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Abstract Familial Mediterranean fever (FMF) is an inherited
autoinflammatory disorder that can result in attacks with ac-
companying recurrent episodes of fever, serositis, and skin
rash. MiRNAs are demonstrated to be associated with a num-
ber of other diseases; however, no comprehensive study has
revealed its association with FMF disease. The aim is to in-
vestigate the role of microRNAs in FMF. We included 51
patients with genetically diagnosed FMF who had clinical
symptoms and 49 healthy volunteers. Fifteen miRNAs that
were found to be associated with autoinflammatory diseases
and have a part in immune response were evaluated. The
expression levels of 11 miRNAs (miR-125a, miR-132, miR-
146a, miR-155, miR-15a, miR-16, miR-181a, miR-21, miR-
223, miR-26a, and miR-34a) in the patient group were signif-
icantly low, compared with the control group (p <0.05). The
patient group was analyzed and compared within itself, and
the expression levels of 5 miRNAs (miR-132, miR-15a, miR-
181a, miR-23b, miR-26a) in the patients who took colchicine
seemed to have increased and levels of 5 miRNAs (miR-146a,
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miR-15a, miR-16, miR-26a, miR-34a) in the patients who
took colchicine were significantly lower (p <0.05).
Furthermore, the attack patients were compared with the con-
trol group, and their expression levels of 4 miRNAs (miR-
132, miR-15a, miR-21, miR-34a) were significantly lower
(p<0.05). Levels of 9 miRNAs (miR-132, miR-146a, miR-
15a, miR-16, miR-181a, miR-21, miR-223, miR-26a, miR-
34a) in non-attack patients decreased significantly (p < 0.05).
Our study demonstrates that miRNAs could be effective in the
pathogenesis of FMF.

Keywords Familial Mediterranean fever - MEFV -
MicroRNA

Introduction

Familial Mediterranean fever (FMF) is an autosomal recessive
autoinflammatory disease [1, 2]. The MEFV is encoding the
Pyrin protein which controls inflammation. The mutation of
MEFV gene results with inflammation and clinical manifes-
tations are caused by pyrin dysfunction. It has been suggested
that a physiological consequence of FMF-associated muta-
tions causes an increase in IL-1b production through cas-
pase-1, in which the mechanism is based on the direct inter-
action of the PRP/SPRY region of the pyrin protein with
caspase-1 [3]. Interestingly, pyrin was shown to act both as
an inhibitor and as an activator of IL-1b [3]. In addition to this,
pyrin mutations have also been shown to be responsible for
increased NLRP3-dependent IL-1b secretion [4]. Moreover,
PRY/SPRY mutations have been shown to inhibit autophagic
degradation of NLRP through the pyrin, contributing to the
FMF-associated inflammatory phenotype with IL-1b re-
sponses [5]. In the light of this information, modeling data
indicated that it is still unclear how several MEFV mutations
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lead to the proinflammatory phenotype of FMF, suggesting
that alternative pathogenic pathways leading to FMF needed
to be shown [5]. The vast majority of the clinically diagnosed
episodes are accompanied by recurrent fevers and serosal in-
volvement. Increases in leukocyte count, serum amyloid-A
(SAA), and acute phase reactants have also been detected
during attacks [6]. However, specific factors involved in the
triggering of attacks remain elusive [7]. Race, genetic predis-
position, and environmental factors have all been suggested in
the literature [8, 9]. The genotype-phenotype correlation in
FMF is not well understood. However, amyloidosis which is
the most important has often been reported to be associated
with a specific mutation in exon 10, M694V, especially at the
homozygous state [10, 11], while no specific genotype corre-
lation with the other symptoms has been reported [12].
Because the underlying molecular mechanism of FMF
etiopathogenesis is not yet fully understood, more recent stud-
ies have focused on immunological events in an attempt to
identify potential markers. FMF attacks are accompanied by
neutrophil-rich serosal inflammation [13]. Interleukin (IL)-1,
IL-6, IL-8, and tumor necrosis factor (TNF)-« levels of indi-
viduals were found to be higher during attacks [14, 15].
Colchicine therapy has been shown to suppress these cyto-
kines [16]. Since the clinic of FMF is suggested to be variable
depending on epigenetic conditions; microRNAs may be the
part of these epigenetic mechanisms. [17].

