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1  | INTRODUC TION

Environmental factors and genetic mutation have caused cancer in-
cidence and mortality to rapidly increase. Cancer has become one of 
the crucial causes of death worldwide, and is becoming a major pub-
lic health problem.1 The traditional core types of cancer treatment 
are surgery, chemo- therapy, and radiation therapy, which can reduce 
tumor cell proliferation by inducing cancer cell death.2 However, 
accumulating evidence has shown that tumors often relapse and it 
has been suggested that successful oncotherapy requires prolonged 
antineoplastic immunity.3 The field of cancer immunotherapy (CIT) 

has emerged in recent years and aims to stimulate the body's im-
mune system to create a robust immune response that can kill can-
cer cells.4 This type of treatment can induce immunogenic cell death 
in different ways and achieve long- term anticancer immunity.5 
Although the application of CIT has been considered for a broad 
range of tumors, only a minority of patients achieve a satisfactory 
treatment effect due to immune escape. These results indicate that 
the immune system is intricate and still not well managed.6 Thus, it 
is necessary to explore the mechanisms involved in CIT to develop 
more efficient methods of treatment for better cancer prevention 
and treatment.
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Abstract
Pyroptosis refers to the process of gasdermin (GSDM)- mediated programmed cell 
death (PCD). Our understanding of pyroptosis has expanded beyond cells and is 
known to involve extracellular responses. Recently, there has been an increasing 
interest in pyroptosis due to its emerging role in activating the immune system. In 
the meantime, pyroptosis- mediated therapies, which use the immune response to kill 
cancer cells, have also achieved notable success in a clinical setting. In this review, 
we discuss that the immune response induced by pyroptosis activation is a double- 
edged sword that affects all stages of tumorigenesis. On the one hand, the activation 
of inflammasome- mediated pyroptosis and the release of pyroptosis- produced cy-
tokines alter the immune microenvironment and promote the development of tumors 
by evading immune surveillance. On the other hand, pyroptosis- produced cytokines 
can also collect immune cells and ignite the immune system to improve the efficiency 
of tumor immunotherapies. Pyroptosis is also related to some immune checkpoints, 
especially programmed death- 1 (PD- 1) or programmed death-  ligand 1 (PD- L1). In this 
review, we mainly focus on our current understanding of the interplay between the 
immune system and tumors that process through pyroptosis, and debate their use as 
potential therapeutic targets.
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Programmed cell death (PCD) provides inflammatory and im-
munogenic signals that act as secondary signals that induce the 
maintenance of homeostasis of the cell environment and drive 
adaptive immunity.7 Pyroptosis is a gasdermins (GSDM)- mediated 
PCD induced by various stimuli and has been widely studied in 
many disease models.8 The GSDM family includes gasdermin A 
(GSDMA), gasdermin B (GSDMB), gasdermin C (GSDMC), gasdermin 
D (GSDMD), gasdermin E (GSDME), and DFNB59.9 With the excep-
tion of DFNB59, members of the GSDM family comprise both a C- 
terminal domain and an N- terminal domain. GSDM can be cleaved 
to release the GSDM- N domain, which can punch holes in the cell 
membrane, resulting in characteristic morphological changes involv-
ing cytoplasmic swelling, membrane rupture, and the release of in-
flammatory factors into the extracellular environment, which direct 
amplify the systemic immune response.10 In the last few years, py-
roptosis has become popular for its double- edged sword effect in 
cancer and has attracted much attention in studies conducted on 
the immune system.11

In this review, we provide an overview of the latest findings that 
have propelled our understanding of the double- edged role of py-
roptosis in the tumor immunity. The crucial function provided by 
pyroptosis in regulating immunotherapy in cancers, which will un-
doubtedly become a focused area in coming years, is subsequently 
discussed to provide a new direction for therapeutic strategies fo-
cusing on the clinical prevention and treatment of cancers.

2  | IMMUNE SYSTEM AND TUMOR 
IMMUNIT Y

The immune system contains many types of immune cells and im-
mune mediators, which together make up the adaptive and innate 
immune systems. It is well known that innate immune cells are the 
first line of innate immunity. Dendritic cells (DCs), macrophages, 
and mast cells perform immunological surveillance and release im-
mune mediators when the body is attacked.12 Then, leukocytes infil-
trate, while macrophages and mast cells trigger a vascular reaction. 
Therefore, the innate immune system can respond to foreign patho-
gens. However, the adaptive immune system needs DCs and nature 
kill (NK) cells for foreign antigen uptake and for memory of previous 
attacks.13 The main function of the immune system is to recognize 
and protect the body against infectious pathogens and maintain tis-
sue homeostasis.

During the past few years, scholars have amplified our knowl-
edge of the complicated relationship between immune cells and 
tumors. The immune system is highly plastic and plays paradoxical 
roles during cancer progression, which is constantly fine- tuned as 
the tumor microenvironment (TME) is modified14 through inci-
dences including immune elimination, immune equilibrium, and im-
mune escape. On the one hand, chronic activation of immune cells 
in tissues form a chronic inflammatory immune microenvironment 
that can disable tumor- killing cells and promote immune escape. 
On the other hand, immune cells can examine the tumor immune 

