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INTRODUCTION
Familial Mediterranean Fever (FMF) is an inherited 
autoinflammatory disease characterized by recurrent 
fever attacks, arthritis, serositis, and amyloidosis caused 
kidney involvement. FMF has a frequency of 100-200 
per 100,000 people, predominantly affecting those of 
Eastern Mediterranean origin (1). Initially thought to 
primarily impact individuals living in the Mediterranean 
region (Arabs, Armenians, and Turks), it has now 
become increasingly diagnosed worldwide due to easier 
transportation and increased migration (2). Notably, 
individuals from Japan, North America, and Europe 
have also reported cases of FMF. Among the affected 
populations.

EPIDEMIOLOGY
FMF is common among communities around the 
Mediterranean (2). It is most commonly seen in 

individuals of Armenian, Turkish, North African, Middle 
Eastern Jewish, and Arab descent. The prevalence of 
FMF in Turkey is approximately 1/400 - 1/1000, making 
it likely the country with the highest rate of FMF patients 
worldwide (3,4). Among Armenian citizens, the carrier 
rate for FMF mutation is approximately 1/7, with a 
disease occurrence rate of 1/500 (5). In Israel, the carrier 
rate among Jewish populations varies, with 1/8 among 
Ashkenazi Jews, 1/6 among North African Jews, and 1/4 
among Iraqi Jews (6). The disease is not limited to these 
ethnic backgrounds and is also observed in countries 
with lower rates such as China, Greece, Japan, and Italy 
(2,7,8). In the Balkans, as countries move away from 
Turkey, the number of FMF patients and the carrier rate 
of MEFV mutations decrease (9). This could reflect the 
expansion of the Ottoman Empire in this region. FMF is 
presumed to have originated more than 3000 years ago 
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in Mesopotamia (10). In the modern world, the spread 
of the disease from the Mediterranean region to distant 
countries can be explained by overseas transportation 
and air travel.

GENETIC MUTATIONS
MEFV Gene Mutation
FMF is generally considered an autosomal recessive 
disease. Affected individuals carry biallelic pathogenic 
mutations in the Mediterranean Fever (MEFV) gene 
located on the short arm of chromosome 16 (16p13.3) 
(Figure 1) (11,12). The MEFV gene consists of 10 
exons, with over 370 variants identified to date (13). 
The number of variants continues to increase with 
the use of genome sequencing. Mutations including 
V726A, M694V, M694I, M680I, and E148Q constitute 
approximately 75% of FMF chromosomes in typical 
cases among Armenian, Arab, Jewish, and Turkish 
populations (14). Among these mutations, M694V is the 
most common, occurring in 20%-65% of cases across 
all four populations. Additionally, approximately 10%-
20% of individuals meeting the diagnostic criteria for 
FMF do not have MEFV mutations. It is debated whether 
this represents a FMF-like condition or true FMF with 
unidentified genetic variations (15).

In FMF endemic countries, approximately 30% of 
patients carry a single pathogenic variant (monoallelic 
disease) (16,17). This observation raises the question 
of whether the disease may also be transmitted as 
an autosomal dominant trait. Some reports suggest 
a dominant feature among patients with specific 
mutations such as the deletion mutation M694V and 
missense mutations H478Y, T577N, and P373L (18-

20). The deletion mutation can lead to a severe defect 
in the encoded pyrin protein, resulting in the onset of 
clinical FMF. However, there is no clear explanation 
for the presence of FMF in individuals carrying other 
single missense mutations. It is thought that additional 
genetic and environmental (epigenetic) factors affect the 
phenotypic characteristics of asymptomatic disease in 
more than 95% of carriers (heterozygotes) of a single 
MEFV mutation. In a study aimed at estimating the 
contribution of heterozygosity to disease prevalence, 
a genotype comparison was conducted in 63 sibling 
pairs from familial types and a genotype study in 557 
patients from four Mediterranean populations (21). This 
study demonstrated that heterozygosity alone is not 
responsible for classic Mendelian inherited FMF, but it 
constitutes a risk factor for developing FMF with a six- 
to eight-fold higher risk compared to individuals without 
MEFV mutations.

