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ARTICLE INFO ABSTRACT

Keywords: Familial Mediterranean Fever (FMF) is a hereditary fever syndrome that primarily affects Mediterranean po-
FMF pulations. For the study, total number of 182 patients with FMF disease were enrolled and screening of a panel of
Fever panel genes , called “fever panel” which comprises 17 genes, was performed. The most common mutations in MEFV
MEFV . ) gene were homozygous M694V missense mutation (4.3%) and R202Q missense mutation (4.9%). The most
Next-generation sequencing common heterozygous mutations were R202Q (26.5%), M694V (25.9%) and E148Q (11.9%). Compound het-
erozygous and homozygous mutations were also detected. Also, different types of mutations were identified in
NOD2, CARD14, NLRP12, NLRP3, NLRP7, ILIRN, LPIN2, TNFRSF1A, MVK and PSTPIP1 genes. Two novel mis-
sense variations in the MEFV gene, GIn34Pro and Ile247Val, which have not been previously reported in the
databases, were identified. Also, Thr91Ile missense variation in the NOD2 gene, Gly461Cys missense variation in
NLRP3 and Tyr732Stop nonsense variation in LPIN2 were firstly identified. The results of the current study
suggest that in addition to the MEFV gene which has an important roles in FMF, molecular screening of other
genes related to other autoinflammatory diseases might provide support in suspected cases and provide detailed

information about the course of the disease.

1. Introduction

Familial Mediterranean Fever (FMF; MIM 249100) is an autosomal
recessive, autoinflammatory disease which is frequently seen in popu-
lations of Mediterranean origin. FMF is characterized by recurrent
fever, peritonitis, pleuritis, arthritis and erysipelas-like skin lesions
[1,2]. Although FMF is an autosomal recessive disease, individuals with
heterozygous mutations have also shown to exhibit the classic symp-
toms of the disease [3]. FMF primarily affects populations of Medi-
terranean countries such as Turkey, Syria, Armenia, Tunisia, Morocco,
Israel, Iran, Greece and Italy. FMF is accompanied by a significant re-
duction in daily life quality due to the recurrent attacks of fever and
subclinical inflammation in the attack-free periods. Untreated patients
or patients who have not received adequate treatment are under risk of
developing amyloidosis causing renal failure, which is a leading cause
of morbidity and mortality [4].

Identification of mutation in MEFV gene is an important factor
supporting the diagnosis in the patient whose clinical findings are

compatible with FMF [5]. Another finding that supports the diagnosis is
the increase in acute phase reactants, which are known to increase in
inflammatory events during attack periods. C-reactive protein (CRP),
erythrocyte sedimentation rate, fibrinogen and leukocyte count in-
crease in attacks. In addition, serum amyloid-A (SAA), ceruloplasmin,
haptoglobulin and some cytokines have been reported to increase
during the attack period [6].