microenvironment and recognize tumor- specific antigens, which are 
major histocompatibility complex (MHC) molecules found on cancer 
cells. Thereafter, immune cells are activated and proliferate to attack 
tumor cells. Therefore, there is an urgent need to explore therapies 
that can take advantage of the immune system to treat tumors. At 
present, immune checkpoint inhibitors, adoptive cell therapies, chi-
meric antigen receptors, oncolytic viruses, and vaccinations have 
been developed in the field of immunotherapy. However, CIT can 
stimulate the immune system to reactivate the anticancer immune 
response to kill cancer cells.15 Nevertheless, the regulation of im-
mune responses in tumors is a highly complicated process that in-
cludes promotional and inhibitory cell immunity signaling pathways. 
Therefore, the infiltration of immune cells into the tumor immune 
microenvironment is a significant obstacle that needs to be solved 
for a satisfactory antitumor immune response to occur.14 At present, 
the enormous potential of pyroptosis in tumor immunity has been 
recognized. In this study, we focus on the mechanism of pyroptosis 
and the immune system, and methods by which the immune system 
can be controlled for the use of its potential abilities that may be 
beneficial to humans.

3  | PYROPTOTIC SIGNALING

Pyroptosis is considered to be an inflammatory form of PCD and 
is qualitatively distinct from other types of PCD. Pyroptosis was 
first identified in 1992 in infected macrophages16 and was named 
by Cookson et al in 2001.17 Researchers have found that pyroptosis 
may play a double- edged role in the pathogenesis and treatment of 
cancer. On the one hand, many inflammatory factors are released 
during pyroptosis as normal cells are stimulated, which leads to the 
formation of an inflammatory microenvironment in which normal 
cells are transformed into cancer cells. On the other hand, pyroptosis 
of cancer cells can be used as novel therapeutic targets to inhibit the 
occurrence and development of cancer.11

The pathways of pyroptosis have been investigated during the 
past few years. The traditional view of pyroptosis is that it is inflam-
matory caspase- induced cell death.18 There are two initial pathways 
of pyroptosis engagement, canonical or noncanonical, that are as-
sociated with GSDMD. Caspase- 1- dependent pyroptosis is known 
as canonical pyroptosis, while the activation of human caspase- 4/- 5 
and mouse caspase- 11 by intracellular lipopolysaccharide (LPS) is 
known as the noncanonical pathway. Caspases activated through 
either pathway result in the cleavage of GSDMD, which can liberate 
the N- terminal effector domain of GSDMD and trigger pyroptosis.19 
Subsequently, the involvement of GSDME, another member of the 
GSDM family, has also emerged. Wang et al20 found in 2017 that 
chemotherapy drugs could induce pyroptosis through caspase- 3 
cleavage of GSDME. Thereafter, it was discovered that targeted 
molecular therapies and other stimuli could also activate caspase- 3 
and cleave GSDME to induce pyroptosis. Some studies have found 
that caspase- 8 activation followed by certain stimuli could result in 
the cleavage of both GSDMD and GSDME, leading to pyroptosis.21 
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Recently, besides caspases, researchers have also identified other 
proteases, apart from caspases, which may be key activators of 
pyroptosis- direct granzyme (Gzm)- mediated induction of pyropto-
sis. Gzms can not only cleave GSDM but also activate caspase to 
cleave GSDM, which is much more complicated than traditional 
inflammasome activation. Their detailed relationship is discussed 
below.22

In summary, pyroptosis can be identified as GSDM- mediated 
PCD, which can be cleaved by members of the caspase family to 
trigger pyroptosis. As shown in Figure 1, caspase- 1 and caspase- 
4/- 5/- 11 can cleave GSDMD, while caspase- 3 can cleave GSDME. 
Interestingly, it has been found that Gzms may interact with GSDM 
to trigger pyroptosis. However, the potential relationship between 
Gzms and pyroptosis, as well as pyroptotic signaling remains to be 
investigated.

4  | THE ROLE OF PYROPTOSIS IN THE 
A SSOCIATION BET WEEN C ANCER AND THE 
IMMUNE SYSTEM

It is widely appreciated that there are close interactions between 
tumors and the immune system that are complex, and the immune 
system plays both protumorigenic and antitumorigenic roles in tu-
mors.23 Various cancer immunotherapies have been used to iden-
tify and destroy tumor cells, but tumorigenesis is augmented while 
the immune system remains abnormal. Similarly, the relationship 

between pyroptosis and the immune system relies on complicated 
cellular communication that involves pyroptosis and immune cells.4 
On the one hand, pyroptosis in normal cells may alter the micro-
environment and accelerate immune evasion, providing protection 
from antitumorigenesis.24 On the other hand, there are a number of 
therapeutic strategies that could stimulate the immune system while 
pyroptosis is induced in cancer cells.25 In this section, we argue that 
research on pyroptosis should focus on its role in cancer develop-
ment and its potential function in tumor immunotherapy.

4.1 | Involvement of pyroptosis in the immune 
microenvironment in tumor progression

Apart from the contribution of the genomic alterations, the immune 
system is increasingly appreciated for its significant role in tumor 
progression.23 Furthermore, it has been increasingly realized that 
cancer cells can adapt to the immune microenvironment and em-
ploy immune evasion tactics to help tumor cells to escape from de-
struction by the immune system and regulate the advancement of 
primary tumors and metastases. Except in chronic inflammation in 
protumorigenesis, pyroptosis plays a critical role in exerting poten-
tial tumor- promoting effects along with inflammasome effects, as 
well as the release of pyroptosis- produced cytokines in the TME.26 
After the original balance between cancer cells and immune micro-
environment is tipped, early- stage cancer needs to escape immune- 
mediated surveillance if it is to progress.