Although mutations in the entire MEFV gene are found 
in FMF patients, M694V and M680I are the mutations 
associated with the most severe forms of the disease, 
clustered in exon 10, encoding a motif known as the 
B30.2/SPRY domain at the C-terminal of the protein. 
Homozygotes for M694V exhibit a severe phenotype, 
with a higher likelihood of early disease onset, arthritis, 
erysipelas-like skin lesions, high fever, splenomegaly, 
more frequent attacks, and renal amyloidosis compared 
to individuals with other MEFV mutations (22). 
Additionally, patients with these mutations require 
higher doses of colchicine to prevent attacks compared 
to those with other genotypes. The M694V mutation 
predominantly affects FMF patients of North African 
Jewish descent, who are known to experience more severe 

Figure 1. The MEFV gene, situated on chromosome 16's short arm at locus 16p13.3, comprises 10 exons and is responsible 
for encoding the pyrin protein. Pyrin, a crucial player in the innate immune system, consists of five distinct domains: PYD, 
bZIP transcription factor, B-box, α-helical coiled-coil, and B30.2. Among these, the C-terminal B30.2 domain holds particular 
significance, as it serves as the primary site where the most prevalent FMF mutations, including M680I, M694I, M694V, and 
V726A, are concentrated. These mutations within the MEFV gene lead to the activation of pyrin, triggering its assembly with 
pro-caspase-1 and ASC into a multiprotein complex known as the inflammasome. This molecular complex plays a pivotal role in 
initiating the inflammatory response, ultimately contributing to the characteristic symptoms observed in FMF patients. (Adopted 
from the Reference 16).
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attacks. Moreover, a high prevalence of amyloidosis was 
detected before the use of colchicine (23). Ashkenazi 
Jews and Druze, who have a low frequency of the 
M694V mutation, tend to have milder versions of FMF 
with a lower prevalence of amyloidosis.

Genetic variants found in Exon 2 (e.g., E148Q, R202Q) 
and Exon 3 (P369S) typically present with a milder 
clinical presentation of FMF, often associated only with 
mild and nonspecific inflammatory symptoms. However, 
this is not always the case, as reports of more severe or 
atypical disease with these variants exist. For example, 
several studies have shown that E148Q, P369S, and 
R408Q can be found on a single allele (in cis) and may 
manifest as FMF-like disease or PFAPA (periodic fever, 
aphthous stomatitis, pharyngitis, adenitis) syndrome 
(24,25).

Additional studies conducted in Greece and Turkey have 
reported an association between the R202Q mutation and 
an inflammatory phenotype of FMF (26,27). Therefore, 
it has been observed that typical clinical features of 
FMF, especially arthritis, are observed in patients with 
compound mutations, including R202Q (25).

In Japan, where most mutations occur in Exons 2, 3, 
and 4, FMF tends to be mild and easily controlled with 
low-dose colchicine (28). Individuals with no or only 
one pathogenic MEFV mutation tend to have a milder 
disease compared to those with biallelic pathogenic 
variants (29). These observations indicate an additional 
role of environmental factors in the FMF phenotype.

Whether the E148Q mutation is merely a polymorphism 
or a sequence alteration causing the disease remains 
uncertain (30,31). The penetrance of the E148Q 
mutation is reduced, and E148Q homozygotes are either 
asymptomatic or may have mild disease. Additionally, 
amyloidosis is rare in individuals with these mutations. 
However, patients carrying the E148Q mutation along 
with an additional different mutation are almost always 
symptomatic. In one study, the penetrance of M694V/
E148Q was found to be 17 times higher than that of      
M694V/-. This suggests that the E148Q mutation plays 
an active role when combined with the M694V mutation 
(32).

Considering other genetic factors, the incomplete 
penetrance and variable presentations of FMF suggest the 
presence of potential genetic factors that could influence 
the disease’s presentation. Evidence that another gene 
may modulate the clinical features of the MEFV gene is 
demonstrated by the segregation of different alleles of 
the major histocompatibility class I chain-related gene 
A (MICA) among FMF patients with different clinical 
features. In a study evaluating 151 affected patients and 
family members for the presence of five common MICA 
alleles, the A-9 allele was strongly associated with 

early disease onset in M694V homozygotes, while the 
A-4 allele was found to impact the frequency of FMF 
attacks (33). The mechanism by which MICA or another 
closely linked gene influences the FMF phenotype is not 
yet clear.

