
R E V I E W

Role of Caspase-1 in the Pathogenesis of 
Inflammatory-Associated Chronic 
Noncommunicable Diseases

This article was published in the following Dove Press journal: 
Journal of Inflammation Research

Meseret Derbew Molla 1 

Yonas Akalu 2 

Zeleke Geto 3 

Baye Dagnew 2 

Birhanu Ayelign 4 

Tewodros Shibabaw 1

1Department of Biochemistry, School of 
Medicine, College of Medicine and Health 
Sciences, University of Gondar, Gondar, 
Ethiopia; 2Department of Human 
Physiology, School of Medicine, College 
of Medicine and Health Sciences, 
University of Gondar, Gondar, Ethiopia; 
3Department of Biomedical Sciences, 
School of Medicine, College of Medicine 
and Health Sciences, Wollo University, 
Dessie, Ethiopia; 4Department of 
Immunology and Molecular Biology, 
School of Biomedical and Laboratory 
Sciences, College of Medicine and Health 
Sciences, University of Gondar, Gondar, 
Ethiopia 

Abstract: Caspase-1 is the first and extensively studied inflammatory caspase that is 
activated through inflammasome assembly. Inflammasome is a cytosolic formation of 
multiprotein complex that aimed to start inflammatory response against infections or cellular 
damages. The process leads to an auto-activation of caspase-1 and consequent maturation of 
caspase-1 target molecules such as interleukin (IL)-1β and IL-18. Recently, the role of 
caspase-1 and inflammasome in inflammatory-induced noncommunicable diseases (NCDs) 
like obesity, diabetes mellitus (DM), cardiovascular diseases (CVDs), cancers and chronic 
respiratory diseases have widely studied. However, their reports are distinct and even they 
have reported contrasting role of caspase-1 in the development and progression of NCDs. 
A few studies have reported that caspase-1/inflammasome assembley has a protective role in 
the initiation and progression of these diseases through the activation of the noncanonical 
caspase-1 target substrates like gasdermin-D and regulation of immune cells. Conversely, 
others have revealed that caspase-1 has a direct/indirect effect in the development and 
progression of several NCDs. Therefore, in this review, we systematically summarized the 
role of caspase-1 in the development and progression of NCDs, especially in obesity, DM, 
CVDs and cancers. 
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Introduction
Caspases are a cysteine protease that speed up a chemical reaction via pointing their 
target substrates following an aspartic acid residue.1 They are grouped into apopto-
tic (caspase-2, 3, 6, 7, 8, 9 and 10) and inflammatory (caspase-1, 4, 5, 11 and 12) 
mediated caspases.2 Caspase-1 is the first studied caspase in 1989 and clearly 
characterized in 1992 after performing genetic sequencing.3,4 It is one of the most 
common and well-studied inflammatory mediated caspases that initiate inflamma-
tory response through the activation of pro-inflammatory cytokines such as inter-
leukin-1β (IL-1β) and IL-18.5 However, caspase-1 is produced and stored within 
the tissues in the form of zymogens (inactive form of a molecule) like that of other 
caspases. Therefore, caspase-1 should be first activated in order to be functional, 
and caspase-1 is activated through the assembly of an inflammasome complex.6 

Inflammasomes are a cytosolic multiprotein complex formation that are recruited 
by external pathogen-associated molecular patterns (PAMPs) and/or internal 
damage-associated molecular patterns (DAMPs) stimuli, which is usually generated 

Correspondence: Meseret Derbew Molla  
Department of Biochemistry, School of 
Medicine, College of Medicine and Health 
Sciences, University of Gondar, PO Box 
196, Gondar, Ethiopia,  
Tel +251918331617  
Email messidrm19@gmail.com

submit your manuscript | www.dovepress.com Journal of Inflammation Research 2020:13 749–764                                                          749

http://doi.org/10.2147/JIR.S277457 

DovePress © 2020 Molla et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-2622-522X
http://orcid.org/0000-0002-0914-7768
http://orcid.org/0000-0001-8332-8885
http://orcid.org/0000-0002-2397-5930
http://orcid.org/0000-0001-9157-3637
http://orcid.org/0000-0002-9155-4898
mailto:messidrm19@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


by immune cells. The immune cells are able to detect these 
stimuli through the help of pattern recognition receptors 
(PRRs).6,7 The primary aim of the inflammasome complex 
is to resist the host innate immune cells for infection or 
injury, but chronic inflammasomes may rather lead to 
chronic inflammatory disorders such as obesity, DM and 
CVDs.8,9

Recently, several human and animal studies have 
explored that different metabolic intermediates can be 
initiated and activate the inflammasome in the immune 
cells. For example, nucleotide-binding domain and leu-
cine-rich repeat containing nod-like receptor, pyrin domain 
containing 3 (NLRP3) inflammasome, the most studied 
inflammasome, can be activated by calcium channel 
affecting marine toxin maitotoxin, bacterial ribonucleic 
acid (RNA), uric acid crystals associated with gout, extra-
cellular ATP, ceramides, high plasma free fatty acid, high 
blood glucose level and islet amyloid polypeptide.10–13 

NLRP3 inflammasome is a cytosolic protein complex 
that expressed in monocytes, dendritic cells, neutrophils, 
lymphocytes, epithelial cells and osteoblasts.14 Having this 
understanding, researchers who are focused on clinical 
studies revealed that inflammasome targeting therapeutic 
intervention for inflammatory disorders should be encour-
aged. This is because of the activation of IL-1β and other 
inflammatory cytokines that can initiate and/or aggravate 
the inflammation of some vital organs, including adipose 
tissue and pancreatic beta cells, and in turn result in meta-
bolic disorders.15 In particular, white adipose tissue (WAT) 
is one of the most affected tissues and the impairment or 
dysregulation of adipogenesis and adipokines are fre-
quently encountered due to metabolic disorder-associated 
systemic inflammation.16 Consequently, the functional 
impairment of WAT increases the flux of free fatty acid 
(FFA) into nonadipose tissues, which will be accumulated 
in vital organs as ectopic fat and/or toxic FA metabolites 
like ceramide. This causes or increases insulin resistance, 
which in turn stimulates oversecretion of insulin from 
pancreatic beta cells for physiological compensatory activ-
ities. Following this, over time oversecretion of insulin 
causes exhaustion of pancreatic beta cells and then 
resulted in the impairment of insulin secretion. Finally, 
this leads to hyperglycemia and other metabolic disorders 
that are associated with the inability of insulin action.17,18

