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Inflammasomes are large intracellular multiprotein complexes, which constitute a novel part of the innate immune
system. In response to danger signals from pathogens or other harmful agents, inflammasomes assemble resulting
in production of the inflammatory cytokines. We discuss recent knowledge of the role of deregulated inflammasome
activity in skin pathologies such as autoinflammatory diseases as well as common skin diseases such as psoriasis
and atopic dermatitis. We also present an insight into the activation and effector mechanisms of inflammasomes in
skin carcinogenesis. The complex influence of inflammasome on cutaneous disorders raises new challenges and op-

portunities for the treatment of skin diseases.
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Introduction

The skin is the largest organ of the human body,
which constitutes the first and main barrier protecting
the organism against invasion from pathogens, microbes
and stress factors such as ultraviolet radiation (UVR) [1].
Keratinocytes (the main type of cells in the epidermis),
in addition to their mechanical barrier function, are im-
munologically active, responding to injuries and danger
signals by secreting proinflammatory cytokines.

Integrity and homeostasis of the skin may be main-
tained thanks to adequate defence mechanisms that
include the epidermal barrier and appropriate innate im-
mune responses. The inflammasome is a novel important
part of the innate immune system originally reported as
a molecular platform triggering inflammation in August
2002 [2]. Although the inflammation process is neces-
sary for the clearance of harmful pathogens, its exces-
sive extent could cause damage to healthy tissue [3].
Hence, since the discovery of inflammasomes, its role in
maintaining an optimal balance of the host response to
pathogens or stress factors in various diseases has been
thoroughly analysed.

In this review, we present the role of inflammasome
and its effector pathways in the pathogenesis of various
types of skin diseases. The first part of the article pro-
vides basic data about inflammasomes. Subsequently,

we discuss the main dermatological diseases in asso-
ciation with the role of inflammasomes. Then, we dem-
onstrate inflammasomes as a skin tumour-promoting
structure, despite its protective role in the development
of different tumours such as colon cancer.

Inflammasomes: basic information

The inflammasome is a multicomponent cytosolic
protein complex, which plays a crucial role in innate im-
munity by its specific functions to induce maturation of
inflammatory cytokines such as interleukin 1 (IL-1B) and
interleukin 18 (IL-18) in response to pathogens, infection
or other autogenous danger signals. Classically, inflam-
masome complexes are composed of three constant ele-
ments: a molecular pattern recognition receptor (PRR),
an apoptosis-associated speck-like protein containing
a caspase recruitment domain (ASC) and a caspase-1
enzyme [2, 4]. Among the PRRs we can distinguish NOD-
like receptors (NLRs) that recognize and interact with
pathogen-associated molecular patterns (PAMPs) and
endogenous ligands or damage-associated molecular
patterns (DAMPs) derived from normal tissues as well
as tumour cells to induce autoimmune diseases or an
antitumor response [5, 6].
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So far, many proteins which belong to the NLR fam-
ily such as NLRP1, NLRP2, NLRP3, NLRP6, NLRP7, NLRP12,
NLRC4, and AIM2 (absent in melanoma-2) have been
reported to initiate assembling the formation of an in-
flammasome and in recent years have attracted a lot
of attention [7]. The NLRP3 inflammasome is one of the
best characterized and the most investigated complexes,
which is formed by the NLR, ASC adapter protein and the
effector molecule pro-caspase-1[7]. Activation of inflam-
masomes and production of mature or active IL-1B and
IL-18 are thought to require two sequential signals. The
first stimulus is initiated by exogenous or endogenous
molecules, which induce the expression of pro-IL-1B pro-
teins and proforms of IL-18, while the second is triggered
by very diverse activating stimuli, leading to the caspase-
1-dependent conversion of pro-IL-1B to mature IL-1B [8].
Upon stimulation with diverse endogenous or exogenous
signals NLRP proteins interact with ASC and caspase-1
and undergo oligomerization creating huge protein com-
plexes. Inflammasome assembly leads to self-cleavage of
pro-caspase-1to an active form of caspase-1 enzyme and
initiates processing of pro-IL-1 and pro-IL-18 into their
mature and bioactive forms. This process induces several
biological effects related to infection, inflammation and
autoimmune responses [7]. Figure 1 presents an NLRP3
inflammasome assembly and activation.