MEFV (MEFV innate immuity regulator, pyrin) gene, which is re-
sponsible from the disease, is located on chromosome 16p13.3 region
and consists of ten exon regions [7]. The MEFV gene encodes “pyrin”, a
781 amino acid long protein involved in the regulation of inflammation
and apoptotic processes [8,9]. Pyrin forms an element of the NLRP3
inflammatory inflammasome complex, which regulates the production
of pro-inflammatory cytokine interleukin-13 (IL- 13) [9]. FMF can
therefore be classified as an inflamasomepathy [10]. To date, more than
100 mutations and more than 330 sequence variants have been iden-
tified in the MEFV gene. The majority of these variations are located in
exon 2 and 10. Four missense mutations detected in exon 10 (M680I,
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Table 1
Genes analyzed with next-generation sequencing in the “fever panel”.
No Symbol Full name Associated disease Location  Ensembl ID
1 MEFV MEFV, innate immuity regulator, pyrin Familial Mediterranean Fever 16p13.3 ENSG00000103313
2 LPIN2 Lipin 2 Majeed syndrome 18p11.31 ENSG00000101577
3 ELANE Elastase, neutrophil expressed Cyclic neutropenia 19p13.3  ENSG00000197561
4 MVK Mevalonate kinase Mevalonate kinase deficiency 12g24.11 ENSG00000110921
5 NLRP3 NLR family pyrin domain containing 3 Neonatal Onset Multisystem Inflammatory Disease 1q44 ENSG00000162711
Muckle-Wells syndrome
Familial Cold Autoinflammatory Syndrome
6 PSTPIP1 Proline-serine-threonine phosphatase interacting Pyogenic Sterile Arthritis, Pyoderma Gangrenosum, And Acne, PAPA 15q24.3  ENSG00000140368
protein 1 Syndrome
7 TNFRSF1A TNF receptor superfamily member 1A TNF receptor-associated periodic fever syndrome (TRAPS) 12p13.31 ENSG00000067182
8 ILIRN Interleukin 1 receptor antagonist Osteomyelitis, Sterile Multifocal, With Periostitis And Pustulosis 2q14.1 ENSG00000136689
9 NLRP12 NLR family pyrin domain containing 12 Familial Cold Autoinflammatory Syndrome 19q13.42 ENSG00000142405
10 NOD2 Nucleotide binding oligomerization domain Blau Syndrome, Yao Syndrome, Crodn Disease, Cancer 16ql12.1 ENSG00000167207
containing 2
11 CARD14 Caspase recruitment domain family member 14 Familial Pityriasis Rubra Pilaris 17q25.3  ENSG00000141527
Generalized Pustular Psoriasis
Psoriatic Arthritis
12 NLRP7 NLR family pyrin domain containing 7 Hydatidiform Mole 19g13.42 ENSG00000167634
13 TNFRSF11A TNF receptor superfamily member 11a Osteopetrosis 18q21.33 ENSG00000141655
Paget disease of bone
14 IL1I0RA Interleukin 10 receptor subunit alpha Inflammatory bowel disease 28 11923.3  ENSG00000110324
15 CECR1 Adenosine deaminase 2, ADA2 Adenosine Deaminase 2 Deficiency 22q11.1 ENSG00000093072
16 IL10RB Interleukin 10 receptor subunit beta Inflammatory bowel disease 25 21q22.11 ENSG00000243646
17 PSMBS8 Proteasome subunit beta 8 Nakajo-Nishimura Syndrome 6p21.32  ENSG00000204264

M694V, M6941, and V726A) which account for approximately 75-85%
of MEFV gene mutations in the Mediterranean region [11,12]. The
number and types of mutations in the MEFV gene varies among popu-
lations. M694V mutation is most common among non-ascenazi Jews
and Turks. The most common MEFV gene mutation in Armenians is
M680L. In previous studies, it has been reported that V726A mutation is
common in Askenazi and Iraqi Jews and M694I mutation is common in
Arabs. M694V mutation has been reported to be the most common in
many studies conducted in Turkey [12].

Furthermore, significant advances have been made towards under-
standing and diagnosing the molecular basis of FMF through rapidly
developing molecular genetic methods. In particular, much broader
analyzes are performed instead of mutational analysis of a single gene
or certain regions of MEFV gene. More recently, in order to detect FMF
disease, a next generation sequencing (NGS) screening panel called
“fever panel” was created and the variations detected by screening all
regions of the 17 genes associated with autoinflammatory disease. In
particular, in this comprehensive study, we analyzed sequence varia-
tions of CARD14, LPIN2, NLRP3, NLRP7, NOD2, NLRP12, TNFRSF11A,
PSTPIP1, MEFV, TNFRSF1A, MVK, IL10RA, CECRI1, IL10RB, ILIRN,
PSMBS, and ELANE genes. The main objective of our study is to reveal
variations associated with the FMF disease and impact of these varia-
tions in the clinical course of FMF.

2. Materials and methods
2.1. Study population

The present study included 182 independent individuals with di-
agnosis of FMF who referred to Tekirdag Namik Kemal University
Health Application and Research Center between Between 1 January
2017 and 1 January 2019. Local ethical approval was obtained from the
Non-Interventional Clinical Research Ethics Committee of Tekirdag
Namik Kemal University in accordance with the Helsinki Declaration
(Protocol No: 2019.12.01.12). Data obtained from Medical Genetics
and Rheumatology clinics were used for genotype-phenotype compar-
isons.