Furthermore, studies have confirmed that activation of 
IL-1β and IL-18 by caspase-1 are directly associated with 
several metabolic disorders and their complications such 
as obesity, atherosclerosis, impairment of insulin action 

and/or secretion, cancers and nonalcoholic fatty liver 
disease.19,20 These diseases collectively termed as NCDs 
are alarmingly increasing worldwide and become the 
major global public health concern. Globally, NCDs are 
the leading cause of morbidity and mortality with high 
proportion rate found in middle and low income 
countries.21 They accounted for about 70% of deaths in 
the world. Out of them, cardiovascular diseases (CVDs) 
are the most frequent cause of death followed by cancers, 
chronic respiratory diseases and DM. Thus, NCDs produce 
a massive health and economic burdens in the world, 
especially in low and middle-income countries.22 

Therefore, targeting the exact molecular link between cas-
pase-1 and these NCDs is vital to overcome the health and 
economic burden of the population. In support of this, 
NCDs share common modifiable behavioral risk factors, 
such as unbalanced diet, inadequate physical activity, and 
frequent use of alcohol and tobacco, in turn lead to the 
activation of inflammasome and inflammatory responses, 
which further lead to several metabolic disorders such as 
obesity, hypertension, dyslipidemia and finally chronic 
diseases.23–25 These risk factors could have a synergizing 
effect overtime time and associated with the development 
and progression of NCDs, and finally may lead to 
death.23,25 However, to the concern of our search, there 
are a limited number of reviews on the issue, even with 
several original articles having been published throughout 
a year. Therefore, we aimed to summarize the role of 
caspase-1 in inflammatory-associated chronic NCDs such 
as obesity, DM, CVDs and cancers.

Caspase-1 Activation and 
Inflammation
Caspase-1 is the well-studied inflammatory mediated cas-
pase, which is important for pro-inflammatory cytokines 
(proIL-1β and IL-18) maturation into IL-1β and IL-18.5 

Inflammatory mediated caspases are those caspases that 
take part in the process of inflammation and cell death to 
overcome the stimulatory materials.26 The pro-caspase-1, 
is activated through inflammasome assembly which is 
stimulated by several small molecules derived from infec-
tions, tissue damages, or metabolic dysfunctions.27 Thus, 
caspase-1 activation is commonly observed in macro-
phages, dendritic cells and epithelial cells as immune 
defense mechanism.28 Inflammasome are a group of cyto-
solic multimeric protein complexes that is assembled in 
response to the danger signs (PAMPs and DAMPs) which 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2020:13 750

Molla et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


is best known for their ability to control activation of pro- 
caspase-1, and active caspase-1 in turn regulates its target 
substrates.6 Innate immune cells recognize these danger 
signs through PRRs such as toll-like receptors (TLRs) or 
intracellular node-like receptors (NLRs).29 However, the 
external stimuli (PAMPs, including microbial infection) 
should have an access of cytosolic sensing to assemble 
inflammasome complexes since inflammasome is 
a cytosolic dependent intracellular process.30 There are 
many inflammasomes yet to be studied that are differen-
tiated by their distinct activators, NLR/ALR components, 
and effector caspases. Of these, NLR families (NLRP1, 
NLRP3 or NLR apoptosis inhibitory protein (NAIP), 
NLRP6, NLRP7, NLRP12 and NLRC4 or IPAF) are the 
most common inflammasome responsible for host immune 
responses against infection, trauma or tissue necrosis. The 
HIN-200 family member AIM2 can also be the other 
common receptors for the inflammasome complex 
formation.31 However, NLRP3 inflammasome is by far 
the most studied and important inflammasome in the 
development and progression of inflammatory-induced 
metabolic diseases.32 It is activated by several PAMPs 
and DAMPs, but the exact molecular mechanism by 
which these ligands are attached to NLRP3 is not clearly 
addressed yet.

Several studies have reported that NLRP3 inflamma-
some can be activated through the efflux of potassium 
ion due to the NLRP3 stimuli mediated by the purinergic 
P2X7 receptor and phagocytosis of the pathogens by 
immune cells associated with the release of lysosomal 
cysteine protease (cathepsin B) and lysosomal swelling 
and damage. NLRP3 inflammasome can also be activated 
through RIP2 kinase-NF-kB–dependent transcriptional 
activation of the NLRP3 inflammasome components. 
The external stimuli (PAMPs and DAMPs) are recog-
nized by TLRs, which mediates the expression of RIP2 
kinase. The expression of RIP2 kinase activates the 
nuclear NF-kB and MAP kinases and then induces the 
activation of pro-inflammatory cytokines through 
the assembly of NLRP3 inflammasome.33–35 RIP2 kinase 
is one of the RIP kinase family that has the N-terminal 
homologous kinase domain, an intermediate domain and 
a C-terminal caspase activation and recruitment domain 
(CARD).36 However, some other inflammasome can be 
directly detected and bind with the ligand of danger 
signals. For instance, AIM2 and NLRC4 inflammasome 
directly binds to double-stranded DNA and bacterial 
flagellin, respectively.37–39 Moreover, studies have 

reported that pyrin containing inflammasomes can be 
recognized in the microbial infections with the pyrin 
part of the inflammasome. Thus, the pryin recognizes 
and binds with the modified rho GTPases such as adeny-
lylation, glucosylation and ADP-ribosylation by bacterial 
toxins.40