F I G U R E  1   Pyroptotic signaling. When stimulated, caspase- 1 and caspase- 4/- 5/- 11 could cleave GSDMD and caspase- 3 could cleave 
GSDME to induce pyroptosis. Caspase- 8 can cleave GSDMD and GSDME. Gzm- A cleaves GSDMB to induce pyroptosis. Gzm- B could 
activate or directly cleave GSDME to induce pyroptosis
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4.1.1 | Inflammasome activation

Inflammasomes were first described by Tschopp and colleagues in 
2002.27 They are multiprotein complexes that enable host defenses, 
leading to inflammation and pyroptosis, which respond to patho-
gens and endogenous danger through innate immunity. The human 
body contains at least three types of inflammasomes: leucine- rich 
repeat- containing proteins (NLRs), AIM2- like receptors (ALRs) 
platforms, and pyrin.28 NLRs, in particular, contain nod- like recep-
tor proteins (NLRPs) and nuclear oligomerization domain proteins 
subfamily C (NLRC) and are categorized, such as NLRP1b, NLRP3, 
NLR4 and NLRC4, based on whether the NLRs contain a PYD or a 
CARD. They can act as core signaling members of the innate im-
mune response and their pattern recognition receptors (PRRs) can 
identify pathogen- associated molecular patterns (PAMPs), danger- 
associated molecular patterns (DAMPs), and homeostat sis- altering 
molecular processes (HAMPs). After the PRR is activated, it can 
attract the adaptor apoptosis speck protein (ASC), which contains 
both a pyrin domain (PYD) and a caspase activation and recruitment 
domain (CARD). The ASC of inflammasomes can interact with the 
CARD of caspase- 1, subsequently promoting the activation of cas-
pase- 1. In other words, inflammasome complexes can regulate and 
activate caspase- 1- mediated pyroptosis to release cytokines, which 
may be able to provide an inflammatory microenvironment for the 
development and metastasis of tumors.29

Inflammasomes are notable for their double- edged sword- 
like function in tumors. In this study, we will mainly introduce the 
molecular mechanisms of inflammasomes and discuss the mecha-
nisms by which pyroptosis- produced cytokines can trigger cancer 
development.

4.1.2 | Inflammasome- mediated pyroptosis promotes 
tumor development

The potential relationship between cancer and inflammation was 
initially proposed by Rudolf Virchow in 1863. He found that chronic 
inflammation could promote inflammatory cell proliferation and in-
filtration in tumors.30 Additionally, Chen et al31 showed that NLRP3 
could active IL- 1β, which is associated with antineoplastic immune 
responses and tumor development in head and neck squamous cell 
carcinoma. Furthermore, Wang et al32 showed that the accumula-
tion of alcohol in the esophagus could trigger caspase- 1- mediated 
pyroptosis and the release of IL- 1β and IL- 18, which may be involved 
in esophageal cancer. Barrett's esophagus (BE) can also activate 
caspase- 1- dependent pyroptosis and cause the release of IL- 1β and IL- 
18 to enhance the progression of esophageal cancer.33 Additionally, 
Gao et al34 described a novel mechanism by which GSDMD- 
mediated pyroptosis may aid non- small- cell lung cancer (NSCLC) 
to evade the innate immune response through the dysregulation of 
immunomodulatory factors, such as IL- 1β. The report published by 
Pachathundikandi et al reiterated that Helicobacter pylori, which al-
ways colonizes in the stomach, could promote NLRP3 inflammasome TA
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formation. NLRP3 can stimulate pyroptosis and the release mature 
IL- 1β or IL- 18 to decelerate host immunity in gastric tumorigenesis.35 
Additionally, some studies have confirmed that activated caspase- 1 
could induce pyroptosis and release pro- inflammatory cytokines to 
exert protumorigenesis effects in human hepatocellular carcinoma 
(HCC).36 Kofahi et al37 found that the hepatitis C virus (HCV) could 
activate NLRP3 inflammasomes and induce caspase- 1- mediated 
pyroptosis, which could promote a carcinogenesis effect. NLRP3 
could also promote tumorigenesis through immune tolerance in 
pancreatic ductal adenocarcinoma (PDA).38 Previous other studies 
have shown that NLRP3 can increase IL- 1β secretion and suppress 
T cell responses in the TME, which are involved in regulating the 
proliferation of melanoma cells.39 Another study demonstrated that 
inflammasome- mediated pyroptosis and the release of IL- 1β could 
trigger the transport of collections of immune cells, such as mye-
loid cells into the TME, which promote tumor growth and metas-
tasis of human breast cancer.40 Interestingly, Kaplanov et al41 also 
found that IL- 1β could recruit monocytes in the TME and act as a 
master cytokine in promoting breast cancer development. Another 
study conceptualized the crucial role played by caspase- 1 and IL- 1 in 
forming the chronic inflammatory microenvironment and promoting 
the development of human cutaneous squamous cell carcinoma.42 
Furthermore, results published by Niebler et al43 strongly suggest 
that high- risk human papillomaviruses (HPVs) could stimulate the re-
lease of IL- 1β to escape immune surveillance and may be associated 
with the development of anogenital cancer.

