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ABSTRACT

The review considers the molecular structure of inflammasomes, routes of inflammasome activation, appropriate 
downstream effects, and their association with autoinflammatory, autoimmune, neurodegenerative, and allergic 
diseases and malignancies with a focus on the involvement of the skin in these pathologies. Inflammasome 
activation is interpreted as an early pathophysiological event before the onset of inflammation, and, especially, 
if inflammasome dysregulation occurs. All research aspects related to the NLRP3 inflammasome are described in 
detail. The review also considers promising directions for therapeutic interventions in NLRP3-associated diseases. 
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РЕЗЮМЕ

В обзоре рассмотрены молекулярная структура, последовательность, пути активации инфламмасом, ва-
рианты нисходящих эффектов и их связь с аутовоспалительными, аутоиммунными, нейродегенеративны-
ми, аллергическими и злокачественными патологиями, с фокусом на вовлечение кожи в патологический 
процесс. Дана интерпретация инфламмасом как раннего патофизиологического события перед началом 
воспалительного процесса и возможные варианты нарушения регуляции их функционирования. Более под-
робно описаны все аспекты исследований, относящихся к инфламмасоме NLRP3. Приведены данные по 
имеющимся и перспективным направлениям терапевтических интервенций при NLRP3-ассоциированных 
болезнях. 

Ключевые слова: инфламмасома, NLRP3, AIM2, миелоидные клетки, кератиноциты, паттерн-распознаю-
щие рецепторы, сигнальная трансдукция, каспазы, IL-1β, IL-18, IL-33, пироптоз, старение клетки в связи с 
воспалением, кожные болезни
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INTRODUCTION

The skin is the largest barrier organ of the body 
in the face of environmental microbes, allergens, and 
multiple dangerous chemical and physical factors [1, 
2]. The skin consists of epidermis and dermis, where-
as the epidermis is subdivided into cornified, granular, 
spinous, clear, and basal layers. Some researchers do 
not differentiate stratum lucidum (a clear layer) as a 
separate layer of the epidermis. Many skin cells, in-
cluding keratinocytes, Langerhans cells, intraepithelial 
CD8αα+ T lymphocytes, NK cells, innate lymphoid 
cells (ILC), macrophages, mast cells, eosinophils, neu-
trophils, and memory T cells, are related to the immune 
system and, in fact, represent its secondary organ [2, 3]. 

Most of them express pattern recognition recep-
tors, such as Toll-like receptors (TLRs), NOD-like 
receptors (NLRs), RIG-I-like receptors (RLRs), and 
AIM2-like receptors (ALRs), to sense pathogen-as-
sociated molecular patterns (PAMPs), damage-as-
sociated molecular patterns (DAMPs) [1, 4], and 

allergens [5]. Keratinocytes undergo differentiation 
during keratinization, which is an essential innate im-
munity mechanism. Lymphocytes (90%) along with 
some other cells (10%) are structured in the skin-as-
sociated lymphoid tissue (SALT). The skin also con-
tains melanocytes and fibroblasts [3]. Inflamed skin 
contains a variety of cells (Fig. 1)., including many 
cells of the immune system. Keratinocytes, dendritic 
cells, neutrophils, macrophages, and fibroblasts can 
serve as container cells for inflammasomes. A new 
transcriptomic technology, single-cell RNA sequenc-
ing, described skin cell landscape in some skin dis-
eases [6, 7].

The inflammasome is an early phenomenon of 
inflammation under a harmful effect and refers to in-
nate immunity mechanisms. Structurally, any inflam-
masome represents a high-molecular-weight protein 
complex located in the cytosol and containing pattern 
recognition receptors, signaling molecules (includ-
ing ASC Speck [8, 9]), enzymes (including caspases 
[10]), and other components [1, 2, 11].
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Fig.1. Cells of the inflamed skin: SALT – skin-associated lymphoid tissue, LC – Langerhans cell, CD8αα – γδT cell with CD8αα+ 
phenotype, ILC – innate lymphoid cell, MC – mast cell, N – neutrophil, Me – melanocyte, M – macrophage, Fb – fibroblast, E – 

eosinophil, DC – dendritic cell
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Fig.1. Cells of the inflamed skin: SALT – skin-associated lymphoid tissue, LC – Langerhans cell, CD8αα 
– γδT cell with CD8αα+ phenotype, ILC – innate lymphoid cell, MC – mast cell, N – neutrophil, Me –
melanocyte, M – macrophage, Fb – fibroblast, E – eosinophil, DC – dendritic cell