Although different types of inflammasome have stu-
died, the classical inflammasome complex is composed of 
three components; (i) a cytosolic sensor to detect microbial 
products or stress signals (can be NLRs, absent in mela-
noma 2–like receptors (ALRs), or pyrin), (ii) an adaptor 
protein (apoptosis-associated speck-like protein containing 
a CARD; ASC), and (iii) an effector caspase (pro-caspase 
-1).41,42 These inflammasome are an intracellular danger 
sign detector that primarily aim to activate procaspase-1, 
and in turn lead to the maturation of the target substrates 
(proIL-1β, IL-18 and gasdermin-D) into their biological 
active form, then initiate and/or mediate the inflammatory 
response.6,43 Once these pro-inflammatory cytokines (IL- 
1β and proIL-18) are activated, they act in an autocrine or 
paracrine way and mediate both innate and adaptive 
immune response through the mediation of leukocyte sur-
vival, proliferation, differentiation, recruitment and 
migration.44 For instance, active IL-1β binds to the IL-1 
receptor and activates nuclear factor kappaB (NF-κB) and 
mitogen-activated protein kinase (MAPK) pathways which 
bring to the generation of more inflammatory mediators 
that influence cell migration and immune cell infiltration.45 

It can also promote and keep up interferon gamma (IFN-γ) 
and IL-17 producing Th1 and Th17 cells, respectively46 

(Figure 1).
Active caspase-1 also stimulates inflammatory- 

induced cell death called pyroptosis through gasdermin- 
D activation.47,48 Therefore, inflammasome-mediated 
activation of caspase-1 and its target substrates are phy-
siologically important to regulate immune cell response 
against microbial infections and metabolic activities.32,49 

However, infection resistance or obesity-associated 
chronic inflammation in peripheral tissues can lead to 
metabolic disturbances such as obesity, type two diabetes 
mellitus (T2DM), insulin resistance and cardiovascular 
diseases.50 Chronic inflammation is usually associated 
with the release of oxidative metabolic intermediates 
like ROS, which in turn leads to organelle dysfunctions, 
including mitochondrial dysfunction. The disturbance of 
mitochondrial dynamic activity can further contribute for 
the development and progression of these inflammatory- 
induced metabolic disorders.51
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Role of Caspase-1 in Obesity
Globally, the prevalence and incidence rate of obesity is 
becoming extremely high regardless of age and sex. 
Consequently, obesity is associated with many life- 
threatening metabolic disorders such as T2DM or insulin 
resistance/β-cell dysfunction, atherosclerosis, obstructive 
airway diseases, nonalcoholic fatty liver disease and 
cancers.52 So far, several human and animal experimental 
studies revealed that NLRP3 inflammasome and caspase-1 
overexpression were found in obese subjects compared 
with normal, which may be directly associated with the 
progression and complication of obesity into further meta-
bolic disorders.12,20,53

The activation of IL-1β and IL-18 (caspase-1 target sub-
strates) are linked to the development of obesity, but the 
exact molecular mechanisms are still in research.19,20 

Besides, the role of caspase-1 in the development and pro-
gression of obesity remains a controversial issue. Some 
experimental studies reported that development of obesity 
is less likely in caspase-1 deficient mice compared with the 
wild-type mice and other studies have released the opposite, 
ie the probability of developing obesity is more likely in 
caspase-1 deficient mice than that of the wild-type mice.54– 

56 In addition, one study also reported that IL-18 deficient 
mice have significantly increased body weight compared to 
wild-type at the same age.20 This may be due to the excep-
tional activity of IL-18. Thus, unlike IL-1β, maturation of 
IL-18 with active NLRP1 inflammasome activates insulin 
sensitivity in the peripheral tissues, and in turn stimulates 
activation of insulin dependent metabolic pathways, includ-
ing fatty acid utilization. Consequently, accumulation of 
excess fat becomes reduced and will have low chance of 

Figure 1 Activation of caspase-1 and its role in the initiation of inflammation. Different types of inflammasome can be activated by their distinct stimuli’s. Of these, NLRP3 
can be activated by several PAMPs and DAMPs that enter into the cytosol through TLRs or phagocytosis. Moreover, in response to extracellular ATP, efflux of K+ from 
intracellular via P2X7 and release of Ca++ from storage site called smooth endoplasmic reticulum via Ca2+ channel leads to mitochondrial dysfunction and generation of ROS 
could trigger oxidative stress, which can then activate NLRP3 inflammasome. All inflammasomes finally activate procaspase-1 to caspase-1, and in turn matures pro-IL-1β and 
pro-IL-18 to induce inflammatory response. Caspase-1 activated gasdermin-D serves as pore-forming protein channels for IL-1β and IL-18 secretion, then high abundance of 
gasdermin-D at the plasma membrane results in inflammatory-induced lytic form of cell death called pyroptosis. NLRC4 inflammasome does not have ASC/adaptor protein, 
and the CARD domain of NLRC4 directly binds to its respective domain of procaspase-1. 
Abbreviations: PAMPs, pathogen-associated molecular patterns; DAMPs, damage-associated molecular patterns; TLRs, toll-like receptors; IL-1β, interleukin 1 beta; NLRP, 
nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain containing; NBD, nucleotide-binding oligomerization domain; LRR, leucine rich repeat; ASC, 
apoptosis-associated speck-like protein containing a CARD; CARD, caspase activation and recruitment domains; NF-κB, nuclear factor kappaB; MAPK, mitogen-activated 
protein kinase.
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developing obesity.57 Other studies have also reported that 
development of obesity-associated insulin resistance is com-
monly observed in IL-18 gene/receptor deficient mice than 
that of wild-type mice.20,58 This suggests that in healthy 
individuals’ caspase-1 dependent activation of IL-18 is 
important for metabolic homeostasis. However, in systemic 
inflammation the activity of IL-18 is undermined by matured 
IL-1β, then obesity development and progression might be 
prominent. In support of this, one study has also reported 
that the effect of inflammatory stimuli on IL-18 is slight 
compared to IL-1β.59

