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Abstract: Pyroptosis, characterized by proinflammation, has been defined as a new type of programmed cell death in
recent years. Inflammasomes are activated by the corresponding pathogen-associated molecular patterns (PAMPS)
or damage-associated molecular patterns (DAMPS), followed up by the cleavage of pro-interleukin-18 (pro-IL-13),
pro-interleukin-18 (pro-IL-18) and gasdermin D. The N-terminal fragment of gasdermin D gives rise to the destruc-
tion of cell membrane, leading to cell rupture as well as the efflux of proinflammatory cytokines. Recent studies have
shown that pyroptosis is associated with a variety of diseases due to its proinflammation effect and the dysfunction
of related cells. The relationship between pyroptosis and associated diseases is described in this review.
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Introduction

Pyroptosis, a form of programmed cell death, is
distinguished from apoptosis and necroptosis
due to its feature of proinflammation and its
dependence on specific pyroptopic caspases to
induce cell death [1, 2]. Pyroptosis is mediated
by pyroptotic caspases including caspase-1
(both in humans and mice), human caspase-4,
human caspase 5, and mouse caspase-11 [3].
Caspase-4, caspase 5 and caspase-11 are
activated by their direct binding to lipopolysac-
charides (LPS), while caspase-1 is mediated by
pyroptopic inflammasome sensors [4, 5]. The
upregulated activation of pyroptopic caspases
triggers cell swelling and further rupture
through the cleavage of gasdermin D [6]. The
cell contents, along with proinflammatory cyto-
kines flow out as a result of the dysfunction
of cell membrane, causing local or systemic
inflammatory responses.

Given its two major effects, cell dysfunction
and proinflammation, pyroptosis is thought to
participate in several diseases. As one of the
most common pathological processes, inflam-

mation is involved in generation and develop-
ment of multiple types of diseases, such as
infectious disease, immune disorders, and can-
cer [7]. Infectious disease and immune disor-
ders produce PAMPs and DAMPs, which can
be recognized by inflammasome sensors and
can further trigger inflammation. As for cancer,
inflammation exists both at the generation and
progression stage, stimulating its deterioration
and metastasis [7]. Also, cell dysfunction plays
an important role in neurodegenerative disease
[8], cardiovascular disease [9], and AIDS [10].
The mortality of neurons partially accounts for
the degeneration of the nerve system [8], while
cardiovascular disease are often associated
with the progressive endothelial dysfunction
derived from the death of endotheliocytes [9].
Although the association between AIDS and
inflammation is apparent, the dysfunction of
CD4+ T-lymphocytes is much more important in
its pathology [10].

Molecular mechanism of pyroptosis

Caspase-1 dependent pyroptosis: The initiation
of caspase-1 dependent pyroptosis is the rec-
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Figure 1. Molecular mechanism of pyroptosis. Induced by certain PAMPs and DAMPs, pyroptopic sensors form a
macromolecular complex together with caspase-1, as well as ASC sometimes [23, 24]. NAIP proteins [18, 19] and
NEK7 [17] are required during the formation of NLRC4 inflammasome and NLRP3 inflammasome. The activated
caspase-1 can directly cleave gasdermin D [6], of which the N-terminal fragment forms pores on the host cell
membrane, mediating the release of cell contents [26-28]. Pro-IL-1 and pro-IL-18 are also cleaved by caspase-1,
initiating local or systematic inflammation [29, 30]. Human caspase-4, human caspase-5, and mouse caspase-11
can bind to LPS [31-33], and then cause the cleavage of gasdermin D [6], consistent with caspase-1. Caspase-11
can also cleave pannexin-1, inducing the release of cytoplasmic ATP [35]. Extracellular ATP functions as ligand of

P2X7 receptor, followed by potassium efflux which initiates the activation of NLRP3 [16].