The inflammasome is an early phenomenon of inflammation under a harmful effect and refers to 

innate immunity mechanisms. Structurally, any inflammasome represents a high-molecular-

weight protein complex located in the cytosol and containing pattern recognition receptors,

signaling molecules (including ASC Speck [8, 9]), enzymes (including caspases [10]), and other 

components [1, 2, 11].

Inflammasome structure, activation, functioning, and regulation

INFLAMMASOME STRUCTURE, 
ACTIVATION, FUNCTIONING,  
AND REGULATION

The inflammasome was first described in 2002 by 
F. Martinon et al. [12]. Nowadays, about twenty dif-
ferent inflammasomes (NLRP1-NLRP14, NLCR4/
NAIP, AIM2, IFI16, CARD8, and PYRIN) have 
been identified [4, 11]. Their components belong to 
different families (NLR, ALR, and PYRIN), which 
recognize different molecular patterns. For example, 
the NLR family is subdivided into five subfamilies 
(NLRA, NLRB, NLRC, NLRP, and NLRX) and has 
up to 23 members in total [4, 13]. In the skin, myeloid 
cells, keratinocytes, and fibroblasts can serve as main 
container cells for inflammasomes [4, 14]. Over the 
past 20 years, inflammasomes in myeloid cells have 
been characterized in detail, however, inflammasomes 
contained in non-myeloid cells, such as keratinocytes 
and fibroblasts, have been described to a lesser extent.

The functioning of inflammasomes implies a down-
stream effect, such as development of inflammation 
due to proinflammatory cytokines with or without cell 
death. For this, an inflammasome has to be activated 
and assembled. Inflammasome activation proceeds in 
four key steps [1]: 

(1) priming – expression of the main inflammasome 
components and inactive cytokine forms after molec-
ular pattern recognition by TLRs; 

(2) sensing or recognition of additional activation 
signals by NLRs or other pattern recognition receptors 
in the cytosol; 

(3) oligomerization – assembly of the inflam-
masome as a high molecular mass multimeric com-
plex; 

(4) final activation of caspases that results in cyto-
kine secretion through membrane pores and promo-
tion of pyroptosis and possible different types of cell 
death [15–17]. 

Depending on the activation route, all inflam-
masomes are divided into canonical and non-canon-
ical [2, 18–20]. Canonical activation of the LRP3 
inflammasome is implemented by two consecutive 
signal groups. Initially, the first group of impulses go 
from PAMP / TLR or DAMP / TLR couples and in-
terleukin (IL)-1β, TNF /their receptor couples, which 
leads to expression of genes encoding inactive pro-
IL-1β, pro-IL-18, pro-IL-33, and components of a fu-
ture inflammasome. After that, the second activation 
signals arise from many sources and lead to the in-
flammasome assembly when caspases like caspase-1 
enzymatically activate immature forms of IL-1β, IL-
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18, and IL-33 before their secretion [11, 20, 21] and 
promote a cell death mechanism like pyroptosis [18]. 
A non-canonical activation route is mediated by direct 
binding of PAMP or DAMP to caspase-4 or caspase-5 
[11, 18, 22]. Unfortunately, descriptions of signaling 
pathways made by various researchers are quite con-
troversial.

In canonical activation, PAMP and DAMP mo-
lecular patterns are recognized by TLRs expressed on 
the cell surfaces or located in endosomes. Next, TLR 
signaling is triggered which involves adaptor proteins 
MyD88 and TRIF. Also, external cytokines TNF and 
IL-1 are sensed by appropriate cytokine receptors to 
take part in the same pathway. After that, transcription 
factors AP-1, NF-κB, and IRF-3 stimulate expression 
of genes encoding components related to a future in-

flammasome and its proinflammatory cytokines [1, 3, 
18, 23]. 

