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Cell death is a basic biological occurrence which is required for
the existence and growth of an organism.1Programmed cell death
sustains tissue homeostasis facilitating the elimination of redundant
cells. 2When an infectious disease sets in, cells that have been
infected by pathogens prove harmful to the host eclls.2 Evidence
has proved that cell death has a role in immune defense against
infectious diseases.1Cell death can be broadly classified based
on its initiating events, such as apoptosis, pyroptosis and oncosis.
Pyroptosis is an exceedingly inflammatory type of programmed
cell death associated commonly with intracellular microbial
infection and also follows an antimicrobial response. It was first
designated in 1992 in macrophages infected with Shigella flexneri.2
Though apoptosis and pyroptosis both lead to programmed cell
death, they are diverse phenomena. The term “pyroptosis” was
coined by Cookson and Brennan.3
In salmonella-infected cells, Cookson and Brennan3 observed
and revealed stimulus evoking cell death through common
effector pathways. The caspase-1 dependence of this cytotoxicity
differentiates it from other forms of accidental cell death. It is a
proinflammatory program to eliminate potentially dangerous
cells. Pyroptosis has been described as an unconventional way of
confiscating redundant cells. It has been termed as the screaming,
alarm-ringing pro-inflammatory death of potentially dangerous cells
where the timely recruitment of other cells or their roles is essential.
They proposed the term “pyroptosis” originating from a Greek
word “pyro”, linking to fire, fever, or inflammation in the context
of the role of caspase-1 and IL-1β in fever and inflammation, and
“ptosis” to signify a falling, to explain proinflammatory programmed
cell death.2,3 
Pyroptosis has only been explained in macrophages and
dendritic cells with a few proofs of caspase-1 activity in other
cells.2The phenomenon is controlled by a caspase-1-dependent/
independent phenomenon. Caspase-1-independent pyroptosis
is carried out by human caspase-4, 5 or mouse caspase-11. All are
identified by swelling of the cells and their positive expression for
annexin V. There is a loss of membrane potential of the mitochondria
of pyroptotic cells.1It results in breakage of the cellular membrane
releasing all the contents of cytoplasm.
Caspase-1-dependent pyroptosis needs initiation of the
recognized inflammasomes.1Inflammasomes are high-molecularweight protein complexes triggered with numerous infectious
pathogen or physiological stresses provoking a discharge of
pro-inflammatory cytokines. These cytokines employ native
immune cells for defense. In this pathway, inflammasome sensors
are activated, such as NLRP1b, NLRP3 and NLRC4. They help in
recruitment of the cysteine protease caspase 1 in a macromolecular
complex.1Caspase 1 splits gasdermin D and helps pro-IL-1β and 18
to mature, commencing pyroptosis.1IL-1β is a powerful initiator of
inflammatory vasodilation. IL-18 fosters interferon (IFN)-γ assembly
in helper T cells, NK cells, and cytotoxic T cells and promotes local
inflammation. Caspase-1-independent pyroptosis necessitates
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stimulation of the nonrecognized inflammasome1(Flowchart 1).
Pyroptosis plays a twin role in tumor pathogenesis. On the one hand,
the inflammatory mediators produced during pyroptosis are vital for
the process of tumorigenesis and also has a role in drug resistance
to chemotherapeutic drugs. Contrary to this, being a type of death,
pyroptosis prevents the formation and progression of neoplasms.4
NLRP3 inflammasome was studied in 20 biopsied cases of oral
squamous cell carcinoma (OSCC) including the malignant tumor
and the adjacent non-pathological tissues. It was revealed that the
expression levels of NLPR3 inflammasome associated genes (ASC,
casp-1, IL-β and NLRP3) were higher in tumor tissue. These levels
are related to clinical and pathological characteristics of OSCCs.
