L. Chen
etal. 2021). Arsenic trioxide (ATO) and ascorbic acid (AA)
activate caspase-3 to trigger apoptosis, promote inflamma-
some formation, and induce pyroptosis. Additionally, ROS
overexpression is the subcellular mechanism of ATO-AA
induction of pyroptosis and apoptosis combined (Tian et al.
2020) (Fig. 3). Tetraarsenic hexoxide induced pyroptosis
characteristics, such as balloon-like bubbling, cell swell-
ing, and LDH release, in triple-negative breast cancer cells
via pore formation in the plasma membrane, leading to cas-
pase-3 and poly-ADP-ribose polymerase (PARP) cleavage.
PARP expression was increased but did not affect normal
mammary epithelial cells and did not change the difference
in caspase-1 and GSDMD expression when treated with
either drug. The morphology of the cells showed pyroptosis
and apoptosis morphological changes, and caspase-3/PARP/
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Fig.3 Arsenic trioxide (ATO) and ascorbic acid (AA) activate cas-
pase-3 to trigger apoptosis, promote inflammasome formation, and
induce pyroptosis. Cisplatin induces pyroptosis by upregulating the
maternally expressed gene of IncRNA and inducing NLRP3/cas-
pase-1/GSDMD molecular protein. Metformin upregulating miR-
497 downregulating PELP1-induced GSDMD cleavage and upregu-
lating FOXO3 activate NLRP3-induced pyroptosis. Simvastatin
can induce caspase-1 expression and activation, increase IL-18 and
IL-1p release, and induce cell pyroptosis, and also inhibit pyropto-
sis. CuB directly interacts with TLR4, activates NLRP3 inflamma-
some, increases mitochondrial ROS production, and enhances Ca*t
and Tom20 accumulation, thereby promoting pyroptosis. Nobiletin
can induce cleaved GSDMD to GSDMD-C/N. Cisplatin can activate
NLRP3-induced pyroptosis
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GSDME cleavage occurred at the protein level. Mechanisti-
cally, pyroptosis and apoptosis play the same role and are
regulated by caspase-3. When the caspase-3 inhibitor AC-
devd-Cho was used, apoptosis and pyroptosis were simulta-
neously inhibited. However, GSDME was knocked out, the
difference in caspase-3 expression was not affected while the
feature of pyroptosis was significantly inhibited, suggesting
that the feature of pyroptosis was generated only when cas-
pase-3 cleaved GSDME. When observing the ultrafine struc-
tures and mechanisms of mitochondria under the effect of
drugs, tetraarsenic hexoxide was found to have significantly
inhibited the expression of cytochrome c in mitochondria,
resulting in mitochondrial depolarization, which is related
to ROS production. It also enhances mitochondrial STAT3
generation through the suppression of mitochondrial ROS
phosphorylation, inducing caspase-3 dependent GSDME
cleavage (An et al. 2021) (Fig. 2).

Cisplatin and lobaplatin

Cisplatin exhibits anti-cancer activity through a variety of
mechanisms. The most widely acknowledged mechanism
involves its interaction with purine bases in DNA to pro-
duce DNA damage, activating multiple signal transduction
pathways and ultimately leading to apoptosis. In MDA-
MB-231 (BC), cisplatin induces pyroptosis by upregulating
a maternally expressed IncRNA gene and inducing NLRP3/
caspase-1/GSDMD molecular proteins (Fig. 3). Cisplatin
activates the NLRP3 inflammasome, leading to the cleav-
age and activation of caspase-1. Subsequently, it cleaves
GSDMD; lysed GSDMD-N fragments are released and form
membrane pores to promote pyroptosis. Moreover, after acti-
vation, caspase-1 enhances pro-inflammatory factor (IL-1p
or IL-18) release and maturation (Yan et al. 2021).

Lobaplatin induces ROS production and JNK phospho-
rylation in colon cancer cells. Activated JNK recruits BAX
to mitochondria, thereby stimulating cyt-c production in the
cytoplasm; subsequently, GSDME cleavage via caspase-3/-9
induces pyroptosis. Thus, GSDME mediates pyroptosis after
caspase-3/-9 activation in the lobaplatin-induced down-
stream ROS/JNK/BAX-mitochondrial apoptotic pathway in
colon cancer cells (Fig. 2). In nasopharyngeal carcinoma,
lobaplatin induces cell death and suppresses tumor cell pro-
liferation by modulating cIAP1/2 and ribosome activity and
ROS production (Z. Chen et al. 2020).