In summary, as shown in Table 1, inflammasomes can trigger 
caspase- 1- mediated pyroptosis and the release of pyroptosis- 
dependent cytokines, which can create a chronic inflammatory 
microenvironment that especially includes IL- 1β and IL- 18. This 
may help tumor cells evade host cell immune response, encour-
aging local immunosuppression and the subversion of an antigen- 
specific immune response, which provides protection against tumor 
progression. Due to the latent immunosuppressive mechanism by 
which pyroptosis occurs, researchers have found that overcoming 
its evasive immune phenotype may be a novel strategy for cancer 
therapy.44

4.1.3 | Targeting inflammasome- mediated pyroptosis 
to inhibit tumor development

The analysis provided above shows that many studies have been 
conducted to explore methods of pyroptosis- mediated inflamma-
tion control to inhibit tumor development. There are also many 
other studies that have investigated drugs that can target NLRP3. 
Curcumin is the primary bioactive polyphenolic element in turmeric 
and it can inhibit inflammation and oxidation in tissues. Hasanzadeh 
and his colleagues found that curcumin could upregulate NLRP3 
to restrain the activity of caspase- 1 and pyroptosis, leading to an 
antitumor effect.45 Furthermore, an unpublished study conducted 
by Chen et al31 found that MCC950 is a small molecule inhibitor 
of NLRP3 that can inhibit pyroptosis and that MCC950 may halt 

tumorigenesis in head and neck squamous cells. Arctigenin is the 
primary active component of Fructus arctii. Qiao et al investigated 
whether arctigenin could inhibit the growth of various tumors 
through the inhibition of NLRP3- mediated pyroptosis.46

Apart from the inhibitor of NLRP3, studies have also explored 
the advantages of IL- 1β, IL- 1, IL- 1β, IL- 1α, and IL- 18 blocking therapies 
to inhibit cancer development. Canakinumab, a monoclonal antibody 
that binds to IL- 1β and inhibits its biological function, could signifi-
cantly decrease the incidence and mortality rate of lung cancer.47 
Additionally, Anakinra, an IL- 1 inhibitor, could remarkably inhibit the 
development of bone tumors.48 Rilonacept, an inhibitor of IL- 1β and 
IL- 1α, could control tumorigenesis.49 Last but not least, the GSDMD 
inhibitor may be able to inhibit pyroptosis from suppressing the 
development of cancer. Necrosulfonamide (NSA) is an inhibitor of 
mixed- lineage kinase domain- like protein (MLKL), which can mod-
ify Cys191, a crucial residue of the GSDMD protein. In other words, 
NSA may function as a GSDME inhibitor. Therefore, NSA may be 
able to inhibit NLRP3- mediated pyroptosis and significantly delay 
cancer development.50

Overall, targeting inflammasome- mediated pyroptosis may be 
a potential method of tumorigenesis inhibition. However, the func-
tions of these pyroptosis- mediated cytokines under these circum-
stances and the manner in which they are controlled have not been 
fully elucidated. Therefore, future studies that investigate the mech-
anism of action of inflammasome- mediated pyroptosis and their po-
tential therapeutic role in human anticancer immunotherapies need 
to be carried out.

4.2 | Pyroptosis induces an immunogenic response 
in cancer

Along with increased knowledge of pyroptosis- mediated immune 
responses, therapies that induce pyroptosis to kill tumor cells have 
achieved extraordinary success in a clinical setting. Pyroptosis- 
induced inflammation in a tumor environment can stimulate the 
cancer immune system through the proliferation and activation of 
immune cells and immune factors that enhance the efficiency of 
cancer immunotherapies.51 Therefore, this section will review the 
methods used to activate pyroptosis in cells and induce an immuno-
genic response in tumors.

4.2.1 | The pyroptosis of cancer cells improves the 
efficacy of cancer immunotherapies

Various factors can induce inflammatory pyroptosis in cancer cells. 
Pyroptosis can highly efficiently inhibit primary tumor growth and 
distant tumor metastasis. It is thought that the level of tumor inhibi-
tion is correlated with increased activation of antineoplastic immu-
nity, which can result in strong immune cell maturation, as well as 
the accumulation and upregulation of several immune cytokines.52 
In other words, pyroptosis can stimulate the immune system by 



3984  |     LI et aL.

increasing the number of immune cells and immune factors to im-
prove the efficacy of cancer immunotherapies.