ognition between inflammatory sensors and
molecular patterns. The rat NLRP1 and the
mouse NLRP1b were identified as substrates of
anthrax lethal factors through the cleavage of
certain sites [11, 12]. Furthermore, a negative
correlation was found between the concentra-
tion of cytosolic ATP and the activation of
NLRP1b [13], indicating that NLRP1b is under
the regulation of both PAMPs and DAMPs.
NLRP3 can sense plentiful patterns including
bacterial RNA, toxins, ATP, etc [14, 15]. The acti-
vation of NLRP3 is partially related to mitochon-
drial damage which has a key role in reactive
oxygen species [16]. Also, NEK7 was identified
as an essential protein to mediate the assem-
bly and function of NLRP3-related inflamma-
some in response to potassium efflux [17].
NAIPs contribute to the connection between
PAMPs and NLRC4 [18, 19]. Once NAIP2 recog-
nizes and binds to PrgJ, it becomes activated
and is then allowed to recruit NLRC4 [19].
However, flagellin is found related to NAIP5-
NLRC4 [19]. Absent in melanoma 2 (AIM2) can
recognize the cytosolic dsDNA through the
HIN200 domain [20], while pyrin functions to
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sense the inactivation of Rho GTPases mediat-
ed by Rho-inactivating toxins [21, 22], both
resulting in the upregulated activation of
caspase-1.

Once inflammatory sensors are activated, cer-
tain sensors are prepared for the formation
of inflammasome [23]. Among the activated
pyroptopic inflammatory sensors, NLRP3, AIM2
and pyrin recruit pro-caspase-1 with the help of
ASC [24], an adaptor protein which consists of
a pyrin domain (PYD) and a caspase recruit-
ment domain (CARD). Nevertheless, NLRP1b
and NLRC4 might directly recruit pro-caspase-1
since both of them possess a CARD domain
[25]. The activation of caspase-1 is obtained
from the assembly of inflammasome, followed
up by the cleavage of gasdermin D [6]. Gasder-
min D is cleaved into two fragments, and the
N-terminal fragment squeezes into cell mem-
brane to form open pores [26-28], destroying
physiological activity of membrane as well as
causing cell swelling and rupture. The activated
caspase-1 can also cleave pro-IL-13 and pro-
IL-18 into IL-1B and IL-18 [29, 30], stimulating
local or systematic inflammation (Figure 1).
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Caspase-1 independent pyroptosis

In addition to caspase-1, caspase-4, caspase-
5, and caspase-11 are also involved in the ini-
tiation of pyroptosis. These three caspases can
directly bind to LPS, stimulating the activation
of caspases [31-33]. Consistent with the cas-
pase-1 dependent pyroptosis, gasdermin D is
cleaved at the same site [34]. Besides, a new
way of caspase-11 dependent pyroptosis was
discovered recently that pannexin-1 is cleaved
by activated caspase-11, inducing the release
of cytosolic ATP [35, 36]. P2X7 receptor, a ATP-
gated channel, opens in response to the con-
centration of extracellular ATP, inducing potas-
sium efflux [35]. Caspase-11-induced activa-
tion of pannexin-1 can also trigger potassium
efflux, which in turn stimulates NLRP3-media-
ted pyroptosis [16].

Pyroptosis and disease

Pyroptosis and infectious disease: In pyropto-
sis pathways, PAMPs and LPS can be recog-
nized by corresponding inflammasomes and
caspases respectively to activate downstream
pyroptosis pathways. Thus infection with patho-
gens is a primary way to trigger pyroptosis. It
was found that AIM2 instead of NLRP3 plays an
important role in staphylococcus aureus infec-
tion along with regulating the release of IL-13
[37]. Pereira et al. [38] discovered that flagellin-
deficient legionella pneumophila, compared
with wild-type or motor-type deficient ones,
showed enhancement in its replication, indicat-
ing that flagellin was necessary for the NLRC4-
dependent pyroptosis. In Lei et al.’s study [39]
on the pathogenesis of enterovirus 71, it was
found that enterovirus protease 3C could
cleave gasdermin D. The cutting site is different
from that induced by caspases, leaving the
N-terminal fragment physiologically inactive
thus disabling the downstream pyroptosis path-
ways. Enterovirus 71 escaped the resistance
mechanism of cell immune system in hosts by
directly destroying key factors in pyroptosis
pathways, providing a new perspective to re-
evaluate the resistance of pathogens to the
pyroptosis of hosts.