MicroRNAs (miRNA) are small, single-stranded, non-
coding endogenous RNA molecules ranging in length
from 19 to 25 nucleotides. They affect messenger RNA
(mRNA) through degradation and translational inhibition
[18], as well as playing an important role in the regula-
tion of transcriptional and posttranscriptional levels, par-
ticularly on cellular differentiation, proliferation, morpho-
genesis, metabolism, and apoptosis [19, 20]. miRNAs
have also been shown to regulate innate immune re-
sponses to inflammatory stimuli [21]. Through a number
of studies, their effect within the pathogenesis of inflam-
matory and autoimmune diseases such as rheumatoid ar-
thritis (RA), multiple sclerosis (MS), and systemic lupus
erythematosus (SLE) has been well documented. It has
also revealed that miRNAs have an important function
in the development of many cell types, including T and
B cell development and differentiation, monocyte-
neutrophil proliferation, and regulation of the release of
inflammatory mediators [21, 22].

The aims of this study were to identify miRNAs which
have the following:

Associations with FMF

A modulation effect on MEFV gene

An impact on phenotypic changes in disease progression
A relationship between the mutations detected in the
patients

b
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Patients and methods
Study design

In this cross-sectional study, patients were consecutively en-
rolled from three pediatric theumatology referral centers of
Izmir: Ege University Hospital, Dokuz Eyliil University
Hospital, and Behget Uz Children’s Hospital. Following col-
lection of venous blood samples from both patients and con-
trol group, RT-PCR was applied to evaluate miRNA expres-
sions. Two patients in the control group were excluded from
the study due to poor levels of miRNA expression in their
venous blood samples. miRNA expression differences were
evaluated in terms of the following criteria:

1. Identification of significantly dysregulated miRNAs in
FMF patients

2. miRNA expression level changes in relation to colchicine
treatment in FMF

3. The impact of age on identification of miRNAs

4. The impact of attacks on identification of miRNAs

5. Association of miRNAs with the laboratory parameters
playing a role in FMF

6. The effect of demographic characteristics on miRNAs

Patients

Fifty-one patients were included in the study. All patients were
diagnosed according to the Tell-Hashomer criteria, modified
by Livneh et al. [23]. A genetic analysis was performed on all
patients. Forty-nine healthy children were enrolled as a control
group. Inclusion criteria for the control group included having
no clinical findings of FMF disease, no family history of FMF,
no MEFV mutation, and being free of any active infection or
chronic health problem. Patients who could not be confirmed
genetically were excluded from the study. A background sheet
was also obtained on each patient; this included information
concerning age, gender, use of colchicine, and the state of
attack (Table 1). Twenty patients (39.2%) of the study group
were included before the colchicine treatment started at the
time of diagnosis, and the rest of the patients were already
receiving colchicine (Table 1). The study group was divided
into the groups based on the attack period and colchicine
treatment. The study protocol was approved by the local ethics
committee. Parents and children were informed about the pro-
cedure and written informed consent was obtained from the
participants prior to the study.

Mutation analysis

DNA was extracted from blood samples using a standard
method. Direct sequencing of the MEFV gene was performed
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Table 1  Patient demographics and characteristics Table 2 Mutation distributions of patient group
Mean age (years) 8.8+1.9 Mutation Genotype N (%)
Sex Female n(%) 22(43.1) Homozygous M694V 16 (31.1)
Male n(%) 26(56.9) E148Q 4(7.8)
Colchicine (+) n(%) 31(60.8) R202Q 2(3.9)
(=) n(%) 20(39.2) M6941 1(1.9)
Attack (+) n(%) 14(27.5) V726A 1(1.9)
(=) n(%) 37(72.5) M6801 1(1.9)
Compound heterozygous M680I + M694V 7 (13.8)
E148Q + M694 V 50.5)
as described previously [24]. Mutation distributions of pa- M694V/R202Q 7 (13.8)
tients group are given in Table 2. MO680I + V726A 1(1.9)
E251K/V726A 1(1.9)
RNA preparation and real-time PCR E148Q + K695R 1(1.9)
M694V/R202Q/E148Q 1(1.9)
Real-time RT-PCR was used to detect and quantify the M694V/R202Q/VT26A 1(1.9)
miRNA expression in the samples. Frozen material was E148Q/E230K/P369S 1(1.9)
thawed and RNA was extracted from the 10 mg of homoge- E148Q + R202Q + R7611 1(1.9)