2.2. DNA isolation

For the next generation sequencing screening, peripheral blood
samples of patients were obtained using standard Vacutainer tubes and
stored at —20 °C. DNA isolations were performed with QIAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany) according to the re-
commendations of the manufacturer. Measurements were performed in
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA) to determine the quantity and quality of the DNAs
obtained. DNA samples were preserved at —20 °C for further experi-
ments.

2.3. Sanger sequencing

Some of the patients included in the study were screened by Sanger
sequencing method. Only the 2nd and 10th exons of the MEFV gene
were screened. Briefly, primary amplification of the the regions were
achived using gene specific primers and subsequently enzymatic pur-
ification of amplified PCR products were performed using ExoSAP-IT
PCR Product Cleanup Reagent (Thermo Fisher Scientific, Waltham, MA,
USA). Following cleanup, sequence PCR was performed by using single
primer for the gene of interest and samples were run in 3130xl Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA).

2.4. Next-generation sequencing

For the analysis of “fever panel” in which sequence variations of
CARD14, LPIN2, NLRP3, NLRP7, NOD2, NLRP12, TNFRSF11A, PSTPIP1,
MEFV, TNFRSF1A, MVK, IL10RA, CECR1, IL10RB, IL1RN, PSMBS8, and
ELANE genes were screened (Table 1) by using next generation se-
quencing method and whole gene sequencing was performed. Briefly, a
library was created with the Sophia Genetics FAID Panel Kit (Sophia
Genetics, USA) for mutational screening of 17 genes in the “fever
panel”. Genomic DNA library preparation was achived by Custom
Bundle Solution by Sophia Genetics and then capture and sequencing
were performed. These operations were carried out in accordance with
the recommendations of the manufacturer. Finally, the NextSeq 500
was operated with the Denature and Dilute Libraries Guide (Illumina,
San Diego, California, USA). The results were analyzed by Sophia DDM
analysis program and mutation types and heterozygosity/homozygosity
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Table 2
Clinical and demographic chracteristics of patients.

Wild type (n = 66) Mutation (n = 116) Total (n = 182)

Age (Mean * SD) 36.97 * 12.15 33.88 = 11.41 35.00 + 11.74
Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%)

Gender Male 27 40.9 57 49.1 84 46.2
Female 39 59.1 59 50.9 98 53.8

Indications Abdominal pain 10 15.2 12 10.3 22 12.1
Joint pain 9 13.6 13 11.2 22 12.1
Arthritis 2 3.0 2 1.7 4 2.2
Heredofamilyal Amyloidosis 18 27.3 48 41.4 66 36.3
Amyloidosis 5 7.6 9 7.8 14 7.7
Inflammatory Spondylopathy 3 4.5 9 7.8 12 6.6
Other 19 28.8 23 19.8 42 23.1

Table 3
Distribution of mutations detected in MEFV gene in patients with FMF.

Mutation Type Nucleotide change Codon change Amino acid change rs ID Patients * (n) Frequency (%)