In one study, the presence of the serum amyloid A1 
(SAA1) alpha homozygous genotype was associated 
with a sevenfold increased risk of renal amyloidosis 
compared to other SAA1 genotypes (34).

EPIGENETIC
For a long time, conventional knowledge held that 
altering the DNA sequence was the only means to 
potentially induce phenotypic variation. However, in 
1942, Waddington introduced the term “epigenetics”, 
which explains changes in gene functions capable of 
being transmitted to subsequent generations without 
direct alterations to the DNA sequence itself (35,36).

The study of epigenetics facilitates the identification of 
various disease biomarkers, empowering researchers 
and healthcare experts to detect specific diseases based 
on associated epigenetic mechanisms at an early stage, 
before their full manifestation or progression. Such an 
approach is pivotal in formulating tailored treatment or 
prevention strategies for prospective patients (37).

Numerous epigenetic mechanisms have been studied, with 
DNA methylation, histone modification, and noncoding 
RNAs—particularly microRNAs (miRNAs)—emerging 
as the most extensively investigated within the spectrum 
of inflammatory diseases (38).

DNA Methylation
DNA methylation stands as a predominant epigenetic 
mechanism influencing gene expression and phenotype 
without altering the underlying DNA sequence. This 
process, primarily occurring within CpG islands of 
gene promoters, orchestrates chromatin remodeling, 
subsequently impacting transcriptional activity and 
protein levels (39).

In the context of FMF, investigations into the 
methylation status of the MEFV gene, a key player in the 
disease pathogenesis, have yielded conflicting results. 
While some studies suggested a potential link between 
MEFV methylation and disease severity, inconsistencies 
emerged, underscoring the complexity of epigenetic 
regulation in FMF manifestation (Table 1) (16,40-43).

Moreover, emerging evidence implicates epigenetic 
modifications in the regulation of inflammasome 
complexes, shedding light on novel pathways 
contributing to FMF pathophysiology. The epigenetic 
regulation of NLRP13 and NLRP3 inflammasomes, 
along with their impact on IL-1β expression, suggests 
a multifaceted interplay between epigenetics and 
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inflammatory processes in FMF (44).

Furthermore, insights into the potential influence of 
DNA methylation on colchicine responsiveness among 
FMF patients highlight the therapeutic implications of 
epigenetic variability. However, definitive conclusions 
regarding the efficacy of colchicine in methylation-
associated cases await further elucidation through 
expanded research endeavors. While the results 
showed that the colchicine nonresponders had a greater 
methylation level of exon 2 of the MEFV gene than did 
the colchicine responders, these results were deemed to 
be nonsignificant (43).

Overall, while the role of DNA methylation in FMF 
etiology and treatment response remains an area of active 
investigation, it is evident that epigenetic mechanisms 
contribute significantly to the clinical heterogeneity 
and pathogenic mechanisms of this complex 
autoinflammatory disorder. Future studies elucidating 
the intricate interplay between epigenetic modifications 
and FMF phenotypes hold promise for advancing both 
diagnostic and therapeutic strategies in the management 
of this debilitating condition.

Histone Modification
Histone modification emerges as a pivotal epigenetic 
mechanism intricately intertwined with DNA 
methylation, collectively orchestrating chromatin 
dynamics and gene expression patterns throughout 
cellular growth and development (45). While histone 

modifications encompass a diverse array of biochemical 
alterations, including methylation, acetylation, 
phosphorylation, ubiquitination, and SUMOylation, 
their cumulative effects govern transcriptional activity 
either by directly modulating chromatin structure or via 
interactions with effector proteins (Table 2) (16,46-49).

Of particular interest is the role of histone modifications 
in the activation of the NLRP3 inflammasome, a 
central mediator of autoimmune and autoinflammatory 
disorders such as systemic lupus erythematosus, 
rheumatoid arthritis, and Behçet disease. Despite the 
well-established implications of histone modifications 
in these diseases, their role in FMF remains largely 
unexplored (Table 3) (16,50-52).

Notably, histone acetylation dynamics have 
been implicated in the regulation of the NLRP3 
inflammasome, exemplified by studies demonstrating 
increased NLRP3 expression levels upon histone 
acetylation in various inflammatory contexts (48,49,53). 
Similarly, histone demethylation has been shown to 
modulate NLRP3 inflammasome activity, underscoring 
the intricate interplay between histone modifications and 
inflammatory responses.