Metformin

Metformin is a first-line clinical drug used to treat type-2
diabetes mellitus. It inhibits gluconeogenesis by blocking
the mitochondrial redox shuttle in the liver. A study revealed
that patients taking metformin for diabetes may exhibit a
lower incidence of pancreatic cancer (Flory & Lipska 2019;

LaMoia & Shulman 2021; H. Yu et al. 2019a, b). Metformin
may play a role in tumorigenesis by inducing autophagy
after passing through the blood—brain barrier or in ferrop-
tosis through the UFMylation of SLC7A11, thereby sup-
pressing tumor metastasis and invasion (Lu et al. 2021; J.
Yang et al. 2021). PELP1 is highly expressed in esophageal
squamous cell carcinoma (ESCC). The significance of an
increase in the PELP1 level in tumor recurrence and prog-
nosis is especially obvious in patients with advanced ESCC.
Metformin led to pyroptosis in ESCC, inducing pyropto-
sis by upregulating miR-497 activity and downregulating
PELP1-induced GSDMD cleavage, causing cells to undergo
pyroptosis. In hepatocellular carcinoma cells, metformin led
to pyroptosis, upregulated FOXO3-activated NLRP3 tran-
scription, and promoted IL-1p/IL-18, NLRP3, and c-cas-
pase-1 level increases (Z. Shen et al. 2021a, b; L. Wang et al.
2019) (Fig. 3). In addition, metformin induced the expres-
sion of nuclear factor-kappa B (NF-kB) by activating SIRT1
in colorectal cancer and breast cancer cells, leading to IL-1p
production, triggering BAX accumulation, and releasing
caspase-3 and cyt-C. All these events led to GSDME-N
cleavage and pyroptosis (Zheng et al. 2020) (Fig. 2).

Dihydroartemisinin

Dihydroartemisinin (DHA) is a derivative of artemisinin and
is a major drug used to treat malaria (Gutman et al. 2017).
Studies have demonstrated the inhibitory effects of DHA
on tumor cell proliferation and metastasis and tumor angio-
genesis, as well as its enhancing effect on immunity (Dai
et al. 2021). DHA kills tumor cells by inducing ROS pro-
duction to produce oxidative stress, blocking the cell cycle,
and inducing cell death. It promotes the anti-cancer immune
response and ferroptosis (Y. Chen et al. 2019). In BC cells,
DHA promoted the release of LDH and reduced the amount
of ATP released. DHA increased IL-1f, IL-18, caspase-3,
AIM2, and HMGBI1 levels; moreover, DHA cleaved
DFNAS-FL into DFNAS-N fragments to cause pyroptosis.
AIM2 is an inflammasome associated with pyroptosis. When
AIM2 was knocked down, cell invasiveness and migratory
capacity were significantly inhibited, and the expression
of GSDME and caspase-3 was inhibited, IL-1p and IL-18
are also inhibited in ELISA test (Y. Li et al. 2021a, b). In
ESCC (Ecal09 and Ec9706) treated with DHA, significant
pyroptosis features, such as chromatin fixation, cytoplasmic
loss, and endoplasmic reticulum swelling, were evident.
DHA downregulated the expression of the pyruvate kinase
isoform M2 (PKM2, an important glycolytic enzyme), pro-
moted caspase-3/-8 activation, accelerated GSDME cleav-
age to generate GSDME-N, and increased LDH levels and
inflammatory cytokine (IL-1p, IL-18) production. However,
when a caspase-3 inhibitor (Ac-DEVD-CHO) was used to
treat cells, the inhibition of cell growth induced by DHA was
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significantly attenuated, and the amount of LDH and IL-18/
IL-1p released was also decreased. When the expression of
GSDME was silenced, the pyroptosis state of the cells was
significantly reversed, and no significant change in caspase-3
level compared to that in the control group was found, indi-
cating that GSDME was located downstream of caspase-3.
However, DHA did not activate GSDMD or caspase-1
directly. In fact, it induced pyroptosis by activating cleaved
caspase-3 and GSDME-N (Jiang et al. 2021) (Fig. 2).

Triptolide

Triptolide (TPL) is a diterpenoid tricyclic oxide extracted
from Tripterygium wilfordii roots and exhibits anti-inflam-
matory, anti-cancer, and anti-immunosuppressive effects. It
also mitigates bowel inflammation by protecting the intestine
by suppressing M1 polarization and macrophage infiltration,
and inhibiting inflammatory factor expression (Tang et al.
2020). In pancreatic cancer cells, TPL decreased NF-xB sig-
nal transduction (the main EMT pathway) and reduced the
expression of related transcription factors, such as ZEB1,
SNAII, and SNAI2, with mesenchymal markers, such as
vimentin and CDH2 (Noel et al. 2019).

