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Recurrent fever is common in young, especially preschool, children, and is associated with repeated episodes of fever that, in some 
cases, may last for weeks. Most often, these episodes are due to repeated infections; however, when there is a periodic recurrence, 
they can also be because of conditions such as autoinflammatory diseases (AIDs). Since their discovery nearly two decades ago, 
AIDs received a growing interest in research studies that not only increased our understanding of the AID pathologies, but also 
enriched the literature on innate immune responses, including inflammasome-mediated pathways. Inflammasomes are protein 
complexes formed in response to the activation of a group of intracellular pathogen-recognition receptors by a variety of inducers 
originating from the infection or cellular stress. They are involved in the generation of caspase-1, which is required for the generation 
of active interleukin (IL)-1β and IL-18, and were also shown to induce the generation of a wide variety of other cytokines, including 
tumor necrosis factor (TNF)-α, IL-6, and interferons (IFNs). This review aims not only to raise awareness about pediatric AIDs with 
periodic fever, but also to present the current literature about the molecular basis of inflammasome-mediated pathways involved in 
the disease pathogenesis. Future studies that would further enlighten the relationship between inflammasome-mediated pathways 
and AIDs would contribute to the development of more effective treatment strategies aiming to improve the patient life quality and 
help to avoid long-term complications.
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INTRODUCTION
The term autoinflammatory disease was first used in a study by Galon in 1999, which also identified the gene responsible 
for tumor necrosis factor (TNF) receptor-associated periodic syndrome (TRAPS). Autoinflammatory diseases (AIDs) were 
initially distinguished from autoimmune diseases by their characteristic feature of apparently unprovoked inflammation 
episodes without any auto-reactive T lymphocyte or auto-antibody induction (1). However, today it became apparent 
that both innate and adaptive immune responses can be activated during AIDs, and therefore, a new continuum model 
was suggested by McDermott and McGonagle in which immunological diseases are regarded as a continuum, with “pure 
monogenic autoinflammatory diseases” and “pure monogenic autoimmune diseases” being located at opposite ends (2).

Nevertheless, AIDs are considered to be mainly innately immune driven and are associated with neutrophil, macrophage, 
or monocyte-mediated inflammation with dysregulated cytokine production. They are also characterized by systemic 
inflammation, influencing tissues such as the skin, joints, conjunctiva, and serosal tissues (1). Over the last 20 years, the 
studies conducted on AIDs not only helped to improve our understanding of the AID pathogenesis, but also of the innate 
immune mechanisms, namely inflammasomes, which have also been linked to autoinflammatory, as well as autoimmune 
diseases.

Inflammasomes
Innate immune responses are triggered as a result of the interaction between pattern recognition receptors (PRRs) and 
pathogen-associated molecular patterns (PAMPs), or damage-associated molecular patterns (DAMPs). Depending on 
their localization, PRRs can be divided into two broad families: (1) transmembrane receptors (e.g., Toll-like receptors [TLRs]) 
that are found in the plasma membrane and in endosomes, and (2) PRRs, which are expressed in intracellular compart-
ments (e.g, nucleotide-binding domain and leucine-rich repeat-containing proteins [NLRP]).
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In response to a variety of stimuli originating from infection or 
cellular stress, while some intracellular PRRs, activate nuclear 
factor-κB (NF-κB), activator protein 1, and interferon regulato-
ry factors, some stimulate the assembly of protein complexes 
called inflammasomes. A typical inflammasome is composed of 
a sensor protein, which is an intracellular PRR; apoptosis-asso-
ciated speck-like (ASC) protein that acts as an adaptor protein 
and possesses a caspase-recruitment domain (CARD); and pro-
caspase-1. Some inflammasomes were also reported to include 
chaperone proteins (e.g., heat shock protein), which are thought 
to play an important role in stabilizing the protein–protein inter-
actions (3). Up until today, there have been at least seven types 
of inflammasomes identified, and each is named according to 
the intracellular PRR associated: NLRP1, NLRP3, NLRP6, NLRP12, 
NLR Family CARD Domain Containing 4 (NLRC4), retinoic ac-
id-inducible gene (RIG)-I, and absent in melanoma (AIM)-2. 
Among those, the NLRP3-inflammasome is regarded as the 
most important one as it is responsive to a wide range of PAMPs 
and DAMPs (4).