The shared genetic and inflammatory features between 
FMF and Behçet disease warrant investigation into 
the potential role of histone modifications in FMF 
manifestation (54). Studies elucidating the impact 
of histone acetylation, histone demethylation, 

Study Findings

Ulum et al. (2015) (40)
No correlation found between MEFV gene methylation and clinical symptoms in Turkish 
children diagnosed with FMF.

Kirectepe et al. (2011) (41)
Higher levels of MEFV gene methylation observed in FMF patients compared to healthy 
controls, associated with decreased gene expression.

Doğan et al. (2019) (42)
No correlation found between MEFV methylation and MEFV expression levels in pediatric 
FMF patients in Turkey.

Zekry et al. (2023) (43)
No significant difference observed in methylation levels of MEFV gene exon 2 between 
colchicine responders and nonresponders in FMF patients.

Table 1. Studies investigating DNA methylation in FMF

Histone 
Modification Effect on Gene Expression

Methylation
Can lead to either gene activation or repression, depending on the specific lysine or arginine residue 
methylated. Represses gene expression when occurring on H3K9, H3K27, and H4K20. Activates gene 
expression when occurring on H3K4, H3K36, and H3K79.

Acetylation Activates gene expression by neutralizing the positive charge of lysine residues, allowing DNA to 
remain accessible to transcriptional machinery.Phosphorylation
Generally results in the activation of gene expression.

Ubiquitination Can lead to either the activation or repression of gene expression. Monoubiquitylation of H2A mainly 
represses gene expression, while that of H2B activates gene expression.

SUMOylation Generally associated with transcriptional repression.

Table 2. Histone modifications and their effects

FMF; Familial Mediterranean Fever methylation
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ubiquitination, and SUMOylation on inflammatory 
pathways in experimental models of FMF hold 
promise for expanding our understanding of epigenetic 
contributions to disease expression and potential 
therapeutic targets (Table 4).

In summary, exploring the role of histone modifications 
in FMF pathophysiology not only sheds light on the 
underlying mechanisms driving disease manifestation 
but also offers novel avenues for therapeutic intervention 
and personalized treatment strategies aimed at mitigating 
inflammation and improving patient outcomes. Further 
research in this area is imperative for unraveling 
the complex interplay between epigenetics and 
autoinflammatory disorders, ultimately paving the way 
for more effective management and targeted therapies.

miRNAs
microRNAs (miRNAs) is as pivotal regulators of gene 
expression, orchestrating intricate cellular processes 
through post-transcriptional mechanisms. These 
small noncoding RNA molecules, encompassing 
approximately 2600 mature forms in humans, exert their 
influence by modulating mRNA stability and translation, 
thereby impacting diverse biological pathways (55).

The role of miRNAs extends beyond intracellular 
functions, as they are actively secreted into extracellular 
fluids, serving as intercellular messengers that facilitate 
communication between cells (56). Through their 
interactions with target genes, miRNAs play a crucial 
role in modulating immune responses, with implications 
in both proinflammatory and anti-inflammatory 
processes. Several immune response mechanisms, such 
as the proliferation and differentiation of B and T cells, 
the amplification of monocytes and neutrophils, the 
stimulation of antibody production, and the secretion 
of inflammatory mediators, have been associated with 
miRNAs (57).

miRNAs have emerged as key players in the 
pathogenesis of FMF, influencing various mechanisms 
such as apoptosis, inflammation, and autophagy (58). 
Studies have identified differential expression patterns 
of specific miRNAs in FMF patients, particularly those 
homozygous for the M694V mutation, compared to 
healthy controls. These dysregulated miRNAs, such as 
miR-144-3p, miR-21-5p, and miR-451, are implicated in 
immune processes and cytokine regulation, suggesting 
their potential as biomarkers for disease activity and 
therapeutic targets (59).

Moreover, investigations into the association between 
specific miRNAs and FMF genotype have revealed 
intriguing findings, with miR-107 showing significant 
downregulation in patients carrying the M694V mutation 
(60). Such insights not only deepen our understanding of 
the molecular mechanisms underlying FMF but also hold 
promise for the development of personalized diagnostic 
and therapeutic strategies.

