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Abstract: Diabetes mellitus is a T cell-mediated disease associated with the depletion of beta cells
responsible for insulin production. Although the disease is T cell-mediated, it undergoes various
biochemical responses and programmed cell death. Programmed cell death, a distinct biochemical
pathway in which cells die by eliciting various physiological outcomes. Pyroptosis, apoptosis, and
necrosis are the three major forms of programmed cell death that function as a defense mechanism
against various infections, diseases, and microorganisms. This review article focuses on the various
pathological mechanisms of pyroptosis. Pyroptosis is distinguished by the caspase-1-dependent
formation of plasma membrane pores, resulting in the release of pro-inflammatory cytokines, leading
to cell lysis. Caspase-1, a protease which is an interleukin-1L-1p converting enzyme that initiates the
cell death process by converting interleukin-1L-1f into mature inflammatory cytokine (mature form).
Emerging evidence has made pyroptosis a vital trigger as well as an endogenic regulator of diabetes
mellitus.
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1. Introduction

Cells can die through an assortment of biochemical pathways by eliciting various
physiological outcomes. As different biological pathways program their death, this
phenomenon is also known as programmed cell death [1]. Cell death plays a vital role in the
development and endurance of an organism. Pyroptosis and apoptosis are examples of
programmed cell death, and both are executed by caspase. Caspase-1, a protease known to be
an interleukin-1L-1beta converting enzyme, converts interleukin 1lbeta into its mature form,
i.e., in mature inflammatory cytokines [2-5]. So, the activation of protease caspase-1 leads to
the formation of inflammatory cytokines and ultimately accounts for cell death via the plasma
membrane's rupturing [6-9]. Apoptosis, a silent process that elicits its action in the defense
mechanism against infection. Whereas pyroptosis, stimulated by most microbial and non-
infectious diseases, is caused by an inflammatory caspase [2,3].

Moreover, the host factors, i.e., angina pectoris and hypertension in myocardial
infarction, play an essential role in pyroptosis functioning [3,7]. The death that is dependent on
the cell is profound to be programmed self-destruction and hence, regulated by caspase. Thus,
pyroptosis is defined as inherited programmed death regulated by caspase. Hence, it has the
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characteristics of both apoptosis and necrosis [10,11]. Henceforth, pyroptosis leads to
cytokines' release and further activates inflammatory mediators of cell [12]. Also, pyroptosis,
a lytic, features cell swelling and elicits large bubbles from the plasma membrane [12-14].

Diabetes mellitus is a complication associated with depletion in the beta cells producing
insulin. It is a cluster of metabolic disorders that widely acclaim hyperglycemia, glycosuria,
negative nitrogen balance attributed to defect in the secretion of insulin in the body. Long-term
hyperglycemia accounts for distinct side effects that comprise organ failure, dysfunction of
organs, etc. Various other processes that are being involved in diabetes development are;
disruption of pancreatic beta cells, deficiency of insulin that directly cause resistance in insulin
action. The above' cumulative action is seen in carbohydrates, fats, and protein metabolism
abnormalities in patients with diabetes. Symptoms associated with hyperglycemia include
ketoacidosis, weight loss, blurred vision, and polyphagia [15-19].

Hyperglycemia has an intricate role, and its effect is seen in the long-term as various
complications. These complications are related to the eyes, nerves, and kidneys and are
commonly termed retinopathy, neuropathy, and nephropathy. Retinopathy, a complication in
the eyes due to diabetes, is the leading cause of blurred vision. Nephropathy leads to renal
failure. Neuropathy is related to foot ulcers and Charcot joints. Its incidence even encompasses
abnormalities in the heart, including hypertension, atherosclerosis, and peripheral artery
diseases [20,21].

Diabetes mellitus falls into two broad categories: Type-1 diabetes mellitus, i.e., insulin-
dependent, and Type-2 diabetes mellitus, i.e., non-insulin-dependent. Type-1 is attributed to
the disruption of beta cells present in the pancreatic islets. Most of the disruption is related to
autoimmune antibodies, and destroyed beta cells are easily noticeable in blood, but no antibody
is detected. Whereby, in type-2 also no beta-cell antibody is detected in the blood. Here, either
the insulin found is low in circulation or is too high or normal, depending on the integrity of
diabetes. Over 90% of cases of diabetes are known to be type-2. The main cause of type-2
diabetes is an abnormality found in the glucoreceptors of beta cells, leading to progression in
insulin secretion impairment [15]. Diabetes is also developed by inflammasomes, i.e., a
multiprotein complex that detects pathogens, microorganisms in the body. These, in response
to pathogens, activate pro-inflammatory cytokines interleukin-1L-1beta and interleukin-1L-18.
These interleukins are generated from the secretion of caspase-1, which further leads to
pyroptosis, i.e., cell death, in patients with diabetes mellitus.