Upon detection of an activating signal, inflammasome sensors 
bind pro-caspase-1 either directly via CARD or indirectly via the 
pyrin domain (PYD), which interacts with ASC that has both the 
PYD and CARD domains. Pro-caspase then undergoes oligo-
merization in inflammasomes, as well as the autoproteolytic 
cleavage that yields caspase-1 (4). Active caspase-1 is a cys-
teine-dependent protease that is involved in the generation of 
interleukin (IL)-1β and IL-18 from pro-IL-1β and pro-IL-18, respec-
tively. While both cytokines are involved in inflammatory diseas-
es, infection, and cancer, IL-1β is regarded as one of the major 
mediators of fever in humans and is regarded as a “prototypic 
alarm cytokine” because of its ability to induce the NF-κB acti-
vation and inflammatory cytokine release. In addition to the IL-1 
family member cytokines, inflammasomes were also associat-
ed with the induction of other wide variety of cytokines such as 
TNF-α, IL-6 IL-11, IL-17A, interferon (IFN)-α, and IFN-β (5).

Caspase-1 activation can also lead to pyroptosis, which is an 
inflammatory form of cell death associated with the release of 
proinflammatory cellular contents due to rupture of the plasma 
membrane. Its activation results in the pore formation on the 
plasma membrane, which disrupts the cellular ionic gradient 
causing increased osmotic pressure, swelling, and consequently, 
lysis. For this reason, caspase-1 is suggested to help host immune 
defense by both mediating the cytokine release and destruction 
of infected or damaged host cells (6).

Inflammasomes and Pediadtric AIDs with Fever
Recurrent fever is a common clinical presentation observed in 
preschool children, and is characterized by repeated episodes 
of fever that last for days or weeks with symptom-free intervals 
for weeks or months. While it is mostly caused by repeated in-
fections, in cases of continued recurrence, it is suspected to be 
due to other conditions such as primary immunodeficiencies, 
anatomic and metabolic abnormalities, malignancies, and AIDs 
(5).

Fever is common among AIDs; however, some cases are asso-
ciated with other prominent features, including pyogenic and 
granulomatous lesions, and are classified accordingly. On the 
other hand, AIDs associated with repeated fever episodes are 

classified differently and include monogenic forms of autoin-
flammation, as well as genetically complex autoinflammatory 
diseases such as the periodic fever, aphthous stomatitis, phar-
yngitis, and cervical adenitis (PFAPA) syndrome (7).

Hereditary Periodic Fever Syndromes

Familial mediterranean fever (FMF)
Familial mediterranean fever  is the most common monogenic in-
flammatory disease and is characterized by the episodes of fe-
ver, polyserositis abdominanal pain, and long-term complication 
of amyloidosis. The affected gene, known as the Mediterranean 
fever gene (MEFV), encodes the pyrin protein, which is involved 
in the inflammasome formation, regulation of apoptosis, inflam-
mation, and IL-1β processing (8). The protein was also suggested 
to facilitate the autophagic degradation of inflammasome com-
ponents including NLRP1, NLRP3, and pro-caspase 1 (9).

Up until today, there had been over 310 different mutations as-
sociated with FMF, most of which were positioned in the C-ter-
minal B30.2 (PYR) domain involved in the protein–protein inter-
actions (10). The most common FMF-associated mutations are 
M694V, M694I, V726A, M680I, and E148Q, which account for 
70% of cases in the Mediterranean population (11). Among those, 
the M694V and E148Q mutations are responsible for severe and 
milder forms of the disease, respectively (8). FMF is known to 
primarily affect the Mediterranean populations, and our recent 
study demonstrated a high MEFV gene mutation carrier rate of 
12.5% in the Turkish Cypriot population (12).

Albeit FMF was initially associated with the loss-of-function 
autosomal recessive mutations, previous studies reported that 
30% of the FMF patients possessed only a single demonstrable 
mutation, and mice inserted with FMF-associated human B30.2 
domains displayed phenotypes similar to those observed in pa-
tients with the FMF phenotype, while deletion of mouse pyrin 
did not result in any inflammatory phenotype (13, 14). Addition-
ally, monocytes isolated from patients with FMF were demon-
strated to release higher LPS-induced levels of IL-1β than those 
from healthy donors (15).

While these studies suggest that the gain-of-function mutations 
are responsible for the disease, Jamilloux et al. (16) showed that 
the disease is associated with hypermorphic mutations that re-
sult in reduction of the activation threshold of the pyrin inflam-
masome. Moreover, the B30.2 domain mutations were shown to 
decrease the activation threshold by inhibiting pyrin phosphor-
ylation by pyrin kinases, and thereby reducing the 14–3–3 bind-
ing, which is involved in blocking of the inflammasome activity 
(17). On the other hand, the ASC-dependent NLRP3-indepen-
dent inflammasomes were also suggested to facilitate the FMF 
development in mouse models (14).