In addition to the NLR-containing inflammasomes,
AIM2 also assembles an inflammasome within a combi-
nation of ASC and caspase-1 to induce the production of

proinflammatory cytokines IL-1B and IL-18 [9, 10]. Gen-
erally, various types of inflammasomes, except NLRP3,
are characterized by defined stimuli and by models of
activation patterns from pathogens. Therefore, the NLR
proteins such as NLRP1, NLRP4, and NLRP6 and AIM2 as-
semble this complex in a stimulus-specific manner [11].

NLRP1 is currently thought to respond to muramy!
dipeptide, and Bacillus anthracis lethal toxin [12]. In
turn, AIM2 is regarded as a cytosolic DNA sensor, which
forms an inflammasome in response to bacterial DNA,
viral DNA as well as endogenous DNA released during
cellular damage. In view of its specific potential to rec-
ognize host DNA, AIM2 activation may predispose to the
development of autoimmune diseases such as psoriasis,
arthritis or systemic lupus erythematosus [13, 14].

In contrast to the previously described inflamma-
somes the NLRP3 inflammasome can be activated in
response to a broad spectrum of both exogenous (such
as metabolic dysregulation, tissue damage, infection)
[15] and endogenous molecules such as extracellular
adenosine triphosphate (ATP), lipopolysaccharide (LPS),
amyloid B fibrils, hyaluronan, and uric acid crystals [16].
Interestingly, many studies proved that inflammasome
NLRP3 signalling is activated in response to various in-
fection pathogens including bacteria such as S. aureus,
Neisseria gonorrhoeae, Escherichia coli, Vibrio cholera,
and Chlamydia pneumoniae as well as the fungal, viral
and parasites [17-19]. It seems improbable that many
NLRP3 inflammasome activators can bind to the NLRP3
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NACHT - nucleotide-binding and oligomerization domain, CARD — caspase recruitment domain, LRR — leucine rich repeat domain,
PYD — pyrin domain, NLRP3 — NOD-like receptor pyrin domain-containing protein 3.

Figure 1. NLRP3 inflammasome assembly and activation. Upon activation, the NLRP3 protein interacts with adaptor pro-
tein ASC via the PYD domain and the CARD domain of ASC recruits the CARD domain of pro-caspase-1. The active complex
of NLRP3-ASC—pro-caspase-1 is also named NLRP3 inflammasome. Finally, caspase-1 leads to activation via proteolytic

cleavage of pro-IL-1B causing maturing of IL-1B
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structure to form the NLRP3 inflammasome complex.
This suggests that microbes indirectly activate this com-
plex by other DAMPS that are released or produced as
a consequence of cellular or tissue injury elicited by tox-
ins of the infectious agent [13]. Although, activation of
NLRP3 remains still unclear, three underlying molecular
mechanisms have been formulated such as: the K+ ef-
flux, signalling accompanied by the generation of reac-
tive oxygen species (ROS) and the third model depends
on the rupture of lysosome [20].

Although scientific data support that the aberrant
and uncontrolled activation of the inflammasomes is
a risk factor for autoimmune, autoinflammatory and
metabolic diseases, currently we have very limited know!-
edge of the intricate mechanisms responsible for this cy-
toplasmic complexes’ activation and modulation during
diseases and their therapies.

Autoinflammatory diseases associated with skin
symptoms

Autoinflammatory diseases constitute a group of rare
hereditary syndromes characterized by exacerbated re-
sponses of the innate immune system with usually insidi-
ous onset. Autoinflammatory disorders are characterized
by systemic inflammation as well as clinical and labo-
ratory features. The features observed in infectious and
autoimmune diseases with specific tissue involvement
including skin, joints, conjunctiva, as well as typical fea-
tures of allergic diseases such as responses to external
stimuli (cold exposure). The patients with autoinflamma-
tory disorders demonstrate no evidence of pathogenic
infection, and no indication of self-directed autoantibody,
antigen specific T cell or IgE mediated inflammation. This
is a group of diseases that pathomechanism explains by
disturbances in activating inflammasomes.