Wang et al established a bioorthogonal chemical system for 
GSDMA3, which could trigger pyroptosis to remove a whole tumor 
graft in breast cancer. The population of immune cells increased sig-
nificantly. Chemotactic cytokines or antineoplastic effector genes 
were upregulated in the tumors, while genes that encoded for protu-
moral or immunosuppressive genes were downregulated. The results 
suggested that the pyroptosis of cancer cells triggered the activation 
of robust antineoplastic immunity.53 Veronica et al detailed a tumor 
ablation technique that used high- frequency irreversible electropo-
ration (H- FIRE) that stimulated the pyroptosis of cancer cells and a 
pro- inflammatory shift. It activated cellular immunity along with the 
excitation of immune cells and significantly inhibited tumor progres-
sion.54 Furthermore, Zhao et al created a biomimetic nanoparticle 
(BNP) to induce a change in the cytoplasmic Ca2+ concentration to 
encourage caspase- 3 activation, which triggered the cleavage of 
GSDME and the pyroptosis of cancer cells. This resulted in an en-
hanced level of cytokine secretions and DC accumulation. This was 
followed by a robust immune response for tumor immunotherapy, 
indicating the inhibition of primary tumor growth and distant tumor 
metastasis.52 Oncolytic virotherapy could also induce pyroptosis 
and the release of TNF- α and IL- 1β, which resulted in the accumu-
lation of granulocytes and macrophages to inhibit the expression of 
the negative immune checkpoint for the treatment of melanoma.55 
Moreover, Fan et al56 proposed a new hypothesis that combined 
decitabine (DAC) with chemotherapy nanodrugs that could reverse 
GSDME silencing to stimulate pyroptosis, leading to the maturation 
of immune cells which further enhanced the immunological effect 
of the antitumor drug. In addition, Li et al57 designed a therapeu-
tic nanoreactor that could trigger pyroptosis and boost the level of 
immune stimulants, especially the pro- inflammatory cytokine, IL- 1β, 
HMGB1, and calreticulin, which potentiate the antineoplastic im-
mune system. Furthermore, sea hare hydrolysates (SHH) were used 
to inhibit STAT3 and induce pyroptosis in non- small- cell lung cancer 
cells. SHH could also reverse the polarization of macrophages for the 
treatment of cancer, which indicated the conserved function of SHH 
in the activation of the immune environment to kill tumor cells.58 
Additionally, cisplatin (CDDP) could activate caspase- 3 and cleave 
GSDME to induce pyroptosis in NSCLC. Thereafter, it was able to 
release chemokines and activate T cells to stimulate the immune 
system.59 Additionally, Gao et al60 discovered plasma- membrane 
microvesicles that contained methotrexate, which could trigger 
GSDME- induced pyroptosis and as a result activate macrophages, 
subsequently stimulating the immune system for the treatment of 
cholangiocarcinoma.

Therefore, as shown in Figure 2, we analyzed immunologically 
relevant parameters, as well as GSDMD and GSDME levels in 20 
solid tumors based on data obtained from the Cancer Immunome 
Atlas (https://tcia.at/) and described the results in two heat maps. 
The results of multiple detection methods found that GSDMD and 
GSDME expression were associated with the activation of immune 
cells in a large proportion of these solid tumors, such as CD8+ T cells, 

CD4+ T cells, dendritic cells, NK cells, macrophages, monocyte, and 
neutrophil. In Figure 3, we also analyze immunologically relevant 
parameters, as well as GSDMD and GSDME levels in stomach ad-
enocarcinoma (STAD) and head and neck squamous cell carcinoma 
(HNSC) based on data obtained from the GEPIA (http://gepia.cance 
r- pku.cn/). We found that GSDMD and GSDME expression were 
associated with immune factors including IFN- g, IL- 18, IL- 1α, TNF, 
IL- 1β, and IL- 6. That indicated that pyroptosis could stimulate the 
immune system through the activation of immune cells and immune 
factors.

Collectively, as summarized in Table 2, these therapeutic ap-
proaches could induce pyroptosis in cancer cells and release immune 
cytokines, which could attract immune cells to magnify the lethal 
effect induced. The immune system can be stimulated and rendered 
responsive to immunotherapies.28 However, the results of these 
research studies have not confirmed the process by which pyro-
ptosis amplifies the immune response for the treatment of tumors. 
Inflammatory signaling coupled with an increase in immune cytokine 
expression and immune cells may result in significant changes, but 
strategies that can be used to control the efficiency of such immu-
notherapies remain poorly defined.

4.2.2 | The pyroptosis of immune cells triggers 
robust antineoplastic immunity

Pyroptosis was first identified in macrophages but has subsequently 
been identified in a variety of immune cells.16 It was recently dis-
covered that pyroptosis of immune cells might promote a robust im-
mune response for the treatment of tumors.

Sorafenib is a spectrum kinase inhibitor that acts as an anticancer 
agent that targets hepatocellular carcinoma (HCC). Hage et al proved 
that sorafenib could induce pyroptosis in macrophages and pro- 
inflammasome- cytokine releasing primed NK cell cytotoxicity to 
kill tumor cells.61 Maltez et al8 also found that IL- 18 was released 
through pyroptosis, which could stimulate NK cells and trigger ro-
bust antineoplastic immunity. DPP8 and DPP9 (DPP8/9) inhibitors 
are nonselective inhibitors of serine peptidases that are potential 
anticancer agents. The original and extraordinary immunomodula-
tory mechanism by which inhibitors are involved in monocyte and 
macrophage pyroptosis has been reported on and was found to be 
dependent on caspase- 1 and GSDMD. In other words, these mole-
cules could actuate the innate immune system and induce anticancer 
immune effects. Furthermore, Yokoyama et al reported on a novel 
discovery that secretoglobin (SCGB)3A2, which is a protein mainly 
generated in human airways, could induce pyroptosis in the mac-
rophages of RAW264.7 cells. This was driven by caspase- 11, which 
proceeded via immune- modulation to exert its antineoplastic func-
tion.62 Moreover, the results of Yang et al demonstrated that pyri-
doxine (vitamin B6) could selectively induce monocyte macrophages 
to undergo GSDME- mediated pyroptosis. This effect could subse-
quently promote a wider inflammatory response for the treatment 
of acute myeloid leukemia (AML).63

https://tcia.at/
http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
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F I G U R E  2   The expression of GSDMD and GSDME are related to immune infiltrates. A, The Cancer Immunome Atlas (https://tcia.at/) 
showed the expression of GSDMD is related to immune infiltrates through the activation of T cells, NK cells, DC cells, neutrophil, monocyte, 
macrophage, and T cell NK in 20 solid tumors. B, The Cancer Immunome Atlas (https://tcia.at/) showed the expression of GSDME is related 
to immune infiltrates through the activation of T cells, NK cells, DC cells, neutrophil, monocyte, macrophage, and T cell NK in 20 solid 
tumors