From the pyroptosis perspective, in the HK1 and FaDu
squamous nasopharyngeal carcinoma cell lines with high
GSDME expression, TPL induced pyroptosis cell lines, but
in the C666-1 cell line with low GSDME expression, TPL
did not induce pyroptosis reactions, such as an increase in
the release of LDH or IL-1, indicating that TPL induced
pyroptosis by cleaving GSDME. Silencing the expres-
sion of GSDME in cell lines prevented TPL-induced cell
death, decreased cell mortality and reduced the rate of
LDH and IL-1 release. During the induction of pyroptosis,
the expression of BAX, BAD and caspase-3 increased in
HK1 and FaDu cells but not in C666-1 cells. When BAX
and BAD were silenced, the expression of caspase-3 and
GSDME decreased. In addition, the use of the caspase
inhibitor z-VAD inhibited the expression of GSDME. The
results showed that activation of the BAD/BAX-caspase3
cascade was necessary for GSDME cleavage and pyroptosis.
TPL induced BAD/BAX complex translocation to mitochon-
dria by reducing mitochondrial hexokinase II (HK-1I) and
c-myc levels, triggering the release of cyt-c into the cyto-
plasm while GSDME was cleaved. Silencing HK-II did not
promote pyroptosis but promoted TPL-induced pyroptosis,
caspase-3 expression and GSDME cleavage. However, when
the GSDME level was high, the pyroptosis reaction was
inhibited, and the translocation ability of the BAD and BAX
proteins was reduced (Fig. 2). TPL exerts a critical effect on
the anticancer immune response. TPL also suppresses cancer
cell proliferation by inhibiting the NRF2/SLC7A11 axis and
inducing ROS accumulation (Cai et al. 2021).
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Nobiletin

Nobiletin is a polyethoxy flavonoid found in citrus fruits
and exerts several favorable pharmacological and biologi-
cal effects against inflammation, tumors, and non-alcoholic
fatty liver (Li et al. 2022; Nohara et al. 2019; H. Wang et al.
2020). In A2780 and OVCAR3 ovarian cancer cells, nobi-
letin induces ROS release and alters mitochondrial mem-
brane potential and the cleavage of GSDMD and GSDME.
When using the ROS inhibitor N-acetylcysteine (NAC), the
cleanliness of GSDMD and GSDME was obviously reversed
(Fig. 2). NAC reversed the expression of LC3-II, the produc-
tion of ROS is caused by autophagy. The autophagy inhibitor
3-MA not only inhibited the production of LC3-II but also
reversed the increase in GSDMD and GSDME cleavage.
Therefore, it can be inferred that nobiletin leads to pyrop-
tosis mediated through autophagy in ovarian cancer cells
(R. Zhang et al. 2020). In BC, nobiletin increased GSDMD
and NLRP3 expression. A miR-200b simulator enhanced the
effect of nobiletin and induced pyroptosis. These findings
suggest that nobiletin promotes the pyroptosis of breast cells
by regulating the miR-200b/JAZF1 axis in the presence of
NF-x B (J. G. Wang et al. 2021a, b) (Fig. 3).

Famotidine

Famotidine plays a certain role in neuritis, gastric ulcer,
duodenal ulcer, and heterotopic ossification (Unal, Doku-
maci, Ozkartal, Yerer, & Aricioglu, 2019; Yamamoto et al.
2012). Famotidine prevents ischemia reperfusion injury by
inhibiting the increase in malonaldehyde and NO, markers
of oxidative stress, and increasing the production of anti-
oxidants (Tanriverdi et al. 2021). A study of colorectal can-
cer revealed that preoperative use of famotidine increased
the ability of lymphocytes to infiltrate tumors and inhibited
tumor development (Kapoor et al. 2005). However, we found
that famotidine activated the NLPR3 inflammasome in gas-
tric carcinoma cell to induce the production of ASC and
caspase-1, thereby inducing IL-18 release and maturation,
which were associated with a famotidine-induced increase
in ERK1/2 phosphorylation levels. Famotidine reduced
ERK1/2 expression by inhibiting IL-18 phosphorylation.
Inhibition of ERK1/2 activity abolished the famotidine effect
on IL-18 and LDH levels, indicating a role for famotidine in
regulating ERK1/2-dependent cell death. Moreover, famo-
tidine induced pyroptosis by inducing GSDME cleavage;
however, it exerted no effect on GSDMD (Huang et al. 2021)
(Fig. 3).