Homozygous Missense c.2040 G > A ATG > ATA p-Met680Ile 1528940580 2 1.1
Missense c.2080 A > G ATG > GTG p-Met694Val 1s61752717 8 4.3
Missense c.2082G > A ATG > ATA p-Met694lle 1528940578 1 0.5
Missense c605G > A CGG > CAG p-Arg202GIn 15224222 9 4.9
Heterozygous Missense ¢.1105C > T CCC > TCC p-Pro369Ser rs11466023 3 1.6
Missense c149C > T CCG > CTG p-Pro50Leu rs144716190 1 0.5
Missense c.2040G > A ATG > ATA p-Met680lle 1528940580 14 7.6
Missense c.2080A > G ATG > GTG p-Met694Val 1s61752717 48 25.9
Missense c.2084 A > G AAG > AGG p-Lys695Arg rs104895094 3 1.6
Missense c2282G > A ATG > ATA p.Arg761His 15104895097 5 2.7
Missense c2177T > C GTT > GCT p.Val726Ala rs28940579 9 4.9
Missense c.442G > C GAG > CAG p-Glu148GIn rs3743930 22 11.9
Missense c605G > A CGG > CAG p-Arg202Gln 15224222 49 26.5
Missense c101A > C CAG > CCG p-GIn34Pro Novel® 1 0.5
Missense c1223G > A CGG > CAG p-Arg408GIn rs11466024 2 1.1
Missense c739A > G ATT > GIT p-lle247val Novel! 1 0.5
Missense c1503C > T CGC > CGT p.Arg501Arg 1576464258 1 0.5
Missense c.1437C > G TTC > TTG p-Phe479Leu rs104895083 1 0.5
Missense c.501G > C GAG > GAC p-Glul67Asp rs104895079 1 0.5
Missense C443A > T GAG > GTG p.Glul48Vval rs104895076 1 0.5
Missense c.311C > G TCC > TGC p-Ser104Cys 15151306047 1 0.5
Missense c.586G > T GGG > TGG p.Gly196Trp rs104895179 1 0.5
Missense c329T > C CTG > CCG p.Leul10Pro rs11466018 1 0.5
Mutation type Nucleotide change Amino acid change Patients "(n)  Frequency (%)
Compound heterozygotes c.2040G > C; c.2080A > G; 605G > A p-Met680Ile; p.Met694Val; p.Arg202GIn 4 5.9
c.2080A > G;c.442G > C p-Met694Val; p.Glu148GIn 6 8.8
c.2080A > G; c.442G > C; 605G > A p-Met694Val; p.Glu148Gln; p.Arg202GIn 5 7.4
c.2080A > G; 605G > A p-Met694Val; p.Arg202GIn 13 19.1
c.1105C > T; ¢.1223G > A;c.1503C > T p-Pro369Ser; p.Arg408Gln; p.Arg501Arg 1 1.5
¢c.1105C > T; c.1223G > A p.Pro369Ser; p.Arg408GIn 1 1.5
¢c.2177 T > C; c.2080A > G p-Val726Ala; p.Met694Val 11 16.2
c.2177 T > C;¢.2040G > C p-Val726Ala; p.Met680Ile 3 4.4
c.2080A > G; c.2082G > A p-Met694Val; p.Arg761His 3 4.4
¢.2040G > GC; c.442G > C p-Met680Ile; p.Glu148GlIn 4 5.9
c.1437C > G, ¢.2177 T > C, ¢.501G > C p-Phe479Leu; p.Val726Ala; p.Glu167Asp 1 1.5
c.1105C > T; c.1223G > A p-Pro369Ser; p.Arg408GIn 1 1.5
¢.2040G > C, c.2080A > G p-Met680Ile; p.Met694Val 1 1.5
c.2080A > G, c.442G > (C;¢c.329T > C p-Met694Val; p.Glu148Gln; p.Leul10Pro 1 1.5
c.2084A > G, c.2080A > G, c.605G > A p.Lys695Arg; p.Met694Val; p.Arg202GIn 2 2.9
C.586G > T, c.605G > A p-Gly196Trp; p.Arg202GIn 1 1.5
c.2040G > C,c443A > T p-Met6801le; p.Glul48Val 1 1.5
c.442G > C, 605G > A p-Glu148Gln; p.Arg202Gln 1 1.5
Compound homozygotes c.2080A > G; 605G > A p-Met694Val; p.Arg202GIn 5 7.4
Complex genotype (Homozygotes/heterozygotes)  ¢.2080A > G; 605G > A p-Met694Val; p.Arg202Gln 3 4.4

The bold letters indicate nucleotide change.

@ Since more than one mutation is detected in a patient, the number of patients is different. Only those with a homozygous or heterozygous mutation are included.

> Only samples with compound heterozygotes, compound homozygotes, and complex genotypes were included.

¢ A novel variation in the MEFV gene was found in the region between rs767848974 (c.99 G > A; GTG > GTA; p.Val33Val) and rs1310258078 (c.102 G > A;
CAG > CAA; p.GIn34Pro).

4 ¢.739A > G; ATT > GTT, p.Ile247Val heterozygous missense variation, which is found in the same location with rs1472692347 (c.739 A > C; ATT > CTT;
p.Ile247Leu), was detected in the MEFV gene.
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Table 4
Distribution of mutations detected in fever panel genes in patients with FMF.