The studies exploring the therapeutic potential of 
miRNAs in FMF have identified miR-204-3p as a 
candidate for modulating the phosphoinositide 3-kinase 
gamma (PI3Kγ) pathway, a key mediator of inflammatory 
cytokine release. By targeting this pathway, miR-204-3p 
offers a potential avenue for mitigating inflammation and 
ameliorating disease symptoms in FMF patients (61).

The microarray analysis conducted by Latsoudis et al. 
highlighted elevated expression levels of miR-4520a 
in FMF patients, suggesting its involvement in FMF 
pathogenesis through the regulation of autophagy via 
the mTOR pathway (62). Similarly, investigations by 
Akkaya-Ulum et al. revealed differential expression of 
inflammatory pathway-related miRNAs in FMF patients, 
with distinct profiles observed in homozygous and 
heterozygous individuals (Table 5) (16,63). Notably, 
miR-197-3p emerged as a potential therapeutic target, 
with its overexpression demonstrating anti-inflammatory 

Inflammasome 
Regulation Role of Histone Modifications

Activation of NLRP3 
Inflammasome

Histone acetylation dynamics, such as increased acetylation of histones H3K9 and H4 in the 
promoter region of NLRP3, have been shown to increase its expression levels and activate the 
inflammasome.

Regulation of 
Behçet’s Disease (BD) 
Manifestation

Histone modifications, particularly the regulation of histone acetylation by SIRT1, have been 
implicated in the manifestation of BD, suggesting potential treatment options targeting histone 
acetylation.

Table 3. Role of histone modifications in inflammasome regulation and autoinflammatory diseases

Shared Features Implications and Studies

Genetic Overlap
MEFV mutations, particularly M694V, have been associated with increased risk of Behçet’s Disease 
(BD) in regions where both FMF and BD are prevalent.

I n f l a m m a t o r y 
Features

Shared pathophysiological features suggest potential shared mechanisms between FMF and Behçet’s 
Disease, warranting further investigation.

Table 4. Histone modifications and their effects
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effects by targeting IL-1R1 and modulating NF-ĸB 
signaling.

Furthermore, studies evaluating miRNA expression 
in FMF patients undergoing colchicine treatment have 
identified potential biomarkers associated with treatment 
response (64). The upregulation of miR-132, miR-15a, 
and miR-181a in colchicine-treated patients suggests 
their involvement in mediating the anti-inflammatory 
effects of colchicine. Additionally, investigations into 
the role of miRNAs in apoptotic pathways revealed 
dysregulated expression patterns in FMF children, 
further implicating miRNAs in disease progression.

Moreover, recent studies have explored the utility of 
miRNAs as biomarkers of inflammation in FMF, with 
miR-181a and miR-125a showing promise in this regard 
(Table 6) (16,65). Elevated levels of proinflammatory 
cytokines and decreased expression of anti-inflammatory 
miRNAs were observed in FMF patients compared to 
healthy controls, highlighting the potential of miRNAs 
as diagnostic and prognostic markers.

In conclusion, the dysregulation of miRNAs in 
FMF underscores their multifaceted roles in disease 
pathogenesis, treatment response, and inflammation. 
Further elucidation of miRNA-mediated mechanisms 
holds significant promise for the development of novel 
therapeutic strategies and personalized approaches for 
managing FMF. Additionally, the utility of miRNAs 
as biomarkers offers valuable insights into disease 

monitoring and prognosis, paving the way for improved 
clinical management of FMF patients.

Novel Therapies in FMF 
Colchicine, a medication derived from the autumn 
crocus plant, has indeed been employed for centuries in 
treating various conditions, including gouty arthritis. Its 
mechanism of action was elucidated in the 1960s, and 
its effectiveness in treating FMF. Since its recognition 
as the treatment of choice for FMF in 1974, colchicine 
has transformed the management of this condition (66). 
Colchicine is subject to usage constraints owing to its 
narrow therapeutic index and the possibility of adverse 
effects. Gastrointestinal disturbances are prevalent, 
with about one-third of patients experiencing partial 
remission, while 5–10% do not respond to treatment 
(66).