These controversies have revealed that activation of 
inflammatory signaling pathway had a significant effect 
in lipid metabolism alteration, especially in the situation 
of diabetes, insulin resistance, atherosclerosis, obesity and 
infection disorders.60 Diabetes, insulin resistance, athero-
sclerosis and obesity are very closely related metabolic 
disorders that are characterized by hyperactivation of pro- 
inflammatory cytokines and inflammatory signaling 
pathways.61 In particular, pro-inflammatory cytokines 
such as tumor necrosis factor (TNF), IL-1β and IL-12 
over-activation during these condition attracts further 

inflammatory molecules and results in infiltration of 
inflamed organs by immune cells.59 This is supported by 
both human and mice studies, which revealed that macro-
phage infiltration of adipose tissue has been observed in 
obesity.62,63 This condition will be further aggravated by 
excessive nutrition and abnormal of production metabolic 
intermediate, which are the principal risk factors of obesity 
development and progression. Particularly, NLRP3 inflam-
masome is activated by several metabolic surpluses such 
as ceramides, saturated fatty acid and monosodium 
urate.10,12,64 Initially, inflammation helps to clear infection 
or any other noxious stimuli, but if the process persists and 
the noxious stimuli cannot be quickly eliminated, it will 
result in chronic inflammation, which lead to serious tissue 
damage and pathological consequences65 (Figure 2). As 
the stimulatory molecules are continued for a prolonged 
time, the adipose tissue will become hypertrophied and 
cause death due to the overactivation of the pro- 
inflammatory cytokines through hypoxia and endoplasmic 
reticulum (ER) stress-related mechanisms. This condition 
synergistically aggravates the problem and will result in 
the release of FFAs in the circulation.66 The circulating 

Figure 2 The role of caspase-1 in the pathogenesis of inflammatory-induced NCDs. Activation of caspase-1 by internal/external stimuli matures pro-inflammatory cytokines 
(IL-1β) and gasdermin-D to induce pyroptosis. This initiates inflammatory response and may result in cell injury and/or death, plaque formation and rupture, infiltration to 
several organs, in turn leading to the development and progression of obesity, atherosclerosis, cardiac remodeling and cancer formation. The release of ROS/RNS from 
stressed mitochondria may directly oxidize and damage cellular/extracellular proteins, carbohydrates, lipids and nucleic acids that lead to metabolic disturbance. Thus, DNA 
damage leads to an alteration of signaling pathways (suppression of tumor suppressor genes and promotion of tumor promoter genes) that further results in exacerbation of 
DNA damage, genomic instability and impairment of DNA repair system. These collectively may promote carcinogenesis. These metabolic disturbances further result in the 
production of NLRP3 inflammasome stimulatory molecules such as cholesterol crystals, ROS/RNS, damaged cells and ATP, which in turn activates caspase-1 in positive 
a loop pathway which aggravates the inflammatory process and infiltration of the inflammatory immune cells. 
Abbreviations: NCDs, noncommunicable diseases; ATP, adenosine triphosphate; RNS, reactive nitrogen species.
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FFAs may further directly bind to TLR2 and TLR4, indu-
cing NF-κB activation and production of further pro- 
inflammatory cytokines, including pro-IL-1β, which in 
turn contributes to the progression of obesity.46 Besides, 
active caspase-1 can also be stimulated the development 
and advancement of obesity through inactivation of sir-
tuin1 (SIRT1)67,68 (Figure 2). Sirtuin1 is a nuclear nicoti-
namide-adenine dinucleotide (NAD+) dependent protein 
deacetylase that regulates several transcriptional factors, 
which are very important for systemic metabolic 
homeostasis69 Thus, inactivation of SIRT1 by active cas-
pase-1 results inactivation of SIRT1 target pathways.67 For 
instance, in adipose tissue, inactivation of SIRT1 activates 
the expression of peroxisome proliferator-activated recep-
tor gamma (PPARγ), which in turn activates adipogenesis, 
inhibits fat mobilization70 and promotes insulin resistance 
by targeting NF-κB.71 In addition, in hepatic cells, inacti-
vation of SIRT1 may lead to activation of sterol regulatory 
element-binding protein 1 (SREBP1), and in turn lead to 
the increment of de novo synthesis of both fatty acid and 
cholesterol.72,73

Role of Caspase-1 in Diabetes 
Mellitus
Diabetes mellitus is a metabolic disorder characterized 
by the persistent elevation of blood glucose levels 
(hyperglycemia) due to failure of insulin production 
and/or insulin action.74 It is becoming one of the most 
common public health problems in the world and the 
number of affected people has increased up to fourfold 
in the past three decades.75 Globally, in 2019, the number 
of people with DM reached around 463 million, and it is 
estimated that by 2045, this number will reach 
700 million.76 Three quarters of the disease is found in 
developing countries, and more than 90% of them are 
affected by T2DM.77 Thus, medical fees along with 
micro and macro vascular complication-associated death 
are the main concern of DM patients.75,78 For this reason, 
scholars have given substantial attention to the potential 
initiated mechanism of T2DM. The major metabolic 
abnormality that greatly contributed to the development 
of T2DM is insulin resistance and it has been addressed 
that obesity is the most common cause of insulin 
resistance.74,79 Obesity-associated insulin resistance is 
mainly caused by the initiation of chronic inflammations 
in several tissues.9,80