So, the first step (priming) is over. As a result of the 
next steps, some upstream signaling events occur, in-
cluding K+ efflux, Ca++ influx, Cl- efflux, lysosomal dis-
ruption, mitochondrion-derived reactive oxygen species 
(ROS) generation, and release of oxidized mitochondrial 
DNA. During oligomerization, the NLRP inflammasome 
is assembled as a high molecular weight complex. In the 
fourth step, the formed NLRP inflammasome activates 
caspase-1 to cleave pro-IL-1β, pro-IL-18, and pro- IL-
33, as well as a pore-forming protein gasdermin D that 
promotes pyroptosis and leads to membrane pore forma-
tion. Through the pores, cytokines are released outside 
[14, 18, 21].  More information about the canonical acti-
vation route is presented in Fig. 2. 

4
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Fig. 2. The canonical inflammasome activation route on the example of NLRP3: TLR – Toll-like 
receptor, LPS – lipopolysaccharide, MyD88, TRIF, ASC – adaptor proteins, AP-1, NF-κB, IRF-3
– transcription factors, LRR, NACHT, PYD – NLRP3 domains, IL-1β, – interleukin-1β,, IL-18 –
interleukin-18, IL-33 – interleukin-33, ROS – reactive oxygen species

Priming, sensing, oligomerization, and final activation are the four steps of the canonical NLRP3 
inflammasome activation route. After PAMPs and DAMPs are recognized by TLRs expressed on 
a container cell, the cell generates immature forms of IL-1β, IL-18, and IL-33, and inactive 
components of the NLRP3 complex. The NLRP3 complex consists of 1) leucine-rich repeats
(LRRs), 2) central NACHT domain, 3) pyrin domain (PYD), 4) apoptosis-associated speck-like 
(ASC) protein, and 5) pro-caspase-1. The NLRP3 complex is committed to sense signals, including

Fig. 2. The canonical inflammasome activation route on the example of NLRP3: TLR – Toll-like receptor, LPS – lipopolysaccharide, 
MyD88, TRIF, ASC – adaptor proteins, AP-1, NF-κB, IRF-3 – transcription factors, LRR, NACHT, PYD – NLRP3 domains, IL-1β, 

– interleukin-1β,, IL-18 – interleukin-18, IL-33 – interleukin-33, ROS – reactive oxygen species

Priming, sensing, oligomerization, and final ac-
tivation are the four steps of the canonical NLRP3 
inflammasome activation route. After PAMPs and 
DAMPs are recognized by TLRs expressed on a 
container cell, the cell generates immature forms of 
IL-1β, IL-18, and IL-33, and inactive components of 
the NLRP3 complex. The NLRP3 complex consists 
of 1) leucine-rich repeats (LRRs), 2) central NACHT 

domain, 3) pyrin domain (PYD), 4) apoptosis-associ-
ated speck-like (ASC) protein, and 5) pro-caspase-1. 
The NLRP3 complex is committed to sense signals, 
including those of PAMPs, cathepsins, ion fluxes, 
and ROS, required for NLRP3 inflammasome as-
sembly. Eventually, active caspase-1 upregulates the 
production of membrane pore-forming gasdermin D 
that leads to pyroptosis. Also, caspase-1 cleaves cyto-
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various disorders, particularly autoinflammatory, neu-
rodegenerative, and cardiometabolic diseases, and 
cancer [20].

PYROPTOSIS, APOPTOSIS, NECROPTOSIS, 
AND PANOPTOSIS

Nowadays, our understanding of the types and 
mechanisms of cell death and its effects on the func-
tioning of the whole body has increased significantly; 
some pathways of programmed cell death have been 
described in current research: apoptosis [27, 28], pyro-
ptosis [18, 27], necroptosis [16, 27], and PANoptosis 
[15]. In addition, NETosis and ferroptosis are known 
[27]. Cell death has both physiological and patholog-
ical features. For example, clonal deletion of T lym-
phocytes in the thymus, selection of B lymphocytes 
in the bone marrow, and embryonic development are 
physiological processes required for the body; con-
versely, death of numerous cells during chronic in-
flammation and tissue damage is an absolutely patho-
logical event [28]. 