The nucleotide-binding domain (NOD receptors) was the first one discovered that niche
as forming up inflammasome [21,22]. NLR is being classified according to the domain
structure, as all the NLR contain LRR (leucine-rich repeat), nucleotide-binding domain (NBD),
and a signal domain [23]. Signal domain, executes the caspase-1 recruitment by CARD or by
pyrin domain. This whole process leads to the death of a cell in diabetic patients. It consists of
an adaptor molecule apoptosis-associated speck-like protein containing a CARD (ASC) [24].
The assembly of inflammasome triggers out in response to stimulus found during any infection
or cellular stress that in return activates caspase-1. The first family of sensor proteins
discovered was NOD-like receptors; these receptors are efficient enough to form
inflammasomes. It constitutes a signaling domain. It further plays a vital role in the activation
of caspase-1 [25,26]. Signaling domain causes expression of caspase-1 through CARD and
pyrin domain. CARD is considered an effector domain of ASC. PYRIN domain role's role is
to regulate CARD oligomerization status by upstreaming signaling molecules in the activation
pathway of caspase-1. The CARD and pyrin domain then allow the binding of capsase-1 to
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itself. Inflammasomes are divided into; SNLRP1, NLRC4, AIM2 and NLRP3 [27,28]. NLRP3
inflammasome is the most intensely studied inflammasome, usually gets activated in all the
diseases.

2. Pathogenesis of Diabetes Mellitus

Progression of the disease is known as pathogenesis, and several pathological mediums
contribute to diabetes progression. Diabetes occurs due to beta islet cell death that produces
insulin in the body. Apart from this, beta-cell death in diabetes occurs due to lymphocytes,
CD4, macrophages, interleukins. In type-1 diabetes mellitus, heterogeneity of pancreatic
lesions makes the pathogenesis a bit difficult to follow. Lymphocytic infiltration, found in islet
beta cells, this heterogeneity of cells is being seen in diabetes-1. Apart from this, activation of
CD4 T cells is a prerequisite in the development of diabetes. These cells are prone to produce
diabetes, while CD8 T cells damage the diabetic patient [28,29].

Type-1 Diabetes D Diabetes Mellitus | Type-2 Diabetes
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Figure 1. Pathogenesis of diabetes mellitus 1 and diabetes mellitus 2.

Islet cell proteins, presented by APC (antigen-presenting cells), express high levels of
major histocompatibility complexes (MHC) molecules on their respective surfaces. These are
highly active in the antigen presentation in autoimmune diabetes. APC generates interleukin
cytokines, helps in promoting the differentiation of Thl cells. These Th1 cells further stimulate
the cytotoxic T cells, initiating the process of beta-cell death. The above discussed is the first
step towards the initiation of diabetes disease. Interferons IFN-gamma secreted from T cells
stimulate the action of resting macrophages to release cytokines 1L-1 beta and radicals. These
cytokines and free radicals are considered to be toxic ones for pancreatic beta cells. Beta-cell
damages are caused by the CD8 and T cells recognizing the autoantigen on beta cells [30,31].
Beta-cell damage resulted from the liberation of perforins. Thus, continuous destruction of beta
cells eventually leads to diabetes [29].

Type-2 diabetes, most common in developing countries, generally affects 40-60 years
old aged people. This is mainly caused by lifestyle changes, obesity, high fat diet, and lack of
exercise. Diabetes -2 is mainly recognized by the need for insulin in the body that may cause
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ketoacidosis. Patients with diabetes-2 experience dysfunction of impaired beta cells and insulin
resistance in the body [28].