The approval of novel IL-1 antagonists, such as 
canakinumab and anakinra, alongside the accumulated 
experience with alternative medications in targeted 
treatment contexts, is broadening the therapeutic 
repertoire available for managing FMF (66-68). 
Canakinumab has been found effective in controlling 
and preventing flares in patients with colchicine-resistant 
FMF (68).

The safety and efficacy of RIST4721, an oral antagonist 
of acidic CXC chemokine receptor 2 (CXCR2), in 
FMF subjects, is being investigated in a phase 2 study 

Study Findings

Latsoudis et al. (2017) (62)
Higher expression of miR-4520a in FMF patients, targeting RHEB involved in 
autophagy regulation.

Akkaya-Ulum et al. (2017) (63)
Differential expression of miRNAs related to inflammatory pathways in FMF 
patients with MEFV mutations.

Akkaya-Ulum et al. (2021) (58)
Overexpression of miR-197-3p in FMF patients, exhibiting anti-inflammatory 
effects by targeting IL-1R1.

Karpuzoglu et al. (2021) (73) Dysregulated expression of miRNAs involved in apoptosis in FMF children.

Abdelkawy et al. (2021) (65)
Evaluation of miR-181a and miR-125a as potential biomarkers of inflammation in 
FMF patients.

Table 5. Studies Investigating miRNA Expression in FMF Patients

Key Findings Implications
Dysregulated miRNA expression in FMF patients Insight into molecular mechanisms underlying FMF pathogenesis.
Identification of miRNAs targeting inflammatory 
pathways Potential therapeutic targets for modulating inflammation in FMF.
Association between miRNA expression and 
treatment response

Understanding mechanisms of action of colchicine and other 
treatments in FMF.

Dysregulated miRNAs in apoptotic pathways in FMF 
children

Implications for disease progression and potential therapeutic 
interventions.

Evaluation of miRNAs as biomarkers of inflammation 
in FMF

Potential diagnostic and prognostic markers for monitoring disease 
activity.

Table 6. Key Findings and Implications of miRNA Studies in FMF

FMF; Familial Mediterranean Fever methylation, RHEB; ras homolog enriched in brain, miRNA; microRNA
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(69). Due to the proven role of TNF-α’s involvement 
in FMF, studies have promised that TNF-α blockade 
agents like infliximab, etanercept, and adalimumab may 
demonstrate favorable outcomes in managing FMF 
attacks (70). Although FMF patients show alterations in 
the gut microbiota, the therapeutic role of a commercial 
probiotic formulation, Lactobacillus acidophilus INMIA 
9602 Er-2 strain 317/402 (Narine), did not improve the 
quality of life and crisis onset in FMF patients, hence 
the need for additional investigations in this context 
(71). The potential role of CRISPR-Cas9 gene editing 
technology in various diseases such as rheumatoid 
arthritis, inflammatory bowel disease, systemic lupus 
erythematosus, multiple sclerosis, type 1 diabetes 
mellitus, psoriasis, and coeliac disease has been 
investigated recently (54). CRISPR-Cas9 may represent 
its immunomodulatory effects by regulating cytokines 
like IL-1, IL-36, and TNF-α, as well as T cell-related 
factors. However, these studies have remained in an 
experimental model (54,72).

CONCLUSION
The exploration of epigenetic mechanisms in FMF has 
revealed intricate regulatory pathways that contribute to 
the disease’s pathogenesis and clinical manifestations. 
DNA methylation and histone modifications, two 
major epigenetic processes, play pivotal roles in gene 
expression regulation and chromatin remodeling, 
thereby influencing various aspects of FMF.

Studies have highlighted the involvement of DNA 
methylation in modulating the expression of the 
MEFV gene, which encodes the pyrin protein. While 
inconsistencies exist regarding the correlation between 
MEFV methylation and disease severity, emerging 
evidence suggests a potential link between MEFV 
methylation status and patient response to colchicine 
treatment. Additionally, investigations into the epigenetic 
regulation of inflammasome components, such as 
NLRP13 and NLRP3, have unveiled novel insights into 
FMF pathophysiology.

Moreover, histone modifications, including methylation, 
acetylation, and phosphorylation, have been implicated 
in the activation of the NLRP3 inflammasome and 
the regulation of inflammatory responses in FMF. 
Although research on histone modifications in FMF 
remains limited, insights from related autoimmune and 
autoinflammatory disorders provide valuable directions 
for future investigations.
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