Most autoinflammatory diseases begin in childhood,
even in infancy, rarely patients report the first symp-
toms in adulthood. A common feature of autoinflamma-
tory diseases is recurrent symptoms such as fever. This
group includes: cryopyrin-associated periodic syndrome
(CAPS), PAPA syndrome (pyogenic arthritis, pyoderma,
gangrenosum, acne), familial Mediterranean fever (FMF),
Schnitzler syndrome, hyper-lgD syndrome (HIDS) and
deficiency of IL-1 receptor antagonist (DIRA) [1]. Table 1
presents the most important information about autoin-
flammatory diseases that cause skin lesions in which in-
flammasomes are involved with highlighted mutations in
genes that code for inflammasome component proteins
and proteins that interact with the inflammasome.

Cryopyrin-associated periodic syndrome

The cryopyrin-associated periodic syndrome is
a rare hereditary inflammatory disorder comprising
three phenotype entities: familial cold autoinflamma-
tory syndrome (FCAS), Muckle-Wells syndrome (MWS),
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and neonatal-onset multisystem inflammatory disease
(NOMID). It is characterized by periodic fever associated
with urticaria-like skin lesions [21-26].

CAPS results from a gain-of-function mutation of
the NLRP3 gene (also known as CIASI), which is located
on chromosome 1q44, which leads to overproduction of
interleukin-1B by macrophages, monocytes, and chondro-
cytes, resulting in inflammatory symptoms seen in CAPS
[21]. Although each of these three entities proceeds in
a specific manner, their symptoms may overlap. Clinical
signs common to all three entities are urticaria, recurrent
fever and pain or arthritis. FCAS is the mildest form of
the spectrum while the most serious symptoms are con-
nected with NOMID [21-26].

FCAS (previously called familial cold urticaria) repre-
sents the mildest phenotype characterized by recurrent
urticaria, arthralgia, and fever, which tend to be less than
of 12 h’ duration and usually is connected to a general
exposure to low ambient temperatures. Interestingly, lim-
ited exposure to ice does not trigger the lesions, which
separates it from other syndromes that occur with urti-
caria and non-familial cold lesions. The exact mechanism
through which the cold triggers the skin lesions is still
unknown.

MWS is the intermediate phenotype of CAPS and
presents with the same symptoms as FCAS, apart from
the cold inflammation, which can be triggered by stress,
exercise or even without clear provocation. Additionally,
MWS can be associated with renal amyloidosis and sen-
sorineural hearing loss during adolescence. Skin symp-
toms in MWS may last longer than 12 h.

The clinical symptoms in NOMID are usually more se-
verely expressed and more constant than those present-
ed in FCAS or MWS. Skin rash, fever and malaise persist
almost constantly. In addition, destructive arthritis devel-
ops often with massive and rapid hypertrophy of carti-
lage progressive ossification (especially patella). Another
problem is the intense central nervous system changes:
chronic aseptic meningitis, deafness, optic nerve atrophy
and macular oedema, choroiditis and mental retardation.
Some patients have facial dysmorphic manifestations:
macrocephaly, prominent frontal tumours and flattened
nose tip [22, 24, 25]. Because cryopyrin is also expressed
in human chondrocytes, its increased secretion in NOMID
results in arthropathy [27, 28].