Apoptosis is commonly a non-inflammatory event, 
but in case when acute inflammation prolongs and 
efferocytosis of apoptotic cells is delayed, late apop-
tosis, a lytic form of cell death, occurs [27]. Apopto-
sis-related conditions and specific features, including 
wound healing in space and molecular mechanisms of 
apoptosome assembly in both extrinsic and intrinsic 
apoptosis, are well-known and described in some re-
view articles [27, 29].

Pyroptosis is described as inflammasome-depen-
dent programmed cell death, which is implemented by 
gasdermin family members at the last step of inflam-
masome activation. It is characterized by cell swell-
ing, early cytoplasm membrane rupture, and nuclear 
condensation. Release of cell content into the extra-
cellular space upregulates both inflammatory and re-
pair processes [18, 27].

Necroptosis is the most unfavorable programmed 
cell death type for organs and tissues. It contributes 
to the pathogenesis of many severe disorders (toxic 
epidermal necrolysis, acute pancreatitis, neurodegen-
erative diseases, complications of cardiovascular pa-
thologies, etc.). When apoptosis signaling is blocked, 
necroptotic pathways are activated, and caspase-8, 
PIP1 / PIP3 kinases, and MLKL pseudokinase are up-
regulated [16, 28]. So far, the precise mechanism of 
the necroptosome assembly is not entirely clear.

PANoptosis is a newly described programmed 
cell death type implemented by a recently identified 
cytoplasmic multimeric protein complex termed the 

kine pro-forms, which become active secreted IL-1β, 
IL-18, and IL-33. Here, the early pathophysiological 
event preceding inflammation completes. Not all the 
details of the NLRP3 inflammasome activation are 
presented in Fig. 2.

In non-canonical activation, lipopolysaccharide 
(LPS) in Gram-negative bacterial infection, is recog-
nized by TLR4 that leads to type I interferon (IFN) 
upregulation and then expression of GTPases (in-
cluding IFN-induced GTP-ase IRGB10) and gua-
nylate-binding proteins (GBPs). They destroy intra-
cellular bacteria and promote release of LPS into the 
cytosol [24]. The cytosolic LPS activates caspase-4 
and caspase-5. Subsequently, caspases cleave gas-
dermin D to induce pyroptosis. In parallel, caspase-1 
upregulates the conversion of pro-IL-1β to a secreted 
IL-1β form [14, 18, 23].

In addition, an alternative inflammasome activa-
tion route was described [1, 23, 25] which enables the 
secretion of cytokines without gasdermin D involve-
ment and pyroptosis induction. In response to LPS that 
proceeds in the absence of other activation signals, the 
TRIF-RIPK1-FADD-caspase-8 complex triggers this 
activation route.

The functioning of any inflammasome is a well-reg-
ulated process [4, 18, 20, 26]. It is crucial to establish 
the optimal balance between inflammasome activation 
and inhibition. Due to differences in the structures and 
molecules of inflammasome sensors, different inflam-
masomes are regulated by different mechanisms [20]. 
Depending on polarization control, inflammasome 
can be canonical and non-canonical [11, 18, 20, 23], 
proinflammatory and anti-inflammatory [4], and pro-
tumoral and anti-tumoral [11]. 

Paradoxically, NLRP10 and NLRP12 inflam-
masomes downregulate caspase-1, and NLRP6 and 
NLRP7 inhibit IL-1β, manifesting anti-inflammato-
ry properties. However, NLRP10 and NLRP12 are 
known to be associated with atopic dermatitis [4]. In 
cancer, the functioning of various inflammasomes is 
contradictory. On the one hand, inflammasomes take 
part in upregulating anti-tumor immunity, but, on the 
other hand, they can directly contribute to pathologi-
cal tolerance or promote tumor cell survival, prolifer-
ation, and metastasis [11].