https://tcia.at/
https://tcia.at/
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F I G U R E  3   GSDMD and GSDME expression are associated with immune factors. A, GEPIA (http://gepia.cance r- pku.cn/) showed that the 
expression of GSDME is related to the expression of IL- 1, IL- 1β, IL- 6, IL- 18, TNF, and IFN in STAD. B, GEPIA (http://gepia.cance r- pku.cn/) showed 
that the expression of GSDME is related to the expression of IL- 1, IL- 1β, IL- 6, IL- 18, TNF, and IFN in HNSC. C, GEPIA (http://gepia.cance r- pku.cn/) 
showed that the expression of GSDMD is related to the expression of IL- 1, IL- 1β, IL- 6, IL- 18, TNF, and IFN in STAD. D, GEPIA (http://gepia.cance 
r- pku.cn/) showed that the expression of GSDMD is related to the expression of IL- 1, IL- 1β, IL- 6, IL- 18, TNF, and IFN in HNSC

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
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Collectively, dissimilar pathogenic stimulus could selectively trig-
ger pyroptosis in immune cells, followed by elevated inflammatory 
cytokine expression. Subsequently, the proliferation and activation 
of other immune cells were stimulated to encourage the innate im-
mune system to kill cancer cells. However, the mechanism by which 
immune cells mediate their anticancer amplification effects is still 
unclear. These studies have provided us with a wide variety of mech-
anisms that can be used to exploit the immunogenic potential of py-
roptosis in immune cells to develop highly effective antineoplastic 
immunotherapies.

4.2.3 | Gzms participate in pyroptosis and immunology

Cytotoxic lymphocytes, which contain NK cells and cytotoxic T lym-
phocytes, are essential executors of cells during tumor immunother-
apy. Gzms are cytolytic granules that can be released together with 
the pore- forming protein- perforin through the granule exocytosis 
pathway in cytotoxic lymphocytes. Gzms is a serine protease family 
that exerts cleavage specificity. The Gzms family includes granzyme 
A (Gzm- A), granzyme B (Gzm- B), granzyme H (Gzm- H), and gran-
zyme K (Gzm- K) in humans, while Gzm- A and Gzm- B are the most 
abundant. On the one hand, Gzms can target cells with the help of 
perforin; on the other hand, Gzms may be released into microen-
vironments as pro- inflammatory mediators that exert extracellular 
functions.64 Recently, Gzms have drawn increased attention for their 
novel function in pyroptosis.

Researchers have found that Gzms can activate caspases to cleave 
members of the GSDM family. Zhou et al demonstrated that Gzm- 
A, which is also released by NK cells and cytotoxic lymphocytes, can 
cleave GSDMB. This action can significantly induce pyroptosis and 
may augment the immune system.22 Accordingly, researchers have 
observed that Gzm- B could also activate caspase- 3 in target cells and 
induce pyroptosis by cleaving GSDME, increasing the number of macro-
phages, NK cells, and CD8+ T lymphocytes, thereby activating antineo-
plastic immunity.22,51 Moreover, the results of Xi et al and this review 
demonstrate that GSDMD may be cleaved by caspase- 4/- 11, which is 
activated by Gzm- B secreted from cytotoxic T lymphocytes (CTLs). The 
release of the GSDMD- N domain resulted in pyroptosis, suggesting that 
Gzm- B is involved in pyroptosis- mediated attack on CTL.65

Zhang et al66 investigated whether Gzm- B, which is interceded 
by killer cytotoxic lymphocytes, could cleave GSDME in D270 cells 
to trigger pyroptosis. Xi et al65 have proposed that the colocalization 
between GSDMD and Gzm- B in the vesicles could lead to the cleav-
age of GSDMD in CTLs, indicating that Gzm- B is required for the 
pyroptosis of cancer cells. Additionally, Fong et al67 demonstrated 
that NK cells can trigger pyroptosis and the release of intracellu-
lar contents, such as IL- 1β and Gzm- B, when attacked by bacteria. 
Additionally, Olivier et al68 observed that 25- OH oxysterol could in-
duce both apoptosis and pyroptosis along with the release of Gzm- B.

In brief, as shown in Figure 4, these results suggest that Gzms, which 
is released into the microenvironment by immune cells, may be involved 
in pyroptosis in various ways. However, these research studies have 
not yet provided a unitive standpoint of the mechanism by which Gzms 

F I G U R E  4   Gzms participate in the process of pyroptosis and immunology. Gzms are released by CTLs. Gzm- A cleaves GSDMD to induce 
pyroptosis. Gzm- B activates caspase- 4/- 5/- 11 to cleave GSDMD. Gzm- B can activate or directly cleave GSDME to induce pyroptosis
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participates in pyroptotic signaling. Although much remains to be inves-
tigated, these studies have broadened our understanding of the mech-
anism by which GSDM- mediated pyroptosis occurs in tumor immunity.

5  | SPECIFIC REL ATIONSHIP BET WEEN 
PYROPTOSIS AND IMMUNE CHECKPOINTS

Due to immune editing and immune suppression during tumor 
ontogenesis, the reactivation and increase in the visibility and ac-
cessibility of tumor antigens to the immune profile are of para-
mount importance for the activation of the tumor immune system. 
Therefore, immune checkpoint inhibitors that block receptors to 
inhibit adaptive immunity have been constructed. Immune check-
point inhibitor- dependent inhibition may exert a pro- inflammatory 
immunity response against cancer neoantigens and trigger a boost 

for continued anticancer immune responses. These discoveries have 
provided a competent therapy to improve treatment and survival 
rates. Pyroptosis may also play a significant role in this therapeutic 
effect. In this section, we mainly discussed the relationship between 
immune checkpoint inhibitors and pyroptosis, as well as the poten-
tial possibility of using immune checkpoints to modulate pyroptosis 
activation for antitumor activity.