Pathogenesis of type-2 diabetes involves the progression of insulin resistance in the
body undergoing hyperinsulinemia and further progress in impairment of beta cells (Figure 1)
[32]. Patients with type-2 diabetes face overproduction of glucose and low glycogenolysis.
Release of inflammatory markers is subjected to be seen from the adipose tissues in the patients
undergoing insulin resistance. The glucose, GLP-1 (glucagon-like peptide), fat hormones are
the one that mediates signals to beta cells so as they respond to insulin resistance [33]. Apart
from this, obesity, hypertension, and dysglycemia are the other major cause for the
development of type-2 diabetes. In obesity, insulin resistance in the body can decrease if
minimizing dietary intake and maximizing regular exercise. The impairment of adipose tissues
is mainly caused by various genetic and environmental factors, causing obesity. Its dysfunction
can occur in hypoxia, fat deposition, stress, or inflammatory process in the cells. All this causes
insulin impairment. This results in diabetes mellitus [34].

3. Biology of Pyroptosis

Rupturing, cell secretion and swelling of the cell are considered some of the features of
pyroptosis associated with various diseases. According to various caspase types, the pathway
of pyroptosis is classified into the canonical pathway and non-canonical pathway.

3.1. Canonical pathway.

Inflammasomes are considered multi proteins that serve as a molecular switch in
pyroptosis and contribute to diverse inflammatory diseases. Nod-like receptors (NLRS) [35]
are one of these pyroptosis molecular switches and consist of NLRP1, NLRP3, NLRP7, and
NLRC4. NLRP3 inflammasomes are associated with being linked intricately with the
occurrence of pyroptosis and get activated by various stimuli [36-40]. Damage-associated
molecular patterns (DAMP) and pathogen-associated molecular patterns (PAMP) are the
stimuli by which the NLRP3 inflammasome gets activated. In return, its activation further
activates the assembly of caspase-1 that causes cleavage of pro-inflammatory cytokines, which
cause pyroptosis [41-43].

3.2.Non-canonical pathway.

The non-canonical pathway is also termed as an independent pathway of pyroptosis that
caspase-4 and caspase-5 arbitrate in human beings and caspase-11 present in mice. Caspase-
4,5,11 possess high affinity and is activated by binding to lipopolysaccharide (LPS) [44,45]. It
was seen that gasdermin D, a protein in humans that is encoded by the gsdm d gene, is a
substrate of inflammatory caspase. Caspase-11 responds to LPS, cleave 53-kDa precursor in
an inactive form of gsdm d to generate N-terminal fragment of gsdm d gene in return, triggers
the induction of pyroptosis [46]. Maturation of gsdm d is mediated by caspase-11, which further
contributes to the activation of caspase-1 and the release of 1L-1p. Caspase-11 can also activate
non-canonical NLRP3 inflammasome without the stimulation of LPS [47].

4. Activation Mechanisms of Pyroptosis

Pyroptosis is a form of cell death that varies in morphological nature from other cell
deaths. A crucial feature of pyroptosis is caspase-1 dependent, an enzyme that mediates the
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cell death process. As studied above, apoptosis is another type of cell death in which caspase-
3 and 6 are involved, and caspase-1 does not affect it [48,49]. Pyroptosis mainly features the
release of pro-inflammatory cytokines along with rapid rupturing of plasma membranes.
Henceforth, cell lysis/death during pyroptosis is because of caspase-1 mediated processes. The
one with plasma membrane pores of caspase-1 dependent disperses the gradients of cellular
ions, thus producing an elevation in osmotic pressure and swelling of cells, automatically
resulting in cell lysis, releasing inflammatory intracellular content [50]. So, cells that die by
pyroptosis show some variant features like, increase in the size of cells, cytoprotective agent
glycine block ion influx in the eukaryotic cells that are damaged, and this automatically
prevents the swelling of the cell during pyroptosis. During pyroptosis, the cleavage of DNA
results from caspase-1 activated nuclease in an unidentified form. It does not produce an
oligonucleosomal DNA pattern, a characteristic of apoptosis. Cell lysis and DNA cleavage are
both considered as caspase-1-dependent and a feature of pyroptosis. The actin cytoskeleton is
also observed in the cells that undergo pyroptosis, but the mechanism is unclear [51].