Appropriate inflammasome activation is a physio-
logical event for the body to protect against environ-
mental and its own reactivated microbes using innate 
immunity mechanisms. However, aberrant inflam-
masome activation can cause uncontrolled cell death 
and damage to healthy tissues that may contribute to 
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PANoptosome. At the same time, the PANoptosome 
can involve three key modalities of programmed cell 
death, such as pyroptosis, apoptosis, and necroptosis 
[15]. Although the PANoptosome incorporates fun-
damentally distinct mechanisms of cell death, in fact, 
PANoptosis is a combined inflammatory cell death 
pathway. Expressed PANoptosome components are 
associated with autoinflammatory, autoimmune, and 
neurodegenerative diseases, and many cancer types 
[15].

INFLAMMAGING
There are many environmental factors affecting 

the skin and cells of the immune system in the skin 
and other barrier organs. Some of these factors can be 
harmful, represent danger signals, and, at least, induce 
inflammasome formation or skin inflammation.

In an experiment on NLRP1 and NLRP3 inflam-
masomes, normal human epidermal keratinocytes 
were exposed to UVB (ultraviolet B) radiation and 
adenosine triphosphate (ATP), which resulted in re-
lease of caspase-1, whereas the bacterial toxin nigeri-
cin and urban dust did not exert such an effect [30]. 
In another experiment, it was described that cigarette 
smoke extract increased the caspase-1 activity via 
the NLRP3-independent and TLR4-TRIF-caspase-8-
dependent pathway. Simultaneously, it inhibited the 
expression of the NLRP3 inflammasome and release 
of IL-1β and IL-18, acting at the transcriptional level 
[31].

Solar UVB radiation is a major challenge for the 
skin, which can induce inflammation, cell aging, and 
even skin cancer. Upon inflammasome activation, the 
secretion of proinflammatory cytokines and pyropto-
sis occur. Using the CRISPR / Cas9 protocol with re-
gard to human primary keratinocytes, it was report-
ed that NLRP1 plays a more important role in UVB 
sensing and subsequent IL-1β and IL-18 secretion 
than NLRP3 [32]. Other signals apart from pattern 
recognition receptors are required for NLRP3 forma-
tion and caspase-1 activation; they are signals from 
ATP, nigericin, uric acid crystals, or asbestos. UVB 
and nigericin are known as inflammasome activators 
in myeloid cells and keratinocytes, because they both 
promote IL-1β secretion only in the presence of ASC 
and NLRP1, whereas knocking out NLRP3 does not 
impact IL-1β release [33]. 

In general, the influence of harmful factors on 
the skin results in development of chronic low-grade 
subclinical inflammation or inflammaging [34]. This 
phenomenon is associated with a combination of en-

vironmental and genetic factors, which can include 
accumulation of persistent senescent cells and cellu-
lar memory formed by epigenetic modifications of the 
genome [35]. Based on the experiments using cell cul-
tures and laboratory animals, it has been reported that 
cellular senescence is greatly dependent on the tumor 
suppressive protein p53 and caspase-4 (caspase-8 in 
mice) non-canonical pathway triggered by stress and 
cytoplasmic LPS [22, 36].

If persons already suffer from atopic dermatitis, 
psoriasis, and acne, exposure to air and contact pollut-
ants and UVB leads to exacerbation of chronic condi-
tions due to an increase in skin inflammation caused 
by IL-1β and IL-18 [33, 37]. If the exposure lasts for 
a long time, inflammasome-associated diseases devel-
op. Furthermore, UVB may trigger the development 
of skin cancer [9, 33]. 