In line with this, researchers found that low-grade 
chronic inflammation have a great role in the onset and 
progression of T2DM.81,82 So far, studies have confirmed 
that the major inflammatory cytokines (IL-1 family, IL-6 
and TNF-α) are highly overexpressed in patients with 
T2DM.83–86 The activation of these cytokines are involved 
in the promotion of pancreatic beta cell destruction, which 
in turn leads to the impairment of insulin secretion and 
resistance of insulin in the peripheral cells through the 
interference of insulin receptors.87 In fact, the exact mole-
cular mechanism of the development of insulin resistance 
is not clearly understood yet, but excess accumulation of 
fats and inflammation of adipose tissues are believed to be 
a major contributing factor for it.88 While insulin resis-
tances have been developed, it associated with the accu-
mulation of ectopic fat which generates toxic metabolic 
intermediates like diacylglycerol and ceramides. 
Consequently, these molecules could have a potential to 
activate inflammasomes, especially NLRP3 inflamma-
some, which in turn activates IL-1β. Then, IL-1β along 
with other inflammatory cytokines such as IL-6, and TNF- 
α will further aggravate the inflammatory reaction in 
response to the stimuli19 (Figure 2). The maturation of 
these cytokines can also be directly inhibited by the acti-
vation of Akt due to the biosynthesis of ceramides and in 
turn affect the activity of insulin. Thus, the increment of 
intracellular ceramide associates with insulin resistance 
through the activation of phosphatase 2A to dephosphor-
ylate Akt, which in turn inhibits insulin signaling.89,90

The major inflammatory cytokine (IL-1β) activation 
through caspase-1 can also be involved in DM develop-
ment and progression through the interfering of the activ-
ity of insulin-signaling pathways by activating stress 
kinases, including the inhibitor of nuclear factor κB kinase 
subunit β (IKKβ) and c-Jun N-terminal kinase (JNK).15,91 

The activation of these stress kinases brings the interfer-
ence of the activity of insulin receptor through the phos-
phorylation of insulin receptor substrate 1 (IRS1), then 
leads to the impairment of the downstream response 
(PI3K activity).92–94 Cytokine activation can also directly 
affect the activity of insulin through the inhibition of 
insulin signaling molecule expression.95 As the activity 
of the insulin receptor is altered, the activity of insulin 
will be compromised and pancreatic beta cells will pro-
duce more insulin as a compensatory mechanism. 
However, over time pancreatic beta cells become 
exhausted and fail to produce enough insulin and lead to 
DM development.18
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Furthermore, the activation of inflammatory cytokines, 
including IL-1β in pancreatic beta cells will directly inter-
fere with the production of insulin via the promotion of 
inflammatory-induced pancreatic β cell hypertrophy and 
death due to pancreatic infiltrating macrophages, which in 
turn results hyperglycemia and associated metabolic 
disorders.17,18,96 This may also be provoked by the activa-
tion of the inflammasomes due to a high glucose diet lead-
ing to elevation of blood glucose levels.24 This may be due 
to hyperglycemia-induced upregulation of electron transport 
chain in β cells, which results in the generation of mito-
chondrial ROS, and in turn stimulates the dissociation of 
thioredoxin to produce thioredoxin-interacting protein 
(TXNIP) which binds and activates NLRP3 inflammasome. 
Moreover, NLRP3 inflammasome can further bind with 
thioredoxin-interacting protein (TXNIP); thereby promoting 
insulin resistance and pancreatic cell death through the 
inhibition of thioredoxin. Thus, the inhibition of thioredoxin 
results in production of more ROS which brings activation 
of more NLRP3 inflammasome since ROS is one of the 
most commonly known activators of it96,97 (Figure 2). 
Similarly, several studies have also reported that IL-1β 
deficient mice have good insulin response for athreogenic 
diets or high fat diets, and injection of IL-1β puts the mice 
in insulin resistance.54,64 The pathological role of inflam-
masome in T2DM is supported by other studies that 
revealed that the administration of insulin-secretion promot-
ing drug (glyburide) and IL-1 receptor antagonist to treat 
T2DM were found to suppress the maturation of NLRP3- 
mediated IL-1β and improvement of β-cell function and 
blood glucose level.98,99

Role of Caspase-1 in Cardiovascular 
Diseases
CVDs are a combined name for vascular/blood vessel and 
heart diseases, which are life-threatening diseases. Some of 
these are heart failure, coronary heart disease, cardiomyo-
pathy, peripheral vascular disease, congenital heart disease 
and stroke.100 The chance of developing CVDs is more 
common in those people having metabolic disorders than 
that of relatively healthy people. So far, published papers 
have reported that an overexpression of caspase-1 is often 
observed in all CVDs. However, the role of caspase-1 is not 
similarly reported in deferent types of CVDs. For instance, 
in heart failure and cardiac ischemia, it was reported that 
caspase-1 plays a protective role in the deterioration of the 
disease by inducing programed cell death to clear out the 

damaged cells. In their finding, caspase-1 has a pro- 
apoptotic activity that helps withactivation of the intrinsic 
apoptotic caspases such as caspase-3 and caspase-9 bringing 
initiation of apoptosis and reduction of the inflammatory 
process in affected cells.101,102 Conversely, it also reported 
that caspase-1 can directly initiate inflammatory-induced 
cell death through the activation of the gasdermin- 
D-induced pyroptosis pathway, which in turn results in 
cardiomyocyte death, excessive scar formation, and poor 
ventricular remodeling.103 Other experimental studies on 
mice also reported that activation of NLRP3 inflammasome 
and caspase-1 may cause excessive cell death in cardiac 
ischemia. Thus, they suggested that inhibition of caspase-1 
activation may have a great role in the progression of 
cardiac ischemia due to excessive cell death.102,104

Other reports also revealed that inflammasome can be 
involved in the development and expansion of CVDs through 
several mechanisms. For example, activation of IL-1β 
through inflammasome assembly contributes to induction 
of systemic hypertension and its progression to CVDs.105 