The discovery of mutations in the NLRP3 gene and ex-
cessive expression of IL-1 are the key factors in the patho-
genesis of CAPS. The beneficial effects of usage of IL-1
antagonists in CAPS have been recently demonstrated.
Anakinra is a recombinant human IL-1 receptor antago-
nist blocking the inflammatory effects of IL-1, which has
revolutionized the treatment of CAPS [29]. Canakinumab
—a human monoclonal anti-IL-1B antibody and rilonacept
—adimeric fusion protein, are other registered therapeu-
tic options in CAPS treatment.
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Table 1. Autoinflammatory diseases that cause skin lesions
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FCAS CIAS1/  AD Under6 <24h/cold Fever, chills, urticaria-  Maculopapular or urticarial, usually IL-1 antagonists:
cryopyrin/ y.O. induced like rash, severe joint ~ not pruriginous, lesions that may Anakinra
NLRP3 symptoms pain, conjunctivitis be painful Rilonacept
Canakinumab
MWS CIAS1/ AD Upto6 24-48 h/ Periodic weakness, Generalized, non-itching urticaria  IL-1 antagonists:
cryopyrin/ y.0. frequent, severe pain in the Anakinra
NLRP3 sometimes limbs, rash, hives Rilonacept
almost similar, hearing loss, Canakinumab
permanent amyloidosis
NOMID CIAS1/ AD Upto6 Constantly Fever, urticaria-like rash, Maculopapular or urticarial lesions IL-1 antagonists:
cryopyrin/ y.0. destructive arthropathy, Anakinra
NLRP3 chronic meningitis, Canakinumab
hearing loss, optic
neuritis
FMF MEFV/ AR Under10 1-3 days/ Fever, peritonitis, Skin lesions appear in up to 43% of  IL-1 antagonists:
pyrin y.0. every 4-8 rosacea-like rash, the cases; Colchicine
weeks inflammation of classical manifestation is erysipeloid ~ Thalidomide
individual joints, erythema with well-defined
amyloidosis erythematous-oedematous plagues,
frequently on legs and feet;
pruriginous, urticarial lesions or
palmoplantar erythema may also
occur
HIDS MVK/ AR 6 months 4-7 days/ Fever, abdominal Erythematous maculopapular rash, NSAIDs
mevalonate (median) every 4-6 pain, diarrhoea, less commonly nodular rash Corticosteroids
kinase weeks maculopapular rash, Receptor
swollen cervical lymph antagonists
nodes, sometimes Leukotriene
ulceration IL-1 antagonists
DIRA IL-1IRN AR Present Constantly Perinatal-onset Perinatal-onset pustular dermatitis  IL-1 antagonists:
gene/ at birth pustular dermatitis,  Other reported skin changes included: Anakinra
IL-IRA joint swelling, painful  generalised ichthyosis-like changes;

osteolytic lesions, and nail changes — pitting, separation of nail

periostitis without
fever

from nail bed; mouth ulcers; in 1 case —
pyoderma gangrenosum

AD — autosomal dominant, AR — autosomal recessive, NSAIDs — nonsteroidal anti-inflammatory drugs, FMF — familial Mediterranean fever, HIDS — hyper-lgD
syndrome, DIRA — deficiency of IL-1 receptor antagonist, FCAS — familial cold autoinflammatory syndrome, MWS — Muckle-Wells syndrome, NOMID — neonatal-
onset multisystem inflammatory disease, CIASI1 — cold-induced autoinflammatory syndrome 1 gene, NLRP3 — NOD, leucine-rich repeat and pyrin domain contain-
ing protein 3, MEFV — Mediterranean fever gene, MVK — Mevalonate kinase gene, IL-IRN — gene coding interleukin 1 receptor antagonist, IL-IRA - interleukin

1 receptor antagonist.

Familial Mediterranean fever

Familial Mediterranean fever (FMF) is the most com-
mon autoinflammatory disease that is inherited as a re-
cessive trait. The FMF conditioning mutation gene (MEFV)
is located on the short arm of chromosome 16p and is
responsible for the synthesis of altered pyrins, leading
to the defective inhibition of NLRP3, increased apoptosis
and IL-1B transformations [24, 25]. In 80% of patients,
the first symptoms occur before the age of 10. The char-
acteristic episodes of high fever, usually exceeding 38.5°C
occur most often for 3 days in a row accompanied by
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serositis and synovitis. Skin involvement is not very com-
mon and is present in 14-43% of cases [24, 25]. Symp-
toms disappear spontaneously and patients feel healthy
between the episodes.

Psoriasis

Currently, psoriasis is perceived as a systemic, inflam-
matory skin disease that fits the characteristics of an
autoinflammatory profile where the innate and adaptive
immune responses are activated [30]. The presence of
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neutrophils in skin lesions and the activation of the in-
nate immune response are typical for both psoriasis and
other autoinflammatory diseases. Moreover, IL-1f and
IL-18 play a central role in the pathogenesis of many
inflammatory skin diseases, including psoriasis. It was
shown that polymorphisms of NLRP1, NLRP3, and CARDS,
as well as negative regulators of caspase-1 activation
are connected to the susceptibility to the development
of psoriasis [31, 32]. As abundant cytosolic DNA and in-
creased AIM2 expression were detected in keratinocytes
in psoriatic lesions but not in healthy skin, recently it was
shown that cytosolic DNA can activate inflammasomes
containing the DNA sensor AIM2 [33]. It was also revealed
that caspase-1 expresses greater activity in psoriatic le-
sions when compared to non-lesional skin [34]. Greater
expression of caspase-5 in skin lesions in comparison to
healthy skin was also reported [35].