Pyroptosis and chronic inflammation as well as
autoimmune disease

In chronic inflammation and autoimmune dis-
ease, inflammatory factors can exhibit balance
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disorders. In addition, the initiation of chronic
inflammation and autoimmune disease may be
due to the PAMPs or DAMPs, both also recog-
nized as the initiation of pyroptosis. Therefore,
pyroptosis is closely related to chronic inflam-
mation and autoimmune disease. Palacios-
Macapagal et al. [40] studied immune respons-
es to necrotic liver injury in vivo and found that
necrotic hepatocytes could induce eosinophil
aggregation, IL-1B and IL-18 secretion, degra-
nulation and cell death, and this phenomenon
could be blocked by caspase-1 inhibitor. This
reaction is represented by eosinophils increase
in large areas, suggesting that pyroptosis is the
way in which eosinophils responded to massive
hepatocytes death. Maltez et al. [41] discov-
ered that NLRC4 was essential for the preven-
tion of Chromobacterium violaceum infection,
and the classic pyroptosis pathway it activated
was the main mechanism of liver protection. In
addition, in the liver tissue, the release of IL-
18 cooperated with natural killer cells and
showed an effective protection effect. Cryopy-
rin-associated periodic syndromes (CAPS) is
a rare inherited auto-inflammatory syndrome
associated with mutations in coding residues
adjacent to the Ser295 locus of NLRP3 [42]. In
the study of CAPS, it was discovered that by
PGE2 signaling, protein kinase A (PKA) directly
phosphorylated NLRP3 and inhibited its activa-
tion, and this phosphorylation process was
closely associated with the Ser295 on NLRP3,
suggesting that negative regulation of Ser295
was critical to the inhibition of NLRP3 in the
case of CAPS pathology [43].

Pyroptosis and neurodegenerative disease

Neurodegenerative disease are due to the gra-
dual loss of function and even death of neu-
rons, a process in which pyroptosis has been
found involved [8]. High expression of cas-
pase-1 was found in the brains of patients with
Alzheimer’s disease [44]. NLRP3(-/-) or Caspa-
se-1(-/-) mice carrying mutations associated
with familial Alzheimer’s disease acquired par-
tially protection from loss of spatial memory
and other symptoms associated with Alzh-
eimer’s disease. Also the activity of caspase-1
and IL-1B in the mice’s brains was found
decreased, as well as the increased clearance
of amyloid-B. These findings revealed that
NLRP3-mediated pyroptosis is critical in the
pathogenesis of Alzheimer's disease and
proved the feasibility of intervention cure by
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inhibiting NLRP3. Zhou et al. [45] discovered in
their study of Parkinson’s disease that a-sy-
nuclein, a pathological feature, could activate
NLRP3 and release IL-1( after its endocytosis
by microglia, thus aggravating the disease. It is
noteworthy that they found NLRP3 as the tar-
geted gene of microRNA-7 where microRNA-7
suppressed the activity of NLRP3. Thus using
microRNA-7 to inhibit NLRP3 and as so inhibit-
ing the pathogenesis of Parkinson’s disease
could be considered as a new perspective for
treatment.

Pyroptosis and cardiovascular disease

Mass mortality of endothelial cells, which leads
to vascular endothelium dysfunction, is a ma-
jor cause for cardiovascular disease. Previous
studies [46] on hyperlipidemia and atheroscle-
rosis have reported that in endothelial cells oxi-
dized lipids could activate caspase-1, and then
cause pyroptosis. Compared with the control
group, the symptom of early atherosclerosis
caused by hyperlipidemia was alleviated in
caspase-1-deficient mice. Similarly, the loss of
endothelial cell function in patients with hyper-
cholesterolemia is also associated with NLRP3-
induced pyroptosis. Zhang et al. [47] reported
that cholesterol crystal could increase NLRP3
activity in endothelial cells, thereby enhancing
the inflammatory response of endothelial cells
and process of pyroptosis, which resulted in
coronary artery endothelium dysfunction. More-
over, cardiovascular disease is associated with
heavy metal ions as well. Cadmium (Cd) is an
important and ubiquitous environmental pollut-
ant, which may lead to the cardiovascular sys-
tem dysfunction by targeted damage of endo-
thelial cells [48]. Thus, Cd is partially relative
with cardiovascular disease, such as athero-
sclerosis and hypertension. A study by Chen et
al. [49] showed that Cd could stimulate the pro-
duction of reactive oxygen species in mitochon-
dria and cytosol of human umbilical vein endo-
thelial cells. Reactive oxygen species are recog-
nized as DAMPs by NLRP3 and initiate down-
stream pyroptosis, causing endothelial cells
damage and vascular dysfunction. These re-
searches demonstrate that there exists a com-
mon process in pyroptosis associated cardio-
vascular disease - endothelial cells sense
danger signals and induce NLRP3-dependent
pyroptosis, causing mass mortality as well as
destroying the vascular endothelium function.
Therefore, NLRP3-inhibitory drugs may show
effectivity in this kind of treatment.
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Pyroptosis and cancer