Besides maturation and secretion of 1L-1p and 1L-18 (pro-inflammatory cytokines),
the inflammasome activation triggers the inflammatory cell death termed pyroptosis.
Inflammatory cytokines are released by the pyroptosis induced cell death [52]. Pro-
inflammatory cytokines can easily lead to inflammatory effects, and pyroptosis and pro-
inflammatory cytokines are considered a potential inflammatory mechanism [53,54].
Moreover, pyroptosis is also considered a removal mechanism to kill infected macrophages
and dendritic cells; the pathogenic bacteria can be easily cleared. For instance, the activated
form of caspase-1 can clear Salmonella typhimurium and Legionella pneumophile by
pyroptosis induction. Few pathogenic infections are controlled by co-management of
pyroptosis and cytokine secretion of cytokine. The above mentioned showed that pyroptosis
has an exclusive biological effect and also promotes inflammation [55].

4.1. Gasdermin D: an executioner of pyroptosis.

Pyroptosis, the most effective defense mechanism against bacteria, eliminates
compromised cells, thus removing pathogens' protective niche. Gasdermin D was evolved,
acting as an executioner of pyroptosis, by forming pores [56,57]. It is a 53-KDa substrate. It is
a member of the family of conserved proteins that encompass gasdermin A, B, C, D, and
DFNB59. Humans contain one replica of each one gasdermin. Gasdermin, present in humans,
is composed of 242 amino acids, which are connected to a carboxy-terminal chain having 199
amino acids [58,59]. As there are 2 domains of amino acids, domain C and domain N,
gasdermin joins the N terminal domain, named PFD [60]. Whereas, C terminal domain is
addressed as RD [56,61]. After cleavage, RD separates from PFD, thereby integrating PFD in
the cell membrane [56,57,62]. Both RD and PFD interact by a linker. The linker's main role is
to join both the domains at one end, whereas PFDs alpha 4 helix extends itself from the C
domain and gets binds to RD. Thereby, the cleavage of linker occurs, leading to the dissociation
of alpha 4 helix and henceforth releasing PFD from RD [56,61,63-65].

After the caspase activation, two events take place, the opening of gasdermin pores and
membrane rupture. These only take place because of the number of pores present on the plasma
membrane. Many pores automatically result in plasma membrane separation from the cortical
cytoskeleton, thereby rupturing the membrane [66].
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4.2. Gasdermin D mediates pyroptosis by pore formation.

The open-pore of gasdermin D promotes the breaking of permeability of barrier of the
plasma membrane. The most cataclysmic effect is the disruption of potassium and sodium ions
present across the plasma membrane. Usually, a cytosol has elevated levels of potassium and
deceived levels of sodium [67,68]. Opening of pores ultimately causes potassium efflux from
the cell counter-balanced further by cytosol that pulls cytosol into it (Figure 2). Similarly, the
influx of sodium is there, leading to the elevation in its concentration. This gradually causes
cell volume to increase. Regulatory volume decrease should be followed if the gasdermin pores
are few. Likewise, if the plasma membrane's pores are small, pore containing membrane should
patch with the exocytic membrane fusions [69].

Alternatively, if the pores are present in exceeding number then, cell volume ultimately
increases. Due to this elevated cell volume level, the plasma membrane eventually distincts
itself from the cortical cytoskeleton. After that, this causes rupturing of the membrane that
releases the cytosolic content. This rupturing is termed pyroptosis. All the caspases related to
inflammasome directly cleave this 53-KDa substrate, known as gasdermin D [70]. This
cleavage automatically causes the generation of 31-KDa N-terminal that further induces
pyroptosis.

Linker
PFD 1 RD
FLTD
Water and -8 Swelling
i i i sodium ion
Amino terminal PFD ~  Carboxy terminal RD Carboxy terminal RD
1L1-B
Caspase-1/11 cleavage Caspase-L/11 cleavage \

Membrane rupture

Gasdermin pore

Extracellular
space

Carboxy terminal RD

Amino terminal PFD

Figure 2. Role of gasdermin D in pyroptosis.
5. Deciphering the Role of Inflammasomes and Pyroptosis in Diabetes Mellitus

As studied above, pyroptosis is cell death, and inflammasomes act as a contributor to
diabetes mellitus via pyroptosis by adding up to its progression via sensing various metabolic
and oxidative stresses due to DM in the body [71-73]. Pyroptosis diabetes is commenced
mainly via the activation of the NLRP3 inflammasome.

5.1.ROS overproduction.