Active IL-1β induces expression of renin-angiotensin- 
aldosterone system and ROS generation in the paraventricu-
lar nucleus, which helps the progression of hypertension into 
complications, including CVDs.106 In support of this, one 
study has reported that inhibition of IL-1β suppresses the 
deterioration of hypertension, rather results in good response 
of the disease.107 It is also reported that in vivo experimental 
study, caspase-1 deficient mice are protected from 
atherosclerosis.108 Similarly, the activation of IL-1β with 
NLRP3 inflammasome has a great contribution to athero-
sclerosis plaque formation and progression to CVDs.109–111 

Thus, active IL-1β along with chemoattractants stimulate and 
attract more inflammatory cytokines to overcome the pro-
blem, but over time the plaque formation will be aggravated 
and lead to narrowing of the blood vessels. Then, there will 
be new development of coronary heart disease and associated 
complications. During this process, the release of damaged 
molecules and ROS further stimulates NLRP3 inflamma-
some activation and aggravates atherosclerosis plaque for-
mation in positive loop pathways.112 Consequently, the 
activation of NLRP3 inflammasome by high level of choles-
terol crystals, ROS, and other PAMPs and DAMPs further 
leads to the activation of IL-1β and gasdermin-D, which in 
turn causes the initiation of cardiac cells inflammation, pyr-
optosis, remodeling, hypertrophy and fibrosis formation. 
This condition further results in the deterioration of athero-
sclerosis to myocardial infarction and other cardiac 
complications.113 In addition to this, one study also reported 
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that active caspase-1 with NLRP3 inflammasome can 
directly bind and degrade contractile proteins in smooth 
muscle cells. Then, the contractile property of these cells 
will be lost along with biochemical dysfunctions, which in 
turn leads to the formation of aortic destruction and aortic 
aneurysms and dissections.114 Thus, inhibition of caspase-1 
expression with inflammasome inhibitors like glyburide 
(antidiabetic drug which blocks potassium efflux)98 signifi-
cantly reduces angiotensin II–induced development of aortic 
aneurysms and dissections.114 Although the exact molecular 
mechanism is not clearly revealed, individuals with aortic 
aneurysms and dissections are usually associated with the 
formation of atherosclerosis and coronary heart disease.115 

Therefore, we can generalize that caspase-1 could have a key 
role in the progression of hypertension and atherosclerosis 
into CVD complications, and can be helpful as a new insight 
of therapeutic strategies (Figure 2).

Although the role of caspase-1 in CVD remains con-
troversial, the type of cardiac cells by which NLRP3 inflam-
masome and caspase-1 can be activated determines the role 
of NLRP3 inflammasome and caspase-1 in these cells. In 
leukocytes, the activation of NLRP3 inflammasome targets 
the maturation of pro-inflammatory cytokines, which in turn 
leads to inflammatory response-associated complications. In 
cardiomyocytes, the activation of NLRP3 inflammasome 
mainly targets the activation of gasdermin-D and other 
apoptotic caspases to induce caspase-1–mediated cell 
death without altering the production of increased IL-1β 
and IL-18. Surprisingly, in fibroblast cells, caspase-1 
involves the maturation of IL-1β–mediated myofibroblast 
differentiation and collagen synthesis.103,116–118 In animals, 
fibroblasts are the most common cells of connective tissue 
that produce the structural framework of the tissue through 
the synthesis of extracellular matrix and collagen. 
Fibroblasts can also be involved in the inflammatory 
responses for tissue injuries or infections through the induc-
tion of chemokine synthesis.119

Role of Caspase-1 in Cancers
Recently, cancers have become one of the most common 
public health problems worldwide. Globally, about 18.1 
and 9.6 million newly diagnosed cancer cases and cancer- 
related deaths, respectively have been reported in 2018.120 

The molecular pathogenesis of most cancers are becoming 
the focus of many researchers, but not clearly understood yet. 
However, it has been understood that tumor cells are resistant 
to programmed cell death (apoptosis), have high proliferation 
rate and stimulate the immune cells to start their protective 

activities.121 The presence of chronic inflammation along 
with high intake of processed food, bad behavioral practices 
like alcohol drinking and cigarette smoking and poor physi-
cal activity are believed to be the major contributing factors 
for the increment of the incidence and mortality rate of most 
cancers.122–124 It has reported that the incidence rate of 
inflammation-associated human cancers reached around 
15% in accordance to the total incidence rate of cancers.125 

Although the exact molecular mechanism of chronic inflam-
mation-associated cancer development is not clearly under-
stood, it is believed that the generation of inflammation- 
associated cytokines such as IL-1 families, IL-6 and TNF-α 
and the generation of ROS are the main contributing factors 
of it. The tumor microenvironment is mainly coordinated by 
these inflammatory cells, which in turn aggravates the pro-
gression of tumor cells to advanced stages.126 The inflam-
matory cells are further activated in response of 
carcinogens and inflammatory-induced cell injuries. 
Initially, these cells are aimed to switch cellular stress and 
damage, but over time inability to manage the problem leads 
to obstinate interleukin production, which in turn brings the 
exacerbation of tissue destruction, thus, further leading to the 
development and progression of tumorigenesis.127 So far, it 
has been shown that caspase-1 activates of the proinflamma-
tory ILs which may have a role in the formation and progres-
sion of tumorigenesis. Furthermore, the role of these ILs 
fighting against infection and autoimmune disease develop-
ment are well-characterized, but their role in the development 
and progression of tumor residues remains 
controversial.128,129 The inhibition of SIRT1 expression 
through the noncanonical activity of caspase-1 may also 
partly contribute to the controversial effect of caspase-1 in 
tumor development and progression. The role of SIRT1 in 
tumorigenesis remains debatable although the inhibition of 
SIRT1 supports the therapeutic approach of some tumor cells 
like hepatocellular carcinoma.130