Simvastatin

Simvastatin is the hydroxymethyl glutaryl coenzyme
A (HMG-COA) reductase inhibitor, which inhibits the
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synthesis of endogenous cholesterol and decreases the lev-
els of circulatory lipids, especially low-density lipoprotein
cholesterol (Duarte et al. 2021). It also exhibits neuropro-
tective effects by reducing inflammation, caspase-3 activa-
tion, and apoptosis to reduce cerebral hypoxia—ischemia
injury in rat neonates (Carloni et al. 2006; Menze et al.
2021). Simvastatin can inhibit the proliferation and migra-
tion of tumor cells through oxidative stress and DNA dam-
age (Jaqueline Aparecida Duarte, Andre Luis Branco de
Barros, & Elaine Amaral Leite, 2021). In non-small cell
lung cancer (NSCLC), simvastatin induced caspase-1
expression and activation, increases IL-18 and IL-1f
release, and induced NSCLC cell pyroptosis (F. Wang
et al. 2018). However, in U87 and U251 glioma cells,
simvastatin inhibited pyroptosis and caused cell death
by inhibiting caspase-1, NLRP3, and IL-1f production.
MiR-214-3p partially inhibited glioma cell growth and
invasion by regulating caspase-1-mediated pyroptosis.
When miR-214-3p is silenced, it promotes glioma cell
growth. These findings indicate that simvastatin exerts its
inhibitory effect through apoptosis induced by caspase-1,
and miR-214-3p is a possible target by which simvastatin
regulates tumor cell growth (S. Yang et al. 2022) (Fig. 3).

Cucurbitacin B

Cucurbitacin B (CuB), obtained from muskmelon pedi-
cel (Yuan et al. 2021), exhibits several pharmacological
effects, such as anti-inflammatory, anti-oxidative, anti-
viral, anti-pyretic, analgesic, and anti-malarial activity
(Kim et al. 2015; Park, Kim; Park 2015; Xiao et al. 2017).
CuB inhibited BC growth and induced the arrest of the
cell cycle at G2/M, leading to cell death (Garg et al. 2018).
CuB directly interacts with TLR4, activates the NLRP3
inflammasome, increases mitochondrial ROS production,
and enhances Ca’* and Tom20 accumulation, thereby
promoting pyroptosis. TLR4 is an activation signaling
molecule upstream of the NLRP3 inflammasome and
promotes pyroptosis in several cell types. TLR4 interacts
with MyD88 (downstream partner) on the cell membrane,
inducing cytokine and ROS generation. In addition, TLR4
induces caspase-1 activation, resulting in inflammatory
factor release and cell death. After CuB treatment, the
TLR4 protein level is increased. CuB suppressed NSCLC
growth both in vitro and in vivo by promoting TLR4/
NLRP3/GSDMD mediated pyroptosis (Fig. 3). Accord-
ing to these findings, CuB directly interacts with TLR4 to
activate the NLRP3 inflammasome while increasing mito-
chondrial ROS production and Ca** and Tom20 accumu-
lation, thereby promoting pyroptosis (Yuan et al. 2021).

Conclusions

Pyroptosis is a form of inflammatory cell death, and sev-
eral drugs induce pyroptosis to suppress cancer cell pro-
liferation. Although its effectiveness and adverse reactions
are highly pertinent to patients receiving clinical treat-
ment, its potential use in cancer treatment cannot be ruled
out. In terms of cancer, cell death seems to be a double-
edged sword. Tumor cell pyroptosis can be leveraged
as a therapeutic target for inhibiting tumorigenesis and
progression. However, healthy cells release inflammatory
cytokines during pyroptosis, leading to the formation of
an inflammatory microenvironment and the transforma-
tion of healthy cells into tumor cells (Xia et al. 2019).
Moreover, pyroptosis enhances tumor immunogenicity
by attracting an increased number antitumor lympho-
cytes that turn “cold” tumors into “hot” tumors, thereby
enhancing host tumor immunity. Through deeper research
on the relationship between drugs and genes, we can iden-
tify effective targets. A member of the gasdermin family
may be a marker of cancer prognosis, a possibility requir-
ing further research. At present, we have conducted only
in vitro experiments. However, we should explore the side
effects of drug candidates in clinical settings. Pyroptosis
pathogenesis needs to be further studied, and an in-depth
understanding of pyroptosis will certainly benefit the treat-
ment of related diseases. The use of drugs provides a good
research basis for clinical treatment, but the toxic effects
of drugs are also worth considering. For example, with the
development of nanomaterials, it is now possible to deliver
drugs while reducing damage to non-targeted tissues and
maximize tumor treatment efficiency. Will there be a more
significant development in treatment (Wu et al. 2021a, b;
M. Wu et al. 2021a, b; Zhao et al. 2020)? To answer this
question, further consideration and study are worthwhile.
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