Because of the high risk and the difficulty to
cure, cancer is acquiring more and more atten-
tion all over the world. This part will interpret
cancer just from pyroptosis angle. In some
types of cancer, there is an inflammatory con-
dition before a deterioration occurs [7]. How-
ever, in other types of cancer, carcinogenic
changes can induce inflammatory microenvi-
ronment that promotes tumor progression [7].
Therefore, inflammatory caused by pyroptosis
may be related to the occurrence and develop-
ment of cancer. On the other hand, ‘eternal life’
of cancer cells is one of the major features of
cancer, which may due to the escape from cell
life cycle [50] as well as the inhibition of pyrop-
tosis. Recent evidence [51, 52] suggests that
caspase-1 activity was inhibited in the prostate
cancer tissue and hepatocellular carcinoma
tissue, which then inhibited pyroptosis of can-
cer cells spontaneously. Fortunately, Drugs for
pyroptosis of cancer cells have been discov-
ered. Val-boroPro (Talabostat, PT-100), a non-
selective proline-cleavable serine protease in-
hibitor, can stimulates the mammalian immune
system and has a potential anti-cancer effect
[53]. Nevertheless, a contrast also exists bet-
ween pyroptosis and immune system. Okondo
et al. [54] found that after Val-boroPro induced
inhibition of DPP8 and DPP9, pro-caspase-1
was activated and cleaved gasdermin D to
induce pyroptosis of monocytes and macro-
phages. However, anti-cancer mechanism of
Val-boroPro still need further researches.

Pyroptosis and AIDS

Due to the high mortality rate of AIDS and diffi-
culty to cure, AIDS is discussed separately.
Doitsh et al. [55] found that caspase-1-mediat-
ed pyroptosis, which is induced by abortive HIV
infection, accounts for the majority of CD4+ T
cell death in lymphoid tissue. The inefficient
reverse transcription of abortive HIV infection T
cells results in the accumulation of viral DNA in
the cytosol, which can be detected by host
cells. This process can trigger caspase-1-medi-
ated pyroptosis, and release IL-1p3 to induce
inflammatory responses, finally forming a vi-
cious cycle, and constantly consuming T cells of
the body. This process is also accompanied by
chronic inflammation, an important symptom of
AIDS patients. In contrast to the massive mor-
tality of T cell death in the lymphoid tissue,
Munoz-Arias et al. [56] found that peripheral
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blood-derived CD4+ T cells had a natural resis-
tance to pyroptosis. This resistance is partially
due to the deeper resting state of T cells, result-
ing in fewer HIV-1 reverse transcription. The dif-
ference between these two researches’ conclu-
sion highlights that lymphoid tissue microenvi-
ronment dynamically shapes the CD4+ T-lym-
phocytes response to HIV.

Discussion and future perspectives

The complicated mechanism of pyroptosis and
its association with the internal environment
have been gradually uncovered in recent years.
PAMPs and DAMPs are produced along with the
pathological process of infectious disease and
immune disorders, indicating that both of them
have a strong correlation with pyroptosis. As for
neurodegenerative disease, it is mainly caused
by mass mortality of neurons, partially arising
from pyroptosis, leading to nerve system dys-
function. The mass mortality of endothelial ce-
lls undergoing pyroptosis can result in decre-
ased vascular endothelial function, which is a
major cause of cardiovascular disease, intri-
cately though. Moreover, with a better under-
standing of the effect of pyroptosis on cancer
and AIDS, we are able to see into the causes
of these incurable diseases. Nonetheless, it
should not be ignored that studies in pyroptosis
have only been carried out in a limited region.
For example, enterovirus 71 is able to escape
from immune defense mechanism of the host
cell through destroying gasdermin D. It is intri-
guing whether there exists any possibility to
restrain unnecessary pyroptosis in the body
by taking advantage of the characteristics of
enterovirus 71. Also, it is feasible to develop
targeted medicine to prevent pyroptosis, whi-
ch may contribute to the treatment of neurode-
generative disease or cardiovascular disease.
However, given the characteristics of AIDS and
cancer, pyroptosis may be a blind alley for the
development of these certain targeted drugs.
The way in which we can get a breakthrough in
this area remains an issue of utmost impor-
tance and requires earnest handling.
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