Genomics xxx (Xxxx) XxXx—xxx

Gene Nucleotide change Codon change Amino acid change Zygosity Mutation type rs ID Patientes (n) Frequency® (%)
NOD2 c271A > G ACC > GCC p.Thr91lAla Heterozygous Missense Novel” 1 0.9
NOD2 c.2722G > C GGC > CGC p.Gly908Arg Heterozygous Missense 152066845 4 3.4
NOD2 c.2555A > G AAC > AGC p.Asn852Ser Heterozygous Missense 15104895467 1 0.9
NOD2 c315G > T GCG > GCT p.Alal05Ala Heterozygous Synonymous rs104895419 1 0.9
NOD2 ¢.3017 dupC/ CTT > CCTIT p.Leul007Profs Heterozygous Frameshift 152066847 2 1.7
CARD14 c2648G > A CGC > CAC p.Arg883His Heterozygous Missense 152289541 1 0.9
CARD14 c.956G > A CGA > CAA p.Arg319GIn Heterozygous Missense 15138991161 1 0.9
CARD14 c.2044C > T CGG > TGG p.Arg682Trp Heterozygous Missense rs117918077 1 0.9
CARD14 c1264 G > A GAG > AAG p.Glu422Lys Heterozygous Missense 1561751629 1 0.9
CARD14 c526 G > C GAC > CAC p.Aspl76His Heterozygous Missense 15144475004 1 0.9
CARD14 c1583T > C CTA > CCA  p.Leu528Pro Heterozygous Missense Novel® 1 0.9
NLRP12 c779C > T ACG > ATG p.Thr260Met Heterozygous Missense 15150280940 1 0.9
NLRP12 c.2788G > A GCC > ACC p.Ala930Thr Heterozygous Missense 15146368839 1 0.9
NLRP12 c1054C > T CGT > TGT p.Arg352Cys Heterozygous Missense 15199881207 1 0.9
NLRP3 c.2113C > A CAG > AAG p.GIn705Lys Heterozygous Missense 1535829419 4 3.4
NLRP3 c598G > A GTG > ATG p.Val200Met Heterozygous Missense rs121908147 2 1.7
NLRP3 c1381G > T GGC > TGC p.Gly461Cys Heterozygous Missense Novel* 1 0.9
NLRP7 c1614T > A TTT > TTA  p.Phe538Leu Heterozygous Missense 15200193926 1 0.9
ILIRN c78G > A ACG > ACA pThr26Thr Heterozygous Synonymous 152232353 1 0.9
IL1RN c316 G > A GCC > ACC p.Alal06Thr Heterozygous Missense 1545507693 1 0.9
LPIN2 c1786 G > A GGT > AGT p.Gly596Ser Heterozygous Missense 1s769806854 2 1.7
LPIN2 c.1510C > T CIT > TTT p.Leu504Phe Heterozygous Missense rs104895500 2 1.7
LPIN2 c.2196C > G TAC > TAG p.Tyr732Stop Heterozygous Nonsense Novel® 1 0.9
LPIN2 c1876C > T CCC > TCC  p.Pro626Ser Heterozygous Missense rs150806357 1 0.9
TNFRSFIA ¢362G > A CGG > CAG p.Argl21Gln Heterozygous Missense 154149584 2 1.7
TNFRSF1A ¢.878_895del TCACCTCCAGCTCCACCT Heterozygous Frameshift 15775216961 1 0.9
TCACCTCCAGCTCCACCT
TNFRSF1IA ¢123T > G GAT > GAG p-Asp41Glu Heterozygous Missense 15104895271 1 0.9
MVK c118C > T CGG > TGG p.Arg40Trp Heterozygous Missense 1s1055952433 1 0.9
PSTPIP1 c.203C > T ACG > ATG p.Thr68Met Heterozygous Missense rs201872851 2 1.7
PSTPIP1 c.262G > A N/A Non Coding Transcript Heterozygous 15534702768 1 0.9
Variant
IL10RA c.1235G > A CGG > CAG p.Arg412Gln Heterozygous Missense 15117423374 1 0.9
IL1I0RA c.1072G > A GAC > AAC p.Asp358Asn Heterozygous Missense 1578753252 1 0.9
ELANE ¢.225_239delAAACGTGG AAACGTGG (Deletion) Heterozygous Frameshift Novel’ 1 0.9

The bold letters indicate nucleotide change.
% Frequencies were calculated for 116 patients with mutations.