Cryopyrin-associated periodic syndromes (CAPS)
Cryopyrin-associated periodic syndromes is a broad term used 
to cover a group of autosomal-dominant inherited diseases, in-
cluding familial cold autoinflammatory syndrome (FCAS), Muck-
le–Wells syndrome (MWS), and neonatal onset multisystem in-
flammatory disease (NOMID), among which FCAS and NOMID 
are the least and most severe forms, respectively. The symptoms 
include fever, rash, headache, and conjunctivitis. Unique fea-
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tures include cold-induced fever in FCAS; hearing loss in MWS 
and  NOMID; overgrowth of knees; and symptoms associated 
with the central nervous system inflammation (CNS) of patients 
with NOMID. If left untreated, amyloidosis leading to end-stage 
renal disease can also be observed in patients with MWS (3).

While they were initially thought to be caused by distinct 
mechanisms, later studies reported that CAPS were all asso-
ciated with the NLRP3 inflammasome (18). Up to date, over 175 
different NLRP3 gene sequence variants and over 90 hetero-
zygous NLRP3 mutations were associated with CAPS disease 
(19). It is a rare disease (prevalence of approximately 1–3 per 1 
million), predominantly affecting the Northern European pop-
ulation (20).

An in vitro study reported increased levels of lipopolysaccharide 
(LPS)-induced IL-1β and IL-18 production in the caspase-1-de-
pendent manner in CAPS patients, when compared with that 
from control subjects (21). Additionally, in contrast to monocytes 
from control patients, the FCAS patient monocytes were able 
to release IL-1β following incubation at 32°C which is the skin 
temperature of subjects exposed to cold (22). In the same study, 
the generation of several cytokines was IL-1β dependent, as re-
ported by reduction in the levels following treatment with an IL-1 
receptor antagonist (22). In another study, a fast IL-1β production 
by CAPS patients was associated with an altered redox state, 
as demonstrated by enhanced reactive oxygen species (ROS) 
and antioxidant levels in the CAPS monocytes that were left 
unstimulated (23). Moreover, macrophages from mice express-
ing CAPS mutations also displayed enhanced levels of the IL-1β 
and IL-18 production in response to TLR ligands in the absence 
of ATP. This was thought to be due to a reduced inflammasome 
activation threshold, which could be as a result of conformation 
changes introduced by the associated mutation (24).

Mevalonate kinase deficiency (MKD)
Mevalonate kinase deficiency is a rare disease with two phe-
notypes that include hyperimmunoglobulinemia D syndrome 
(HIDS), which is less severe but more common; and mevalonic 
aciduria (MVA), which is a more severe but a less common form 
(25). MKD presents with recurrent inflammatory attacks, with a 
sudden onset of high fever that may last up to 6 days, which 
is usually accompanied by other features including lymphade-
nopathy and gastrointestinal, mucocutaneous, musculoskeletal, 
and neurological symptoms (7). In a severe MKD form, children 
may also suffer from growth retardation, congenital defects, 
psychomotor retardation, progressive cerebellar ataxia, and 
hypotonia (25).

It is inherited in an autosomal recessive manner and is caused 
by a mutation of the mevalonate kinase (MVK) gene. While the 
MVK activity is usually below the detection levels in cultured 
fibroblast cells isolated from MVA, it is approximately 1%–7% 
of the control value in fibroblasts and leukocytes from patients 
with HIDS (26).

The MVK protein is important for the mevalonate pathway of 
cholesterol and isoprene biosynthesis, and its mutation in MKD 
leads to reduced mevalonate-derived intermediates, including 
geranylgeranyl pyrophosphate (GGPP). GGPP is the geranyl-
geranylation substrate required for the membrane targeting of 

ras homolog gene family member A (RhoA), which is involved 
in the regulation of the pyrin inflammasome activity via kinases 
that block pyrin effects by phosphorylation (7, 17, 27). Accordingly, 
pyrin inflammasomes were shown to be activated in response 
to Rho inactivation, and the inhibition of mevalonate pathway 
was reported to elevate the NALP3 expression, which suggests 
its involvement in MKD (7, 27, 28).

While its epidemiology is still unclear, and its incidence rate 
seems to vary depending on the region, the Netherlands is re-
ported to have the highest prevalence with an incident rate of 
1:200,000 (29). MKD is a very rare disease, and there are approx-
imately 300 MKD patients known today. However, this is more 
likely an underestimated number due to lack of genetic screen-
ing programs for MKD, as well as undocumented and undiag-
nosed patients that stay unreported in literature (25).

Tumor necrosis factor receptor-associated periodic fever syn-
drome (TRAPS)
TRAPS, which was initially known as Hibernian fever, was first 
described in 1982 in a boy of Irish–Scottish origin (30). It is re-
garded as the most common autosomal-dominant AID with 
symptoms including fever, abdominal, chest and testicular pain, 
conjunctivitis, arthralgia, and myalgia, which may last up to 
3 weeks or even longer. In addition to those, some patients may 
also suffer from periorbital edema and painful migratory ery-
thematous rash (20). It is caused by the missense mutation of the 
TNF receptor (TNFR)-1 extracellular domain that influences the 
folding and trafficking of the protein (31).