Moreover, the expression of caspase-1 is not equally 
observed in different tumor cells. For example, the expres-
sion of caspase-1 is low in colon, ovarian, and prostate 
cancers.131–133 in these cancers, the deficiency of caspase- 
1 may be contributed for the progression of tumor cell 
growth. This might be due to the effect of caspase-1 over-
expression which induces the initiation of inflammatory 
programmed cell death (pyroptosis) and in turn lowers the 
growth of tumor cells.134 Programmed cell death (PCD) is 
the way of regulatory cell death that controlled by specific 
signaling pathways.135 Of the three PCD (apoptosis, necro-
sis, and pyroptosis), pyroptosis is targeted by the activation 
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of caspase-1.136 Pyroptosis is a type of inflammatory- 
induced PCD commonly induced by the activation of gas-
dermin-D which is a noncanonical target molecule of active 
caspase-1.47,48 Pyroptosis is characterized by a lytic or 
membrane ruptured, pore forming and cell swelling type 
of cell death, which in turn releases inflammatory cytokine 
like IL-1β and IL-18 and may further induce inflammatory 
response.137 In the process, chromatin DNA fragmentation 
and nuclear condensation can also occurr.138 Therefore, we 
can generalize that caspase-1 may contributed to the reduc-
tion of abnormal cell growth through this pathway, and may 
in turn lower tumor cell growth. Moreover, the protective 
role of caspase-1 in tumorigenesis might be due to the 
tissue remodeling effect of IL-18 in the tumor 
microenvironment.132

However, caspase-1 expression and activation of IL-1β 
are frequently observed in melanoma, mesothelioma, and 
gastric cancers, in turn promotes tumorigenesis.139–141 In 
support of this, one study on animal and human breast 
cancer models revealed that activation of IL-1β is highly 
associated with the progression and metastasis of the 
tumor cells. They also reported that the growth of tumor 
cells and their metastasis into lung is significantly reduced 
in inflammasome components deficient in mice compared 
to the wild-type. These authors further revealed that the 
growth of a tumor cell is progressed through inflamma-
some-induced recruitment of myeloid cells such as tumor- 
associated macrophages (TAMs) and myeloid-derived 
suppressor cells (MDSCs).142 But the molecular mechan-
ism of inflammasome-induced myeloid cell recruitment is 
not fully understood. Therefore, caspase-1 may have both 
tumorigenic or antitumorigenic effects on cancer develop-
ment and progression, but it depends on the type of 
inflammasome, methodology, and cancer. For instance, in 
many azoxymethane–dextran sulfate sodium (AOM/DSS)- 
induced cancer models, caspase-1 has a protective role in 
cancer progression. In this model, activation of NLRP3, 
NLRP6 and NLR12 have been shown to suppress tumor 
development, but not in NLRC4.143–145 In addition, cellu-
lar site of caspase-1 activation can also determine its role 
in tumorigenesis; caspase-1 activation in inflammatory 
cells promotes tumorigenesis, while in antigen-presenting 
cells, it suppresses carcinogenesis.139

With the presence of these controversies, we can sum-
marize that the development and progression of inflamma-
some (caspase-1) induced tumorigenesis with five 
subdivisions (Figure 2). (i) Inflammatory induced release of 
ROS and RNS; maturation of IL-1β and IL-18 through 

inflammasome pathway attracts the release of more cyto-
kines and chemokines, which brings cellular damage due to 
inflammatory reaction, then the inflamed tissues release ROS 
and RNS. These molecules are very toxic and may directly 
damage cellular proteins, lipids, carbohydrates, nucleic acid, 
and metabolic intermediates through oxidation or other way 
of reactions with them. Then, there will be a suppression of 
tumor suppressor genes, activation of tumor promoter path-
ways like Akt and beta-catenin signaling, then finally leads to 
replication mistakes and promotion of carcinogenesis.146,147 

(ii) Inflammation-induced genomic instability; chronic 
inflammation in particular associates with the instability of 
genes such as microsatellite instability and shortening of 
telomeres. This favors the development and progression 
of tumorigenesis.148–150 (iii) Inflammation-induced impair-
ment of DNA repair system; the DNA repair systems, such as 
nucleotide excision repair (NER), base excision repair 
(BER), and DNA mismatch repair (MMR) might be 
impaired due to inflammatory-induced overproduction of 
ROS/RNS and genomic instabilities, thereby facilitating the 
process of carcinogenesis.151 (iv) Inflammation induced 
alteration of signaling pathways; as DNA repair mechanism 
fails, there will be an initiation of signaling pathway altera-
tions that are critical to control cell survival, proliferation, 
damage repair and apoptosis. Of the many signaling path-
ways, NF-κB and STAT3 signaling pathway alterations are 
frequently observed in this condition and promotes the pro-
cess of carcinogenesis.152 For example, the activation and 
release of inflammasome induced NF-κB into the nucleus 
stimulates the inflammatory activity of the cell and cell 
survival genes.153 (v) Host defense induced carcinogenesis; 
when the epithelial cells of the host is not intact due to the 
inflammatory reaction or different stimuli, the normal flora 
found in the host becomes pathological and may activate 
carcinogenic-promoting genes like NF-κB pathway, leading 
to the progression of tumorigenesis.154