> A novel variation in the NOD2 gene was found in the region between rs771336423 (c.270C > T; GAC > GAT; p.Asp90Asp) and rs1356111500 (c.272C > T;

ACC > ATGC; p.Thr91Ile).

¢ A novel variation in the CARD14 gene was found in the region between rs1424016462 (c.1582; CTA > ATA; p.Leu528Ile) and rs764792856 (c.1588A > G;

ACG > GCG; p.Thr530Ala).

4 In the NLRP3 gene, G > T novel variation was detected in the region at the same position (G > A, G > C) as rs939724059.
¢ In the LPIN2 gene, C > G novel nonsense variation close to the region rs761674505 (¢.2193G > C; CTG > CTC; p.Leu731Leu) was detected.
f A novel deletion in the ELANE gene was found in the region between rs1486125123 (indel CGCGCG) and rs1241337454 (intronic variation).

status were reported.

2.5. Statistical analysis

Descriptive statistical analyzes were used to determine the fre-
quencies and distributions of the data. Percentages and ratios were used
for the evaluation of categorical data, and mean and standard devia-
tions were used for the evaluation of continuous data. Chi-Square test
was used for the analysis of categorical variables. Pearson correlation
was used to determine the relationship between the variables. For all
results, p < .05 was considered statistically significant.

3. Results

Of the 182 patients, 84 (46.2%) of them were males and 98 (53.8%)
were females. In 66 (36.3%) patients, no mutation was detected,
whereas in 116 (63.7%) of the patients, different types of mutations
were detected (Table 2). The mean age of patients without genetic
variation and patients having genetic variation were 36.97 and 33.88,
respectively. Abdominal pain and joint pain were the most common
complaints in patients referred to our clinic. Demographic and clinical
chracteristics of patients were summarized in the Table 2.

3.1. Distribution of mutations in MEFV gene

Variations in the MEFV gene that are frequently mutated and as-
sociated with the clinical course of the disease are shown in Table 3.
The most common homozygous mutations were M694V missense mu-
tation (4.3%) and R202Q missense mutation (4.9%). Other common
variations were M680I (1.1%) and M694I (0.5%) missense mutations.
The R202Q (26.5%) missense mutation is the most common hetero-
zygote mutation, which is followed by M694V (25.9%) and E148Q
(11.9%) heterozygous mutations. Among the heterozygous variations, a
novel variation of Q34P [c.101A > C (CAG > CCG)] was detected in
a 27-year-old female patient. In addition, in a 44-year-old male patient,
an E148Q heterozygote mutation and a novel variation of 1247V [c.739
A > G (ATT > GTT)] in the MEFV gene and a P626S heterozygous
variation in the LPIN2 gene were detected (Table 3). M694V and R202Q
(19.1%) were the most common mutations among compound hetero-
zygotes mutations detected in MEFV gene. Following this, M694V,
E148Q, R202Q compound heterozygotes variation was found to be
second most common compound heterozygote variation. In this study,
compound homozygotes M694V; R202Q mutations were seen together
in 5 patients. In addition, 3 patients had a complex genotype (M694V,
homozygous; R202Q, heterozygous). Also, in a 31-year-old female pa-
tient, M694V; R202Q compound heterozygous variations and
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Table 5

Frequency of patients with variation in both the MEFV gene and the genes in the fever panel.