nized sample using PureLink® RNA Mini Kit according to
the protocol for TRIzol-homogenized samples (Invitrogen).
The miRNeasy RNA isolation Kit (Qiagen, Hilden,
Germany) was used for the isolation and enrichment of
miRNAs in accordance with the manufacturer’s instructions.
TagMan® microRNA assay quantification was performed
using two-step RT-PCR. In reverse transcription process,
cDNA was obtained from total RNA samples in TagMan®
MicroRNA Reverse Transcription Kit using specific miRNA
primers. In the second step, PCR products were amplified
using TagqMan® MicroRNA Assay and TagMan® Universal
PCR Master Mix by LightCycler 480 (Roche, Mannheim,
Germany). The expressions of 15 miRNAs (miR-15a, miR-
146a, miR-155, miR-26, miR-21, miR-223, miR-16, miR-
181, miR-125a, miR-34a, miR-124a, miR-203, miR-346,
miR-132, miR-23b) were evaluated. The u6-snRNA was used
as a control to normalize differences in total RNA levels in
each sample. The relative amount of each miRNA to u6-
snRNA was expressed using equation 2-22", where
AAC, = (Cy mirna — Ct ue)- The value of each control sample
was set at 1 and was used to calculate the fold change in
targets.

Statistical analysis

For the statistical analysis, miRNA expressions were calculat-
ed by using RT2 Profiler PCR Array Software
(SABiosciences http://pcrdataanalysis.sabiosciences.com/
per/arrayanalysis. php) and a £ value < 0.05 was considered
statistically significant. The data was normalized by geometric
mean to the U6 snRNA expression and a threshold cycle (Cy)
cut-off was set at 35 cycles. miRNA expression interpreted
from C; of each miRNA was normalized to C; of U6 snRNA
(AC;=C; miRNA — C; U6 snRNA). Sample size (per group)

of 20 is required to ensure that at least 95% of genes have
power greater than 80% [25].

Results

There were 29 females and 22 males in the patient group and
28 females and 19 males in the control group. Mean age of the
patients was 105.9 +23.96 months (min 15, max 211) and
controls were 116.23 +8.18 months (min 22, max 213). No
significant difference considering age and gender was found
between the patients and the controls.

The mean age at time of diagnosis was 80.7
21.23 months. At time ofinclusion, 39.2% of the patients were
newly diagnosed, while 60.8% were the previously diagnosed
patients under follow-up.

The most common clinical finding was fever (86.3%); the
second was abdominal pain (80.4%), with 74.5% of patients
having both abdominal pain and fever symptoms. Other fairly
prominent symptoms included joint pain (49%), muscle pain
(11.8%), chest pain (9.8%), and rash (7.8%).

The most frequent MEFV mutation was M694V mutation
in the patient group. Homozygote M694V mutation and com-
pound heterozygote M694V mutation were detected in 31.2
and 41.1% of patients, respectively. At time of study, 27.5%
were in active stages of FMF attack, while 72.5% were in
attack-free period. The attack-free period was defined as “at
least 2 weeks after an attack”. Among the patients, 51% were
using colchicine while 49% had no history of colchicine
usage.

Regarding laboratory parameters in the attack group, the
mean value of leukocyte count was 8823.3 + 856.3 cells/mm?>,
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erythrocyte sedimentation rate 34.6 + 10.1 mm/h, C-reactive
protein 6.8 +1.8 mg/dl, and serum amyloid-A 492.3 +
152.8 mg/L. For the attack-free group, the mean values were
leukocyte count 7936 +408.27 cells/mm’, erythrocyte sedi-
mentation rate 25.6 5.6 mm/h, C-reactive protein 2.97 +
0.86 mg/dL, and serum amyloid-A 94.5 + 68.3 mg/L.

Expression levels from 11 of 15 miRNAs were found to be
significantly decreased in the study group (Table 3), (Fig. 1).