Inflammasomes get activated in the diabetes mellitus via various mechanisms. Various
stimulators of NLRP3 inflammasome induce ROS production, and elevation in ROS is
responsible for activation of the inflammasome. ROS is known to be a result of mitochondrial
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oxidative phosphorylation. Through respiration, 2% of molecular oxygen is reduced to OH and
superoxide, and oxygen production takes place at complex -1 and 3 in the mitochondrial
respiratory chain. Complex-1 is when electrons are accepted from NADH that moves down an
electrochemical gradient by ubiquinone to 3 complex. From complex-3, it moves down to
complex-4 and cytochrome-C, when reduction of oxygen to water takes place [74].

Apart from mitochondrial electron transport, ROS is produced in mammalian cells by
NADPH oxidase, lipoxygenase, and cyclooxygenase [75]. These proteins generate ROS by
transferring electrons through various biological membranes to an electron acceptor via
cytosolic donor (NADPH) in luminal space. ROS generation plays a vital role in cell signaling.
Various physiological responses due to ROS may lead to pyroptosis, i.e., cell death. Production
of ROS by polymorphonuclear leukocytes (PMN), exposed to priming via NLRP3 activators,
then regulates NF-KB initiation, i.e., nuclear factor Kappa Light chain enhancer, and along
with this, production of pro-inflammatory cytokines also takes place. Nlrp3 inflammasome
plays a crucial role in promoting the processing of pro-inflammatory cytokines, i.e., 1L-18 and
1L-1pB, and activation of caspase-1 [76]. The diagrammatic representation depicts the secretion
of pro-inflammatory cytokines due to metabolic stress (Figure 3). This depicts that danger
signals are produced in the body due to any stress caused by a disease. Overproduction of ROS,
endoplasmic stress and ATP production is known as metabolic stress for the body [77]. These
are sensed by the signals DAMPs and PAMPs. The sensation would lead to the interaction of
proteins within NLRP3, ASC, and procaspase-1 and further commence in the interaction of
CARD-CARD, helpful in eliciting out caspase-1. The eliciting and activation of caspase-1
contribute to the secretion of pro-inflammatory cytokines, i.e., 1L-1beta and 1L-18. Secretions
successfully contribute to the depletion of islets cells, causing pyroptosis, i.e., cell death [78].

Metabolic Stress
DAMPs
Urine, ATP, Fatty acid, ER stress, ROS

..

FIIND NACHT
NLRP3
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Myeloid cells ‘
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Figure 3. Role of metabolic stress in the activation of inflammasomes.
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5.2.NIrp3 inflammasome.

As studied above, inflammasomes play a vital role in diabetes mellitus and are
subdivided into NLRP2, NLRP3, AIM2, and NLRP4. Among them, the NLRP3 inflammasome
is one of the most widely studied NLR. It also contributes to the progression of diabetes
mellitus by the initiation of pyroptosis [79,80]. These are mainly induced by TLRs (Toll-like
receptors), TNF alpha, and NF-kappa B (inflammatory cytokines). Inflammatory cytokines are
necessary to produce signal-1 and signal-2 along with pro-inflammatory cytokines for further
process. Signal 1 is the priming step that induces the pro-inflammatory cytokine [81,82]
expression, and signal-2 is an activation step triggered by PAMPs and DAMPs, thereby
promoting the assembly of NLRP3 inflammasome and secretion of caspase-1 mediated pro-
inflammatory cytokines secretion [80,82]. The main models for eliciting and activation of
NLRP3 inflammasome include the ion influx model, ROS activation, and lysosome model of
rupture. In the ion influx model, NLRP3 induces efflux of K* that further significantly affects
the mitochondria and mtROS production. K* efflux is formed by binding of extracellular ATP
and the ligand-gated ion channel P2X7R and is promoted by bacterial toxins such as; nigericin,
gramicidin, and valinomycin by forming membrane pores inside the cell membrane. The link
between efflux of K" and NLRP3 inflammasome activation remains unclear [83-86]. At the
same time, some studies demonstrated that the efflux of K* plays a vital role in ASC upstream
with the activation of NLRP3.

T P2X7 Endoplasmic reticulum stress

K+l Ca+2l

\ / NEK7
NLRP3

inflammasomes
Mitochondria

cly
A 4

ROS

CLIC
channel‘ i Cl

Figure 4. Role of ion in the contribution for pyroptosis.