INFLAMMASOME-ASSOCIATED DISEASES
Inflammation is not a single downstream effect of 

inflammasomes, since there are other forms of their 
activity, such as antigen presentation, transcription 
[4], post-transcriptional and post-translational regula-
tion [18, 19], cell aging and death [37], and tumori-
genesis [9]. In case inflammasomes have been over-
activated in an uncontrolled manner, their combined 
downstream effects can result in the development of 
inflammasome-associated diseases: autoinflamma-
tory [38–40], autoimmune [41, 42], allergic [43, 44] 
diseases, and cancer [11, 45] (Table). Classical, most 
common inflammasome-associated disorders are au-
toinflammatory diseases, such as Familial Mediterra-
nean fever, сryopyrin-associated syndromes, periodic 
fever, Still’s disease, etc. [38, 39].

T a b l e 

Association of inflammasomes with pathologies
Inflammasome Diseases and syndromes References

NLRP1

Generalized vitiligo, congenital 
toxoplasmosis, Addison’s disease [2, 4]

Сutaneous squamous cell 
carcinoma [45, 46]

NLRP2 Early-onset childhood atopic 
dermatitis [4, 47]

NLRP3

Atopic dermatitis, psoriasis, acne 
vulgaris, urticaria, bullous pem-

phigoid, vitiligo

[1, 2, 13, 23, 
42, 48–52]

Allergic contact dermatitis [53]
Autoinflammatory, 

neurodegenerative, and 
cardiovascular diseases, cancer

[9, 23, 38]

NLRP10, 
NLRP12

Atopic dermatitis [4]

Periodic fever [38, 39]
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Inflammasome Diseases and syndromes References
NAIP-NLRC4 Autoinflammatory syndromes [1, 38]

NLRC5 Melanoma, fibrous tumors [4, 54]

AIM-2
Vitiligo, allergic contact dermati-
tis, aldosterone-induced  kidney 

injury
[1, 2]

IFI16 Cervical cancer [55]
PYRIN Autoinflammatory diseases [1, 38]

The skin is a barrier organ through which invaders 
enter the body, therefore, it is here that both innate 
and adaptive immune responses most frequently pro-
ceed. Most immune-related skin diseases are affected 
by genetic and epigenetic mechanisms and environ-
mental factors in different combinations among which 
inflammasomes occupy a specific place. 

As seen from Table, almost all skin diseases 
were included in the list of inflammasome-associat-
ed conditions.  In the past 15 years, great progress 
has been made in identifying new associations of in-
flammasomes and their components with skin disor-
ders and developing new medications, which enable 
to regulate inflammasome activity. The canonical 
NLRP3 and AIM2 inflammasomes were especial-
ly well studied [1, 2, 42]. Functional deficiencies 
in some NLRs and skin colonization with S. aureus 
were observed more frequently in persons with atopic 
dermatitis than in healthy controls. Higher expression 
of NLRs was also found in plaque psoriasis [4]. The 
role of NLRP3 inflammasomes in the pathogenesis 
and therapy for psoriasis has been demonstrated at 
different levels, including epigenetic regulation. In 
particular, researchers reported that miR-155 can trig-
ger psoriasis-like inflammation via activation of the 
NLRP3 inflammasome [56]. The NLRC5 presence is 
downregulated in melanoma cells due to a decrease 
in oncoantigen presentation [54], and, conversely, it 
is highly upregulated in keloid fibroblasts and skin 
fibrous tumors [4].

There are new interesting data related to anoth-
er barrier organ, the unified airway. It has been de-
scribed that NLRP3 inflammasome activation pro-
motes the development of allergic rhinitis via nasal 
epitheliocyte and macrophage pyroptosis [57, 58]. It 
was found that the NLRP3 inflammasome is involved 
in cytokine shock in a severe course of COVID-19 
and acute respiratory distress syndrome due to the 
fact that SARS-CoV-2 N protein strongly upregu-
lates the binding of NLRP3 to ASC and NLRP3 as-
sembly [59].