In comparison to the control group, colchicine-treated pa-
tients revealed statistically significant differences in miR-132,
miR-15a, miR-21, miR-26a, and miR-34a (p < 0.05).

When the group using colchicine treatment was compared
to groups who were not, miR-132, miR-15a, miR-181a, miR-
23b, and miR-26a delta delta C; values were statistically sig-
nificant (p < 0.05) (Table 4), (Fig. 2).

To determine the effect of different miRNAs in relation to
age, patients were sub-divided into 3 groups: group 1: patients
younger than 60 months old (17.6%), group 2: patients be-
tween 61 and 120 months old (19.6%), and group 3: patients
older than 121 months old (62.7%). Patient subgroups were
compared with the age-matched control subgroups and there
was no statistically significant difference between group 1 and
control group in terms of delta delta C; values (p > 0.05).
However, when groups 2 and 3 were compared to the control
group, statistically significant differences were detected re-
garding delta delta C; values of miR-146a, miR-155, miR-
16, miR-26a, and miR-34a in group 2 and miR-125a, miR-
132, miR-146a, miR-155, miR-15a, miR-16, miR-181a, miR-
21, miR-223, miR-26a, and miR-34a in group 3 (p <0.05).
When comparisons were made according to mutation type,
attack status, and biochemical parameters including acute

phase reactants, no significant difference in expressed
miRNA was detected.

Discussion

The aim of the study was to evaluate the associations of cer-
tain miRNAs with some characteristics of FMF in this study.
The results of this study revealed that expression levels of 11
miRNAs were significantly lower in FMF patients compared
to healthy controls.

It has been reported that miRNAs are involved in a wide
range of biological processes and diseases. The groups of
collagen diseases particularly rheumatoid arthritis, systemic
lupus erythematosus, Sjogren’s disease, and osteoarthritis are
some which come to mind [26-34]. Increased levels of miR-
155, avery well-known miRNA in many metabolic pathways,
have been found in RA and JIA, while decreased levels are
seen in SLE [27]. The effects of MiR-155 have been reported
as suppression and/or regulation of molecules such as matrix
metalloproteinase, protein phosphatase 2A, TLR ligands, and
IL-2 [27]. It can be speculated that FMF and SLE may have
common etiopathogenesis mechanism associated with miR-
155.

miR-146a, another miRNA, has been widely studied in
relation to connective tissue disorders. Pauley et al. suggested
a possible mechanism contributing to RA pathogenesis, its
upregulation followed by TNF-o production [28]. In studies
performed on mice, investigating altered expressions of
miRNAs in the central nervous system and its association with
chronic knee joint pain in osteoarthritis, Li et al. showed that a

Table 3 The miRNA expression

levels of the control group (group Average C; Average delta C; Delta delta C:

1) and patients (group 2)
MiRNA Groupl  Group2 Groupl Group2  Group 1 Group2 pvalue Fold change
RNU48 24.86 26.68 0 0 1 1 0 1
miR-125a 27.58 30.55 2.72 3.88 0.1514 0.0680 0.01 0.45
miR-132 28.75 31.95 3.89 5.28 0.0674 0.0258 0 0.38
miR-146a 28.05 32.29 3.19 5.61 0.1094 0.0204 0 0.19
miR-155 27.96 31.68 3.10 5.00 0.1165 0.0311 0.02 0.27
miR-15a 25.8 29.29 0.94 2.62 0.5210 0.1629 0 0.31
miR-16 18.11 22.74 -6.75 -3.94 107.6982  15.3398 0 0.14
miR-181a  25.69 29.03 0.83 235 0,5618 0,1960 0 0.35
miR-203 33.99 34.92 9.132 8.25 0.0018 0.0033 0.31 1.85
miR-21 31.42 34.53 6.56 7.86 0.0106 0.0043 0 0.41
miR-223 22.13 25.83 -2.73 -0.84 6.6326 1.7944 0.01 0.27
miR-23b 32.53 34.12 7.67 7.45 0.0049 0.0057 0.07 1.17
miR-26a 22.94 27.4 -1.91 0.72 3.7692 0.6068 0 0.16
miR-346 32.07 3322 7.21 6.54 0.0067 0.0107 0.152 1.59
miR-34a 30.22 33.95 5.36 7.27 0.0242 0.0065 0 0.27
miR-124a 26.86 28.28 2.00 1.60 0.2498 0.3298 0.306 1.32
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Fig. 1 Box plots of significant miRNAs according to AAC; values in patient and control group