Even though the gene responsible for TRAPS is not a part of 
inflammasomes, inflammasome-mediated pathways are still 
thought to be involved in the pathogenesis since ROS, which 
acts as a driver in the inflammation responsible for TRAPS, is 
known to contribute to the NLRP3 inflammasome activation 
(32, 33). In another study, mutant TNRF-1 was demonstrated to 
be trapped within the cell and increase the LPS-induced MAPK 
activation, as well as the proinflammatory cytokine secretion 
levels (31). Moreover, TNF-α was also reported to induce the 
inflammasome activation in the absence of any bacterial in-
fection and was shown to act as an important transcriptional 
regulator of the NLRP3 inflammasome components (34, 35). On 
the other hand, while literature on the prevalence of TRAPS is 
still scarce, its incidence rate among the pediatric population 
in Germany was estimated at approximately 5.6 in 107 persons 
(36).

Familial cold autoinflammatory syndrome 2 (FCAS 2)
Familial cold autoinflammatory syndrome 2 is a very rare genet-
ic disease associated with NLR12 mutations that is transmitted 
with autosomal-dominant inheritance. Current literature on the 
effect of this mutation on the immune response is not clear: Jeru 
et al. (37) reported a deleterious effect on the NF-κB signaling; 
however, Borghini et al. (38) did not observe such an inhibitory 
effect. On the other hand, its possible effect on the noncanonical 
NF-κB/p100 processing pathway is still unclear (38). The clin-
ical symptoms resemble those reported for FCAS and include 
fever that may last up to 10 days, together with headache, joint 
symptoms, and skin rash triggered by the exposure to cold. In 
some cases, urticaria, abdominal pain and lymphadenopathy, 
and hearing loss were also observed (39).
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PFAPA 
PFAPA, which is named according to its symptoms that include fe-
ver flares associated with pharyngitis, adenitis, and/or aphthous 
stomatitis in the absence of any infection, is the most common pe-
diatric AID in regions without a high FMF prevalence and is known 
as the most common cause of recurrent fever among the pediatric 
population in Europe (40, 41). It is considered as a self-limited con-
dition as it generally fades away before adulthood (7).

Today, even though the cause of the disease is not clear, it is 
thought to be associated with dysregulated innate immunity as 
the patients exhibit increased serum levels of proinflammato-
ry cytokines, neutrophilia, and are responsive to corticosteroids 
and IL-1 blockade (2). Accordingly, in our study, tonsil samples 
isolated from patients with PFAPA displayed similar antimicro-
bial peptide expression levels when compared with those iso-
lated from the group of patients with A beta-hemolytic strep-
tococcal recurrent tonsillitis (42). Tonsils seem to play a crucial 
role in PFAPA since tonsillectomy was shown to be an effective 
treatment strategy for the PFAPA disease, and tonsillar micro-
biome was shown to differ between the control subjects and 
patients with PFAPA (43-45).

In contrast to most of the periodic fever syndromes, which were 
shown to be hereditary monogenic disorders, the genetic basis for 
PFAPA is not yet clear. Recent studies that examined siblings and 
related mothers suggested a familial susceptibility and demon-
strated an association between PFAPA and some candidate 
genes. However, lack of a clear monogenic trait suggests heterog-
enous, polygenic, or complex inheritance of PFAPA syndrome (46).

Among those are included inflammasome-related genes, most-
ly NLRP3 and MEFV variants, which implies inflammasome-me-
diated pathways in the PFAPA development (47). In support 
of its role, PFAPA was also reported to be associated with the 
CARD8 mutation that disrupts its binding to the NLRP3 inflam-
masome and thereby reducing its negative regulatory activity 
(40, 48). This correlates with previous reports showing increased 
IL-1β expression during PFAPA febrile attacks (49, 50).

CONCLUSION
Since the discovery of AID, the literature on the disease patho-
genesis and innate immunity including inflammasome-mediat-
ed pathways have proceeded hand in hand, such that due to 
its important role in inflammation, IL-1 blocking strategy is being 
used to treat AID with periodic fever (5). Today clinical applica-
tion of this strategy involves using medications that either target 
the IL-1 molecule directly (e.g., canakinumab, rilonacept, gevoki-
zumab) or indirectly via antagonistic effects on the IL-1 receptor 
(e.g., anakinra) (5). Nevertheless, as the inflammasome activi-
ty is also needed for host response to microbial pathogens, a 
greater understanding of the balance between beneficial and 
detrimental inflammasome activation would contribute to the 
discovery of new and better inflammasome-focused treatment 
strategies.
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