The study also stated an in vitroexperiment where they concluded
that ASC (apoptosis-associated speck-like protein) facilitates
migration and invasion of OSCC cell lines, promoting metastasis.5
A similar finding was noted in hepatocellular cancer (HCC). Wei et
al. discovered downregulated or absence of NLRP3 expression in
HCC tissues. The manifestation was indirectly proportional to the
pathological grade as well as clinical stage of HCC. This is an indicator
that the NLRP3 inflammasome has a pivotal role in HCC progression.6
Recent studies have shown that administration of anthocyanin
(a flavonoid) activates pyroptosis in OSCC with augmented
NLRP3, caspase-1, and IL-1β expression. Gasdermin D (GSDMD), a
pyroptosis-associated factor, was also increased with stimulation
of the caspase-1 inflammatory pathway. 6 Thus, anthocyanin
upregulates GSDMD, consequently contributing to the initiation
of pyroptosis.7Other studies have shown that flavonoids inhibit
proliferation of OSCC cells, cell migration, and invasion through
the arrest of G1 phase and mitochondria-mediated apoptosis.8
Data indicate that in OSCC, pyroptosis is stimulated after
anthocyanin administration triggering loss of neoplastic cells
inhibiting their migration and invasion. The effects of anthocyanin
on OSCC cells were suppressed by the caspase-1 inhibitor AC-YVADCMK.7Hence, anthocyanin stimulates destruction of OSCC cells by
triggering pyroptosis and thus prevents development of cancer.
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Flowchart 1: Initiation of pyroptosis

Furthermore, detailed studies are required to conclude the
mechanism of pyroptosis and the role of anthocyanin to induce
pyroptosis in OSCC cells to prevent its invasion and metastasis.
Future studies indicated will be helpful in generating various
therapeutic strategies applying or stimulating pyroptosis.
The recently established tumor pyroptosis treatment confirms
prodigious prospective. Recent data show that chemotherapeutic
preparations, miRNA, and similar treatment strategies can stimulate
tumor pyroptosis, thus deterring the malignant development. There
are many chemotherapeutic drugs, which can induce pyroptosis in
tumor tissues. Strategies to downregulation of GSDMD should be
the area of research. Suitable chemotherapeutic medications can be
designated and applied as per the level of GSDME expression. The
levels are upregulated in neoplastic cells improving sensitivity to
chemotherapeutic medicines and diminishing resistance to drugs.4
Moreover, other proteins from gasdermin family should
be vigorously explored to deliver new treatment strategies in
OSCC. More investigations, experimentations, and clinical trials
are desirable to investigate the conceivable use of the treatment
strategy centered on pyroptosis for oral cancer. The phenomenon
can also be exploited to understand the pathogenesis, progression,
and invasion of OSCC and other disorders like potentially malignant
oral disorders along with their treatment options.
As cumulative proof shows that pyroptosis has a double role of
antitumor and tumor promotion in tumorigenesis, it will definitely
have an enormous influence on the diagnosis and treatment of
OSCC. However, current studies are preclinical in nature and are
mostly performed on cell lines. To better understand the actual
role of pyroptosis in OSCC it is important to conduct studies on
human tissues.
In contrast to other malignancies of the body, OSCC is highly
unique in terms of the degree of heterogeneity.9,10
  Two important
reasons associated with it are close association of microbes
with cancer cells and premalignant state. Virtually every OSCC
is secondarily infected and thus has a strong association with
microbiota-associated modulation of tumor biology. Hence, there is a
strong possibility of pyroptosis-associated alterations in the signaling
pathways of OSCC. The second aspect is the association of OSCC with
oral potentially malignant disorders (OPMDs). There is a plethora of
such lesions, which could eventually transformed into OSCC.11,12
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Some of the common OPMDs are leukoplakia, erythroplakia, lichen
planus, and oral submucous fibrosis. It would be very interesting to
study the role of pyroptosis in various OPMDs, which would help in
designing future diagnostic, prognostic, and therapeutic strategies.
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