Physiologic and Pharmacological 
Inhibitors and/or Activators of 
Caspase-1 and Its Associated 
Cytokines, and Their Use as 
Therapeutic Targets in Obesity, 
Diabetes Mellitus, Cardiovascular 
Diseases and Cancers
As discussed earlier, the activation of inflammasome is 
a physiological process initiated by immune cells to 
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prevent the host cells against stimulatory materials. But 
overexpression of inflammasome components may directly 
or indirectly contribute to the pathogenesis of several dis-
eases, including obesity, DM, CVDs, and cancers. 
Therefore, it is expected that the activation of 
inflammasomes is regulated by several mechanisms phy-
siologically. Among these, type-1 interferon (IFN), acti-
vated T cells, post-translational modifications of 
inflammasome components and immunoglobulin G (IgG) 
immune complexes showed a regulatory role of inflamma-
some activation.155–158 An experimental study revealed 
that IFN (IFN-α and IFN-β) inhibits the activation of 
NLRP1 and NLRP3 inflammasomes through the stimula-
tion of IL-10 with a successive activation of signal trans-
ducer and activator of transcription (STAT1 and STAT1) 
and consequently suppresses the activation of caspase-1 
with unclear mechanism.156 Moreover, activated T cells 
can have the ability to inhibit the activation of NLRP1 and 
NLRP3 inflammasomes through cell-to-cell interaction 
that initiated by activated T cell-induced expression of 
TNF-family ligands like RANKL and CD40L.157 One 
study also reported that post-translational modification of 
NLRP3 inflammasome (thiolnitrosylation of NLRP3 via 
the production of nitric oxide) due to the activation of 
IFN-γ by Mycobacterium tuberculosis inhibits the activa-
tion of caspase-1.159 The activation of inflammasome such 
as NLRP3, NLRC4, or AIM2 can also be inhibited by the 
IgG immune complexes formation. Based on the situation 
of stimulants, IgG immune complexes can adjust immune 
responses in either a pro- or anti-inflammatory direction. 
The production of IL-1α and IL-1β are suppressed through 
the ligation of activating Fcγ receptors (FcγR) by IgG 
immune complexes during the priming stage (in response 
to either microbial or endogenous danger signals) of 
inflammasome complex formation.158

Inflammasomes, especially NLRP3 inflammasome, are 
activated by several stimuli and their overexpression is 
highly associated with the development of NCDs. Due to 
this reason, investigating the potential pharmacological 
inhibitors of inflammasomes is becoming a target site to 
control the progression of various NCDs.160 Experimental 
studies in animal models revealed that the pharmacological 
inhibitors of inflammasomes can be targeted by the NLRP 
proteins, upstream signals, components of the inflamma-
some, target substrates of caspase-1 and receptors of the 
IL-1β and IL-18.161–164 The pharmacological inhibitors of 
NLRP3 inflammasome are extensively studied and some are 
specific for it. The specific inhibitors can suppress the 

activation of caspase-1 with NLRP3 inflammasome assem-
bly but not AIM2, NLRP1 and NLRC4 inflammasome 
pathways (Figure 1). As NLRP3 inflammasome is the 
most common cause of NCDs, several in vivo and vitro 
studies have reported that inhibition of NLRP3 inflamma-
some helps to prevent the progression of obesity, DM, 
CVDs, and cancers.98,110,111,165,166 Therefore, from here, 
we summarized the pharmacological inhibitors of NLRP3 
inflammasome into three major categories; (i) direct inhibi-
tors of NLRP3 proteins. These inhibitors are designed to 
direct inhibition of NLRP protein expression, which in turn 
results in the blockage of NLRP3-NLRP3, NLRP3-NEK7 
and NLRP3-ASC interaction (blockade of its ATPase activ-
ity) and activation of the inflammasome. Some these inhi-
bitors are 3,4-methylenedioxy-b-nitrostyrene (MNS),161 

OLT1177,162 MCC950,167 CY-09,163 oridonin168 and 
tranilast.163 (ii) Indirect inhibitors of the NLRP3 inflamma-
some. These inhibitors are indirectly blocking the activation 
of inflammasomes by targeting the P2X7 receptor, K+ 
efflux or the conformational changes of the NLRP3. 
Among these inhibitors, the most studied are glyburide,98 

JC124,169 16673–34-0164 and FC11A-2.170 (iii) Inhibitors 
targeting the NLRP3 inflammasome components. Although 
all the target components of inflammasome is not clearly 
addressed, in vivo and vitro studies have reported that some 
inhibitors can be blocked the activity of caspase-1 by cova-
lent modification of active caspase-1. Then, the target sub-
strates of caspase-1 will not be activated. Other inhibitors 
can also suppress the NF-kB pathway via the inhibition of 
kinase activity of IKKβ. Some of the inhibitors targeting the 
inflammasome components are VX-740 (Pralnacasan) and 
its analog VX-765,171 parthenolide,172 β-Hydroxybutyrate 
(BHB)172 and Bay 11-7082.172

Collectively, inflammasome-induced activation of 
proinflammatory cytokines, gasdermin-D, and noncanoni-
cal target substrates are directly or indirectly associated 
with the development and progression of several NCDs, 
including obesity, DM, CVDs, and cancers. However, the 
studies have not shown similar results; some of them are 
opposite and controversial. Besides, the therapeutic effect 
of inflammasome inhibition is not equally contributed for 
the prevention of NCDs. Moreover, exact molecular 
mechanisms of inflammasome inhibition for some inhibi-
tors are not clearly addressed yet.

Conclusion and Future Perspective
Activation of caspase-1 and inflammasome initially aims 
to regulate the immune cells to control the external and 
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internal stimuli. If there is a failure to control the process, 
it may lead to inflammatory-induced secretion of other 
cytokines, chemokines, and other signaling pathways, 
which may further disturb the immune response against 
the insults. Although the effect of caspase-1 in different 
inflammatory-induced NCDs is distinct, inflammasome 
gives a new stand to look at the ambiguities of inflamma-
tion-associated chronic metabolic disorders, such as obe-
sity, DM, CVDs, and cancer development. Therefore, to 
the extent of the current findings, we can generalize that 
caspase-1 may have both negative and positive effects on 
the initiation and progression of several NCDs which 
depends on several conditions. Furthermore, caspase-1 
can control the occurrence of these diseases through the 
maturation of immune cells such as IL-18 or the regulation 
of inflammatory programmed cell death (pyroptosis) by 
activating gasdermin-D. On the contrary, caspase-1 can 
directly manipulate the expression of some protein/genes, 
such as SIRT-1, NF-Kβ and in turn disturbs the physiolo-
gical activity of the cells, which further leads to the igni-
tion of metabolic disorders. In this regard, we believed that 
this huge study variation will be extensively explored in 
the near future and achieve similar conclusions.
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