Genomics xxx (Xxxx) XxXx—xxx

Age Gender Indications MEFV gene mutation Mutations in fever panel genes
Amino acid change Zygosity Gene name Amino acid change Zygosity
25 M HFA M6801 Homozygous NOD2 TI91A Heterozygous
CARD14 R883H Heterozygous
45 F HFA E148Q Heterozygous NLRP12 T260M Heterozygous
30 F IS E148Q Heterozygous NLRP3 Q705K Heterozygous
NLRP3 Q200M Heterozygous
31 F HFA R202Q Heterozygous NLRP7 F538L Heterozygous
14 F Joint pain E148Q Heterozygous NOD2 L1007Profs Heterozygous
33 M Abdominal pain P369S Heterozygous NRLP12 A930T Heterozygous
R408Q Heterozygous NRLP3 G461C Heterozygous
R501R Heterozygous
41 F NV R202Q Heterozygous LPIN2 G596S Heterozygous
34 M HFA M6801 Heterozygous LPIN2 L504F Heterozygous
M694V Heterozygous
R202Q Heterozygous
63 M CA R202Q Heterozygous TNFRSF1A R121Q Heterozygous
56 M Joint pain M680I Homozygous TNFRSF1A R121Q Heterozygous
MVK R4OW Heterozygous
PSTPIP1 T68M Heterozygous
25 M HFA R202Q Homozygous TNFRSF1A G461C Heterozygous
47 F HFA K695R Heterozygous NLRP3 Q705K Heterozygous
44 M HFA E148Q Heterozygous LPIN2 P626S Heterozygous
24 M HFA E148Q Heterozygous NLRP3 Q705K Heterozygous
51 F HFA M694V Heterozygous LPIN2 L504F Heterozygous
M6941 Heterozygous
46 M HFA M694V Heterozygous NOD2 G908R Heterozygous
E148Q Heterozygous
53 M HFA M694V Heterozygous CARD14 D178H Heterozygous
E148Q Heterozygous
48 F HFA $104C Heterozygous NOD2 G908R Heterozygous
24 F HFA M694V Heterozygous NOD2 G908R Heterozygous
V726A Heterozygous
38 M HFA M6801 Heterozygous CARD14 R319Q Heterozygous
M694V Heterozygous
R202Q Heterozygous
47 M HFA R202Q Heterozygous PSTPIP1 T68M Heterozygous
40 F IS R202Q Homozygous NLRP3 Q705K Heterozygous
44 M IS M694V Heterozygous NOD2 R439C Heterozygous
21 M Amyloidosis M694V Heterozygous NOD2 N852S Heterozygous
V726A Heterozygous TNFRSF11A K54R Heterozygous
18 M HFA M6801I Heterozygous LPIN2 P626S Heterozygous
E148Q Heterozygous
51 F Abdominal pain M694V Heterozygous IL1IRN A106T Heterozygous
R202Q Heterozygous
18 F IS M694V Homozygous NLRP3 V198M Heterozygous
R202Q Homozygous
36 M HFA E148Q Heterozygous NOD2 R702T Heterozygous
NOD2 G908R Heterozygous

M: Male; F: Female; IS: Inflammatory Spondylopathy; HFA: Heredofamilyal amyloidosis; NV: Necrotizing Vasculopathy; CA: Crystal Arthropathy.

NM_000243.2(MEFV):c.1261-28A > G (rs104895140) heterozygous
variation in the intronic region of MEFV gene was identified. This
variation has already been identified by other researchers and has been
clinically associated with FMF in the ClinVar database (https://www.
ncbi.nlm.nih.gov/clinvar/variation/97439/).

3.2. Distribution of mutations in the “fever panel”

In the present study, 17 different genes associated with periodic
fever syndromes were screened in the fever panel by NGS method.
Table 4 shows the distribution of mutations detected in the genes in the
fever panel in patients with FMF.

Particularly, in a 25-year-old male patient, Met680Ile homozygous
mutation in MEFV gene, Arg883His heterozygous variation in CARD14
gene as well as a novel variation of T91A [c.271 A > G
(ACC > GCQ)] heterozigot missense variation in NOD2 gene was de-
tected. Also, in a 33-year-old male patient, P369S, R408Q, R501R
compound heterozygote in MEFV gene and A930Y heterozygous var-
iations in NLRPI2 gene as well as a novel variation of G461C

[c.1381 G > T (GGC > TGC)] heterozigot missense variation in
NLRP3 gene was detected. In addition, in a 41-year-old male patient,
V726A, M680I compound heterozygote in the MEFV gene as well as a
novel variation of Y732*Stop [c.2196C > G (TAC > TAG)] nonsense
variation in LPIN2 gene was identified.