Atopic dermatitis

Keratinocytes produce both pro-IL-1f [36] and pro-
IL-18 [37], however under normal skin conditions, en-
dogenous caspase-1 activity is lacking. In the transgenic
mouse model, in which cutaneous epidermal cells, under
specific pathogen-free conditions secreted an excess of
IL-18, animals spontaneously developed atopic derma-
titis-like skin lesions, while deletion of IL-18 protected
against the development of skin eruptions [38].

Niebuhr et al. [39] noted that skin of patients with
atopic dermatitis (AD) as well as patients who suffer
from psoriasis is frequently colonized with Staphylococ-
cus aureus (S. aureus), however only patients with AD
suffer from bacterial superinfections with this pathogen.
NLRP3 links staphylococcal a-toxin to caspase-1 activa-
tion through the formation of inflammasome leading
consecutively to IL-1B secretion [40]. The authors showed
that NLRP3 and caspase-1 expressions were reduced in
patients with AD compared to psoriatic and healthy skin.
Also, ASC protein was downregulated in AD lesions,
whereas in normal human keratinocytes upregulation of
NLRP3 was observed. Recently, it has been shown that
herpes simplex virus 1 (HSV-1) also induces activation
of the NLRP3 inflammasome and releases IL-1f [41]. Pa-
tients with AD often suffer from eczema herpeticatum
—a widespread infection caused by HSV-1, which could
suggest that the mechanism underlying HSV-1 infection
is an attenuated IL-1B response.

Interestingly, Bivik et al. [42] evaluated NLRP1, NLRP3,
and CARDS single nucleotide polymorphisms. Surprisingly,
no association between atopic dermatitis and NLRP3 or
CARD8 was found. The correlation between NLRP1 and AD
was statistically significant in the case-control study, but
not in the familial case study. This may suggest that NLRP1
plays only a modest role in AD and it might be only one
of many risk factors for the development of this disease.

Advances in Dermatology and Allergology 1, February/2022

Lupus erythematous

Systemic lupus erythematosus (SLE) is a chronic
disease that causes inflammation in connective tissue,
with frequent skin symptoms of an erythematous rash
across the cheeks and bridge of the nose, so called but-
terfly rash. The cutaneous signs of the disease appear
or worsen when exposed to sunlight. The correlation
between the inflammasome and the systemic lupus ery-
thematosus has been analysed recently. Keratinocytes
from patients with cutaneous lupus showed an increased
expression of IL-18 [43, 44]. Wen et al. [45] proved that
IL-18 polymorphism was associated with a high risk of
SLE development. In contrast, the role of IL-1f in cutane-
ous lupus is still unclear. A few studies found a relation-
ship between IL-1B polymorphism and SLE that develops
in childhood and adolescence [46], but it was not con-
firmed by other authors [47]. Considering that UVB ra-
diation could stimulate the synthesis of IL-B in keratino-
cytes, it is highly probable that inflammasomes may have
an impact on photosensitivity often associated with SLE.

Vitiligo

Vitiligo is an autoimmune disease characterized by
skin depigmentation caused by destruction of epidermal
melanocytes during an innate immune response induced
by reactive oxygen species. Polymorphisms of NLRP1 are
observed in patients with vitiligo and its increased ex-
pression was detected at the edge of the lesional skin. Jin
et al. [48] showed that variants of NALP1 were related to
vulnerability to autoimmune and autoinflammatory dis-
eases and their presence was connected with a higher
risk of development of generalized vitiligo. Moreover,
some authors [49] assessed the presence and intensity
of NLRP1 expression in vitiligo lesional and perilesional
skin to evaluate possible correlations between NLRP1 and
IL-1B expression, lymphocytic infiltrates and disease activ-
ity. They suggested that the NLRP1 inflammasome expres-
sion could be a useful test for assessing disease activity.