5.1 | The role of pyroptosis in PD- 1

Programmed death- 1 (PD- 1) and programmed death- ligand 1 (PD- 
L1) are well known for their role as immune checkpoint regulators. 
The primary ligand that targets the interactions of PD- 1 is PD- L1. 
Recently, it has been found that pyroptosis is closely associated 
with PD- 1 and PD- L1. In this study, we summarized our current 

F I G U R E  5   The sensitivity of CTLA- 4 and anti- PD- 1 are higher in the GSDMD and GSDME overexpression group in STAD and HNSC. A, 
The sensitivity of CTLA- 4 and anti- PD- 1 are higher in the GSDMD overexpression group in STAD and HNSC. B, The sensitivity of CTLA- 4 
and anti- PD- 1 is higher in the GSDME overexpression group in STAD and HNSC
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understanding of the involvement of PD- 1 and PD- L1 in pyropto-
sis to induce an antitumor immune response, with an emphasis on 
mechanisms by which PD- 1 and PD- L1 exert their immune check-
point functions and nonimmune checkpoint functions.

5.1.1 | The immune checkpoint function of PD- 1 
in pyroptosis

The PD- 1 pathway is a core pathway of immunosuppression in 
the human TME. Inhibition of the PD- 1 and PD- L1 pathways is 

an important for cancer immunosuppression and can generate 
endogenous antineoplastic immunity to inhibit cancer develop-
ment.44 However, the response rate may be low. One important 
reason is that inflammation within the cancer immune microenvi-
ronment is ineffective for competent infiltration and activation of 
immune cells. In other words, the cancer immune microenviron-
ment is inactive towards the resistance against checkpoint block-
ade. Therefore, it has been found that the efficiency of anti- PD- 1 
or PD- L1 treatments can be improved under pyroptosis- induced 
inflammation in the TME through chemotherapy, radiotherapy, 
and other therapies.

F I G U R E  6   The immune checkpoint function and nonimmune checkpoint function of PD- 1 in pyroptosis. PD- L1 inhibitors combined with 
chemotherapy could release the N- terminal of GSDMA3 and trigger pyroptosis and release IL- 18 to increase T cell- mediated inhibition of 
tumor cells. Antibiotic chemotherapy drugs could promote the combined effect of STAT3 and PD- L1 to upregulate GSDMC under hypoxic 
conditions. Caspase- 8 can activate caspase- 3 to induce GSDMC- mediated pyroptosis

F I G U R E  7   Pyroptosis acts as a bridge 
between immune system and tumor. 
Pyroptosis releases immune cytokines 
and triggers immune cell collection, 
which influences the tumor immune 
microenvironment. That plays not only 
protumor role but also the antitumor role 
in tumors
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Published clinical trials have shown that PD- L1 inhibitors com-
bined with chemotherapy or radiotherapy can kill cancer cells 
by triggering the pyroptosis of cancer cells. This may improve the 
survival of patients compared with those who are only adminis-
tered a single type of therapy to increase the efficiency of PD- LI 
inhibitors.69 Moreover, another study aimed to identify a drug that 
could promote the selective release of GSDMA3 in tumors. It was 
found that the N- terminal of GSDMA3 could trigger pyroptosis and 
release IL- 18 to increase T cell- mediated inhibition of tumor cells. 
Importantly, the combined treatment could sensitize breast cancer 
cells to anti- PD- 1 therapy due to pyroptosis- induced inflammation 
within the cancer immune environment.

In other words, if anti- PD- 1 or PD- L1 treatments are the "match 
that ignites the fire" in tumors, pyroptosis- induced inflammation 
may supply the "fuel that feeds the flames". Therefore, these results 
may provide the theoretical basis and a range of possibilities for the 
development of combined therapies involving PD- L1 inhibitors and 
other therapies to inhibit tumor development.

5.1.2 | The nonimmune checkpoint function of PD- 1 
in pyroptosis

Apart from their well- known immune checkpoint function, PD- 1 and 
PD- L1 can also exert nonimmune checkpoint functions inside cancer 
cells.

Hou et al70 found that antibiotic chemotherapy drugs could 
promote the combined effect of STAT3 and PD- L1 to upregulate 
gasdermin C (GSDMC) under hypoxic conditions. It is worth noting 
that caspase- 8 can activate caspase- 3 to induce GSDMC- mediated 
pyroptosis in breast cancer cells,71 while STAT1 may also be associ-
ated with PD- L1. Interestingly, it was also found that GSDMD and 
GSDME could directly induce pyroptosis, and that this mechanism is 
regarded as a significant biomarker that can predict the response to 
anti- PD- 1 antibodies.

In summary, PD- 1 and PD- L1 are closely associated with pyro-
ptosis. On the one hand, certain therapies may trigger pyroptosis to 
create an inflammation microenvironment that can enhance cancer 
cell sensitivity to anti- PD- L1 therapies. On the other hand, PD- L1 
can regulate GSDMC. Moreover, GSDMD and GSDME may function 
as biomarkers for anti- PD- 1 therapies.