Activation of NLRP3 can be prevented either by inhibiting K* efflux or by maintaining
a high level of K*. The maximum inhibitory effect is seen when K" is 45mM [87-90]. These
few facts regarding K* depicts that it has a fundamental role in NLRP3 activation. Though,
there are some distinct perspectives regarding K*, whether it independently activates NLRP3
inflammasome or not. Some researchers contemplate that K+ [91] is not enough to activate
inflammasome alone as its activation is also related to few variations in intercellular ionic
environment. Others believed that K+ is considered the minimal event that can easily activate
the NLRP3 inflammasome. Figure 4 represents the mechanism and role of K* efflux in the
activation of inflammasomes.
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Damage to mitochondria stimulates the enhancement of CLCs in the cell membrane to
sanction the efflux of CL™[92,93]. CL efflux further leads to the rise in the interaction of NEK7-
NLRP3 and NLRP3 assembly [94-96]. Calcium released from the endoplasmic reticulum has
a higher concentration than normal. This overload of Ca?* in mitochondria additionally directs
to the damage of mitochondria [97]. At last, these cause the production of mtROS, which is the
most prominent cause for the activation of NLRP3 inflammasome [98]. Activation of NLRP3
inflammasome ultimately causes pyroptosis pathway by different pathways depending upon
the danger signals elicited out by the disease. The diagrammatic representation shows efflux
and influx of ions causing pyroptosis in diabetic patients (Figure 4).

As studied above, ions lead to the activation of inflammasome that further causes
pyroptosis [99]. Likewise, pyroptosis is also caused by diabetes when the inflammasome gets
activated in response to danger signals. Those signals are sensed by danger-associated
molecular patterns (DAMPSs) and pathogenic associated molecular patterns (PAMPS) [100]. As
studied above, pyroptosis and cell lysis are regulated by caspase-1 [101] (both caspase-1-
dependent and caspase-1-independent having similar morphological characteristics). Both
encompass cell swelling, absence of DNA laddering, condensation of chromatin, etc. The
caspase-1-independent pyroptosis is only executed by human caspase-4 and 5 [102-104]. Loss
in the membrane potential of mitochondria is widely attributed to cells undergoing pyroptosis.
This loss ultimately causes cytoplasmic content release from the cells that encompass DAMP
alarmins and ligands [105-108].

Current studies also suggested that modifications of NLRP3 inflammasome at a post-
translational level, such as phosphorylation and ubiquitination, play a vital role in its activation.
It was also reported that ubiquitination of NLRP3 is seen at its LRR and NOD before its
activation. Removal of these chains by a deubiquitinase, BRAC1/BRAC2 containing complex
are used to activate NLRP3. Non-receptor type 22 and protein tyrosine phosphate lead to
activation of this inflammasome and the release of 1L-1p. These studies explain that NLRP3
priming is followed by either phosphorylation or by ubiquitination to regulate NLRP3
activation. This activation of NLRP3 is only seen in a person with a disorder, leading to
pyroptosis. Still, further studies are needed to get clarity upon various mechanisms of NLRP3
activation [109].

6. Conclusion

Because of the prevalence of diabetes mellitus, cell death is a response of the body
against any disease and infection. Pyroptosis, necrosis, and apoptosis are the forms of cell
death. Pyroptosis is a form of programmed cell death regulated by inflammasomes that act as
a defense mechanism against diabetes. Diabetes mellitus is a progressive disease associated
with the depletion of beta cells that form insulin. In this review, it has been discussed that
pyroptosis plays a significant role in the niche of diabetes mellitus. NLRP3 inflammasome is
a type of inflammasome that activates various danger signals, ROS, DAMPs, and PAMPs and
leads to the activation of caspase-1 [110]. Caspase-1, a protease, initiates the cell death process.
Caspase-1 is an interleukin-1L-1beta converting enzyme, as it converts interleukin 1beta into
its mature form, i.e., in mature inflammatory cytokines. Apart from NIrp3, Gasdermin D is
evolved, acting as an executioner of pyroptosis by forming pores. Both inflammasome and
gasdermin D are associated with the cleavage of caspase-1, thereby leading to the rupture of
the membrane. Pyroptosis has also been shown to play a vital role in diabetic complications,
thus making it severe.
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In a nutshell, it can be stated that inflammasome leads to pyroptosis in diabetes patients.
In the future, the microbial factors that trigger caspase-1 activation have been taken into
consideration to study those mechanisms clearly and take out the conclusion to stop the
activation. The development of neo-epitope biomarkers may sense the beta loss. It may be used
with the biomarkers used for diabetes evaluation [111,112].
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