Acne, hidradenitis suppurativa, rosacea

The role of the inflammasome in hidradenitis sup-
purativa, acne and rosacea has also been investigated.
Enhanced expression of NLRP3, caspase-1 and IL-1p was
found in all of the above diseases. Kistowska et al. [50]
showed that Propionibacterium acnes (present in acne)
stimulates the activation of NLRP3 leading to IL-1B secre-
tion. In the study conducted by Casas et al. [51], it was
found that rosacea was associated with elevated Demo-
dex folliculorum density and an increase in skin inflam-
mation markers. Moreover, the authors suggested that
IL-18 and ASC adaptor underexpression, in patients with
rosacea, might be responsible for the loss of microbial
homoeostasis [51].
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Inflammasomes and skin cancer

Although numerous studies demonstrated that the
inflammasomes play a crucial role in dermatological au-
toinflammatory diseases, their role in skin tumour pro-
gression remains still elusive. Arising evidence indicate
that chronic inflammation is an important factor at all
stages of carcinogenesis, including initiation, growth, in-
vasion and metastases [52, 53]. Despite multiple studies
showing that inflammasome and its components provide
protection against the development of e.g. colon cancer
[54], recent studies indicate that inflammasomes may
promote tumour progression in the skin cancer [55].

Until now, most studies have been carried out on
mice. Drexler et al. [56] showed that IL-1R- and caspase-
1-deficient mice relatively rarely develop skin tumours
induced by dimethylbenzanthracene (DMBA) and tet-
radecanoylphorbol acetate (TPA) compared to wild-type
mice. Furthermore, the same authors examined the role
of ASC protein in skin carcinogenesis. They revealed that
mice with knockout of ASC molecules in myeloid cells are
protected from developing DMBA/TPA-induced skin can-
cer. Surprisingly, the ablation of ASC in keratinocytes in
a mice model caused the development of more tumours
compared with wild-type controls. It suggests the dual
role of ASC in skin carcinogenesis, as a tumour promoter
in myeloid cells and a tumour suppressor in keratino-
cytes [56]. The authors also revealed loss of expression
of ASC protein in human cutaneous squamous cell car-
cinoma (SCQ).

In an independent study conducted in a mice model
with induced SCC, Gasparoto et al. [57] found that the
presence of the ASC and caspase-1 played a protective
role against tumour development and progression [57].
On the other hand, it is well known that ultraviolet radia-
tion, which is the main factor in the development of SCC,
triggers the secretion of IL-1B dependent on activation of
inflammasomes in keratinocytes [58]. According to San-
chez et al. [26], ASC protein has a dual role in human
cell strains of primary and metastatic melanomas. In the
early stage of melanomas, the ASC is a tumorigenesis in-
hibitor, while the same protein in metastatic melanomas
could promote tumour progression [26].

Evaluating the human melanoma cells of advanced
and intermediate stages of cancer, Okamoto et al. [59]
showed that late stage human melanoma cell lines syn-
thesized and secreted IL-1B through activated NLRP3
inflammasome without the need for exogenous stimula-
tion. This is in contrast to melanomas in the early stages,
where stimulation of IL-1R is needed to induce the pro-
duction of IL-1B [59]. Previous reports showed that IL-1B
is involved in tumour invasion and angiogenesis and that
IL-1B synthesis is modulated by both NLRP1 and NLRP3
inflammasomes. Verma et al. [60] investigated the re-
lationship between NLRP1 and NLRP3 polymorphisms
and susceptibility to the development of melanoma and
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found a strong link between nodular melanoma and the
NLRP1 variant [60].

Activation of inflammasomes is associated not only
with the action of IL-1f but also with the increase in the
secretion of other pro-inflammatory cytokines such as IL-
18, and secretion disorders of many caspases involved in
the activation of cell apoptosis signals. Increasing atten-
tion is paid to the role of inflammasomes in the process
of complex mechanisms of pyroptosis activation. Includ-
ing these issues in the manuscript would involve a com-
prehensive description of the detailed mechanisms of
activation of many canonical and non-canonical inflam-
masome pathways, which may be an interesting topic
for another review.

Summary

The understanding of the inflammasome activation
mechanism and its role in caspase-1 activation in a highly
regulated manner is the first step in our understanding
of innate immune processes. Still many important ques-
tions remain unanswered, including how an organism
decides which inflammasome should be activated in
specific conditions or under the influence of certain en-
vironmental factors and how this multitude of cytosolic
protein complex signalling is intertwined with other im-
mune pathways. Undoubtedly, the complex role of the in-
flammasome in cutaneous diseases raises new challeng-
es and opportunities for the treatment of skin diseases.
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