5.2 | The exploitation of novel immune checkpoints

Apart from PD- 1 and PD- L1, researchers have also explored other po-
tential immune checkpoints that may be able to eliminate tumor cells.

It was found that the inhibitor of BRAF– MEK could induce py-
roptosis in melanoma. Erkes et al showed that BRAF and MEK in-
hibitors could block the ERK1/2 pathway and activate caspase- 3 to 
trigger GSDME- mediated pyroptosis. Furthermore, they identified 
alterations in the tumor immune microenvironment that resulted 
from the activation of DCs and the proliferation of T cells.72 The 

inhibitor of MEK could also cleave GSDME to induce pyroptosis in 
lung cancer and hepatocellular carcinoma cells.

Recently, Elion et al73 suggested that RIG- I agonists may be 
widely applicable for the treatment of breast cancer, and that the 
RIG- I agonist could induce pyroptosis through the activation of 
caspase- 1 and GSDMD- mediation in breast cancer. The induction of 
pyroptosis could also increase STAT1 and NF- κB expression levels 
and release IFN to activate innate immunity along with an increase in 
the number of lymphocytes to inhibit cancer growth and metastasis.

Furthermore, Samir et al also found that stress granules and 
NLRP3 may compete for DDX3X under stress conditions and that 
the activator of DDX3X could not only assemble stress granules but 
could also activate NLRP3- mediated pyroptosis to release IL- 1β and 
IL- 18. Subsequently, these reactions could trigger the activation of 
the immune system.74

Additionally, Okondo et al25 revealed that val- boroPro could lead 
to caspase- 1- independent pyroptosis in monocytes and macrophages 
for the treatment of cancer. This was the first study to indicate that 
DPP8/9 may be a new immune checkpoint for the activation of the 
antitumor immune system. In the meantime, Cornelius et al explored 
the notion that GSDMD is indispensable for caspase- 1- mediated py-
roptosis under the influence of DPP8/9 inhibitors. In other words, a 
lack of GSDMD and caspase- 1 would activate caspase- 3/- 7 to induce 
apoptosis.75 Chui et al76 found that DPP8/9 inhibitors could cleave 
NLRP1b and release the C- terminus to trigger caspase- 1- mediated 
pyroptosis. This reaction could also lead to the degradation of the 
N- terminus to activate the innate immune system. Recently, it was 
also shown that DPP8/9 inhibitors could activate CARD8 and trigger 
NLRP1b- mediated pyroptosis in lymphocytes.

Additionally, as shown in Figure 5, we further evaluated CTLA- 4 
and anti- PD- 1 antibodies and showed that GSDMD and GSDME 
were outstanding predictors of response to checkpoint blockers in 
STAD and HNSC, which revealed that pyroptosis might be activated 
by immune checkpoints to induce antitumor activity.

In this section, we discussed the close relationship between py-
roptosis and immune checkpoints, especially in relation to the im-
mune checkpoint functions and nonimmune checkpoint functions of 
PD- 1 or PD- L1, which are shown in Figure 6. We also discussed the 
potential of immune checkpoints for the induction of pyroptosis in 
cancer cells. We trust that these results will not only lead to a greater 
understanding of the mechanism of action of immune checkpoints, 
but will also promote the development of other potential immune 
checkpoints that can modulate pyroptosis activation to exert anti-
tumor activity.

6  | HOW C AN THE KNOWLEDGE OF 
PYROPTOSIS SIGNALING BENEFIT TUMOR 
IMMUNOLOGY?

For the past several years, scholars have mainly focused on the field 
of cell death itself, and pyroptosis in cancer cells and its differential 
modulation of the downstream immune system has not been widely 
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investigated.4 Apart from the well- characterized significant func-
tions of pyroptosis, which is an inflammatory caspase- induced form 
of PCD, its role in tumors is complex and has a double- edged sword- 
like effect on the tumor immune system. On the one hand, the acti-
vation of pyroptosis in cancer cells and immune cells will lead to the 
liberation of inflammatory chemokines and the subsequent infiltra-
tion of immune cells. This effect can activate the TME and magnify 
the efficiency of immunotherapies. Furthermore, Gzms have drawn 
increasing attention to pyroptosis during recent years. On the other 
hand, the effects of inflammasomes and cytokines produced by py-
roptosis could create chronic levels of inflammation that help tumor 
cells escape from the immune system and promote the develop-
ment of tumors. Therefore, as shown in Figure 7, pyroptosis acts as a 
bridge between the immune system and tumors, and its potential as 
a therapeutic target for antitumor activity is highly debated.

Consequently, to further understand the potential function of 
pyroptosis on the immune system, future studies that address the 
following are needed. First, potential pathways of pyroptosis must 
be explored to discover other mechanisms by which pyroptosis ex-
erts antitumor effects. Thereafter, factors that induce pyroptosis 
activation during protumor processes should be investigated to un-
derstand strategies that can be applied to avoid tumorigenesis. Most 
importantly, we should also identify the function of pyroptosis on 
the regulation of immune cells and the immune response to enhance 
the efficiency of cancer treatments and explore more antineoplastic 
therapies. Last but not least, the possible molecular interactions be-
tween pyroptosis and checkpoints should be researched to expand 
our knowledge of immunotherapy. In brief, the potential of targeting 
pyroptosis for the development of tumor immunotherapies may be 
an attractive and relatively unexplored area in the field of cancer 
research.
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