PROSPECTS OF THERAPEUTIC 
INTERVENTIONS

The use of the NLRP3 inflammasome as a target 
in new therapeutic approaches to disease treatment is 
rapidly progressing. Some known drugs used in oth-
er diseases were tested in NLRP3 inflammasome-as-
sociated pathologies [23]. Many new medications, 
including small molecules, became promising candi-
dates in trials [20]. Depending on inflammasome po-
larization, current treatment for NLRP3 pathologies 
focuses on medications with inhibitory or stimulatory 
effects [18]. More often used inhibitors are directed 
to NLRP3 activation, signaling molecules, caspases, 
ASC, and NLRP3-derived proinflammatory cytokines 
[23]. Approved for clinical use, tranilast, an analog of 
a tryptophan metabolite, directly binds to the NACHT 
domain of the NLRP3 complex and downregulates the 
assembly of the NLRP3 inflammasome by blocking 
NLRP3 oligomerization step [60].

Over last years, the main approach to treatment 
for NLRP3-associated pathologies was inhibition of 
the inflammasome-derived cytokine IL-1β. Three bi-
ologicals were approved by the US FDA for many 
inflammatory (or inflammasome NLRP3-mediated) 
diseases: canakinumab, an IL-1β inhibitor; anakinra, a 
recombinant IL-1 receptor antagonist; and rilonacept, 
a decoy receptor that binds IL-1β and IL-1α [18, 61]. 
In particular, canakinumab, an anti-IL-1β monoclonal 
antibody, has been reported to treat a generalized pus-
tular psoriasis patient and resulted in complete remis-
sion of skin lesions [62]. Effective anti-TNF therapy 
by monoclonal antibodies in psoriasis has also been 
described [49]. However, in some cases, these biolog-
icals displayed side-effects [18].

The second approach directly targeting NLRP3 
by small molecules, is specific, cost-effective, and 
less toxic compared to cytokine blockade [18, 63]. 
B. pertussis bacteria-derived outer membrane vesi-
cles (nanoparticles) are proposed as a new vaccine 
platform targeted at the NLRP3 inflammasome in 
macrophages. Bacterial LPS can be delivered by the 
nanoparticles and transfected into macrophage NLRP3 
inflammasome components to trigger the non-canon-
ical activation route and then innate immunity [64]. 

The novelty of recent years has been the under-
standing of the association between NLRP3 inflam-
masome activation and the development of united 
airway diseases like allergic rhinitis. The NLRP3 in-
flammasome appears to be a new target in drug thera-
py to supplement or even replace traditional therapeu-
tic approaches in the future [65].

T a b l e  ( c o n t i n u e d ) 
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There are not many medications for the therapy 
for NLRP3-associated diseases currently approved 
by the FDA or other agencies. It remains crucial to 
assess the safety, tolerance, and dose-dependent tox-
icity of NLRP3 inflammasome modulators to imple-
ment them into clinical practice [23]. Nevertheless, 
novel research data on inflammasome-associated 
pathogenesis of skin diseases can help to transfer mo-
lecular knowledge into clinical therapy in the nearest 
future.

CONCLUSION
The discovery of the inflammasome as an early 

event just before the onset of the inflammatory pro-
cess at the beginning of the XXI century was a start-
ing point for the impressive cellular and molecular 
research that followed, leading to a new understand-
ing of the mechanisms of inflammation and innate im-
munity. So far, about 20 inflammasomes have been 
identified, but only two canonical inflammasomes, 
NLRP3 and AIM2, have been described in detail. 
Such container cells for inflammasomes as previously 
well-known myeloid cells and keratinocytes and fi-
broblasts, related to the skin have also been studied. 
Omics technologies made it possible to renew and up-
date our understanding of cell landscape of the skin.

Inflammasome research involved specialists of 
various specialties: pathologists, histologists, immu-
nologists, molecular biologists, clinicians, etc. As is 
often the case in science, at the interface of different 
approaches, new thoughts are born and discoveries are 
made. At the fundamental level, an understanding of 
the structure, routes of inflammation activation, sig-
naling pathways, and various downstream effects not 
limited to the onset of inflammation has been shaped. 
However, transfer of fundamental knowledge into 
clinical practice has not yet happened. There is a rea-
son to believe that new therapeutic approaches and 
drugs with high efficacy and a better adverse effect 
profile will contribute to modern therapy for autoin-
flammatory, autoimmune, neurodegenerative, allergic 
diseases, and cancer in the nearest future.
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