reduction of miR-146a expression results in an increase in
inflammatory cytokines. It has been suggested that miR-
146a might offer a protective anti-inflammatory effect in os-
teoarthritis [29]. However, in studies related to miR-146a in
RA [30], conflicting results were revealed. In our study, miR-
146a expression decreased in the FMF patient group when
compared to control group. A decrease in expression of

miR-146a and a negative regulatory effect on IL-13-induced
inflammation associated with endogenous inflammation in
FMF is supported by our findings.

miR-223 is thought to have important roles in the regula-
tion of NLRP3 in neutrophils [31]. Downregulation of miR-
223 by IL-6 has been reported to support IL-13 and IL-6
production [32]. It has been shown that miR-223, miR-15a,
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Table 4 miRNA expressions

according to the colchicine Average C; Average delta C; Delta delta C;

treatment (group 1 shows patients

under colchicine treatment and miRNA Groupl  Group2 Groupl Group2 Groupl Group2 pvalue Fold change

group 2 shows patients without

colchicine treatment) miR-132 317 3221 4.7565 5.8184 0.0369 0.0177 0 2.09
miR-15a 29.03 29.57 2.0842 3.1716 0.2358 0.1109 0.013 2.12
miR-181a  28.74 29.33 1.79153 2.932 0.2888 0.1310 0.001 2.20
miR-23b 33.89 34.37 6.9446 7.9708 0.0081 0.0039 0.002 2.04
miR-26a 27.16 27.65 0.2115 1.25 0.8636 0.4204 0.002 2.05

and miR-16 play roles in the downregulation of the NF-kB
signaling pathway and show effects as NF-kB kinase inhibi-
tors (IKK o) [33]. Reduced expression of miR-223 has been
previously shown to increase the proinflammatory cytokine
response and our study confirmed these findings with de-
creased expression of miR-223 in patients with FMF.
Several studies in the literature do contradict our results,
reporting increased expression of miR-223 in peripheral T
cells and synovium of patients with RA [34]. However, this
difference may be attributed to the fact that miR-223 regulates
RA and FMF through different pathways.

Downregulated miR-15a and miR-16 expressions may
have an effect on NF-«kB signal with resulting inflammation
in FMF patients, confirming what our results showed. Pauley
et al. have demonstrated that elevated miR16 expression in
mononuclear cells of RA patients (compared to healthy

volunteers) is indicative of miR-146a and miR-16 being dis-
ease activity indicators [28].

In our study, when comparing patients undergoing colchi-
cine treatment to those who were not, expression of miR-15a
was shown to have increased. It is known that colchicine, the
primary drug used in the treatment of FMF disease, has anti-
inflammatory, apoptotic, antimitotic, and anti-fibrotic effects.
The suppressed inflammation in patients using colchicine
could partly be attributed to the increased expression of
miR-15a.

miR-125a is a type shown to be expressed in T cells. It has
been shown that Kruppel-like factor 13 (KLF13) and tumor
necrosis x-induced protein 3 (TNFAIP3) are negative regula-
tors, inhibiting the secretion of inflammatory chemokine
RANTES and supporting the NF-kB pathway [35]. Reduced
expression of miR-125a in lupus T cells has been reported in
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Fig. 2 Box plots of significant miRNAs according to AAC; values in colchicine-treated and non-colchicine-treated patients
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conjunction with decreased inhibitor activity on KLF13 and
an increase in RANTES, an inflammatory chemokine [35]. In
our study, we found that miR-125a expression had decreased
in FMF patients when compared to the healthy control group,
confirming previously published SLE patient studies.

PDCD4 (Programmed cell death protein 4) is a proinflam-
matory protein that suppresses IL-10 and is supported by the
NF-kB pathway. It is known that miR-21 inhibits NF-kB ac-
tivation thereby suppressing PDCD4 and leading to an in-
crease in IL-10 production [36]. When there is increased
miR-21 expression via TLR (Toll-like receptor), excessive
inflammatory cytokine production is prevented by negative
feedback. A decreased expression of miR-21 in our patients
supports those findings. Previous studies, however, have also
shown conflicting results for miR-21. In RA and SLE patients
[37], for example, an increase was shown. It can be speculat-
ed, therefore, that varying expression patterns across different
disease groups may be directly affected by pathway usage.

One of the first miRNAs proven to play a role in the de-
velopment of immune cells was miR-181a. Studies by
Lashine et al. showed decreased miR-181a expression in pe-
diatric SLE patients. However, no difference was noted be-
tween the control group and FMF patients in that study [38].
In another study concerning miR-181a, Okuhara et al. showed
that expression of miR-181a in mononuclear cells of osteoar-
thritic (OA) patients had increased [39]. In our study, miR-
181a expression decreased in patients with FMF when com-
pared to healthy control group and was found to have in-
creased when compared with patients not receiving colchicine
therapy. While the expression of miR-181a is thought to be
negatively correlated with severity of inflammation, it remains
unclear through which pathway this expression is actually
carried out.

Studies by Gandhi et al. and Tufekci et al. have shown that
miR-34a is upregulated in multiple sclerosis (MS) active le-
sions [40, 41]. Niederer et al. also reported that miR-34a is
downregulated in patients with RA and OA’s synovium [42].
In our study, we found decreased miR-34a expression in FMF
patients when compared to healthy controls.

miR-132 is an miRNA which has received very little atten-
tion in the literature in terms of connective tissue disorders. Of
its association with inflammation, it is known to offer anti-
inflammatory effects through the TLR4-NFkB-TNF-a/IL1B
signaling pathway. Murata et al. showed that miR-132 expres-
sion had decreased in the plasma samples of OA patients. [43].
Decreased miR-132 expression levels of FMF patients in our
study, therefore, may be attributed to the anti-inflammatory
reducing effect of this miRNA.

Previous studies have shown that miR-26a is an IL-6 relat-
ed miRNA. IL-6 is responsible for the regulation of Th17/Treg
balance and is believed to be responsible for relapse in MS
patients. Zhang et al. emphasized that the reduction of miR-
26a expression in MS patients, when compared to remittent

and healthy subjects, is inversely linked to disease activation
[43]. Increased miR-26a expression in the colchicine users of
our study supports these findings. Because miR-26a expres-
sion had decreased in our patient group, it can be speculated
that this miRNAs causes inflammation to be triggered through
different pathways.

It has been reported by Zu et al. that miR-23b inhibits
TNF«, IL-17, and NF-KB, while at the same time being
downregulated in the inflammatory lesions of SLE and RA
patients [44]. In our study, there was no significant expression
difference between the patient and control group. The expres-
sion of miR-23b, however, was found to have increased in
patients who were using colchicine when compared to patients
who were not.

Our study is one of the pioneer studies that comprehensive-
ly investigate the miRNA association with FMF. There are
only two studies related with FMF and circulating miRNAs
published so far. Recently, Latsoudis et al. showed the expres-
sion change of miR-4520a in FMF patients and they sug-
gested that RHEB which has an important role in FMF by
being activator of mTOR signaling is a target of this
miRNA. This result supported the view of miRNAs’ interac-
tion in FMF etiopathogenesis [45]. In the other study related to
the subject, the scientist showed that expression patterns of
circulating miRNAs differ among FMF subgroups based on
MEFV mutations between FMF episodes [46].

The biggest limitation in our study was the limited number
of available patients. It is known that inflammation is more
severe during the attack period. There is a need to increase the
number of patients in order to better understand the associa-
tion of miRNA within the attack period.

Conclusion

The lack of comparable studies investigating miRNA associ-
ations with FMF disease has also limited our ability to fully
interpret our data. However, the number of studies related to
the impact of miRNA’s on collagen tissue disorders has in-
creased rapidly in recent years and there are positive develop-
ments in the use of these molecules in the diagnosis, monitor-
ing, and treatment of diseases. The importance of miRNA’s in
the pathogenesis of disease is slowly being realized but the
journey is only just beginning.

To better understand the relationship of these miRNAs with
FMF in terms of pathogenesis and phenotype/genotype corre-
lation, further in depth studies must be added to the literature.

Compliance with ethical standards The current study received ethical
approval from the university’s departmental ethics committee.

Disclosures None.
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