Some of the other genes in the fever panel associated with mutations
in the MEFV gene were also found to have different variations in pa-
tients with FMF. These variations were summarized in Table 5 in detail.
Interestingly, most patients with mutations in the MEFV gene and other
genes have heredofamilial amyloidosis.

4. Discussion

Although the clinical symptoms and course of the disease is still the
cornerstone for the diagnosis of FMF, genetic confirmation of this
condition helps to make differential diagnosis, especially in suspicious
cases. Significant advances have been made by the help of rapidly de-
veloping molecular genetic techniques to understand the molecular
basis of FMF disease and make differential diagnosis. The number and
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structure of mutations in the MEFV gene, which plays a role in the
etiopathogenesis of FMF cases varies between populations. The allele
heterogeneity of the MEFV gene is particularly high in Turkish popu-
lations. In addition, the prevalence of this disease in Turkey was re-
ported as 1/1000 and carrier rate was 1/5 and this percentage is quite
high [13]. M694V, E148Q, M680I, V726A mutations are frequently
identified variations in MEFV gene [5,14]. In line with these, in our
study, the most common homozygous mutations were M694V (4.76%)
and R202Q (4.88%) missense mutations. In addition, the most common
heterozygous mutations include R202Q (42.35%), M694V (16.47%)
and E148Q (12.94%) missense mutations. M680I and V726A mutations
were less common than these.

In FMF, the distribution of mutations in MEFV gene has been shown
in several studies in different populations. However, other gene muta-
tions associated with FMF have been identified with the adaptation of
next-generation sequencing methods to the routine clinic laboratories
and increased genomic regions that need to be screened. In our study,
mutation screening of genes that play important roles in the pathology
of fever-related autoinflammatory diseases in patients with FMF was
performed using NGS method and interesting results were obtained.
Since this screening method is new and not widely used in both Turkish
populations and Mediterranean countries, the data we obtained here is
unique and provides a novel perpective for this disease. Routine use of
molecular genetic tests provides important contributions to the differ-
ential diagnosis of autoinflammatory diseases as well as for the treat-
ment planning. Previous studies have suggested that screening of MEFV
gene mutations is sufficient for the genetic testing of FMF. Notably, in
this study, we found that mutations in the MEFV gene show different
frequencies and for the first time, along with MEFV gene mutations, we
identified novel variations in genes associated with periodic fever
syndromes that have not been previously reported (Table 6).

Berkun et al. have identified frequencies of G908R (8.7%) and
R702W (1%) mutations in the NOD2 gene (formerly known as CARD15)
in FMF patients [15]. They suggested that NOD2 variations do not show
high sensitivity for FMF development, but the presence of related mu-
tations in these patients may be associated with a certain phenotypic
effect and course of the disease [15]. In this study, we demonstrated a
new heterozygous variation in the NOD2 gene together with MEFV
M680I mutation in 1 patient with heredofamilial amiliodosis. In addi-
tion, in another patient with joint pain, the L1007Profs frame shift
variation in the NOD2 gene was detected together with the MEFV
E148Q heterozygote mutation. When these results are evaluated to-
gether, mutations in the MEFV gene together with the mutations in the
NOD2 gene might be associated with different phenotypic effects.

In a multi-center study, Karacan et al., showed that in addition to
MEFV gene mutations, CARDI14 gene mutations were present in FMF
patients [16]. In patients with MEFV M694V mutation, P510fs (frame
shift mutation as a result of duplication) and A364V variation were
detected in CARD14 gene. Also, in addition to M694V and V726A
mutations, which are common in a MEFV gene, R151Q mutation was
detected in CARD14 gene [16]. In our study, in addition to M680I
(MEFV) and T91A (NOD2) mutations, R883H mutation was detected in
CARD14 gene. In addition to MEFV gene mutations, variations in NLRP
(NLRP3, NLRP7, NLRP12) genes was also identified. Karacan et al., also
identified M694V (MEFV) and G52S (NLRP12) mutations in a patient
with vasculitis [16]. Our study is somewhat more comprehensive in this
respect as NLRP gene mutations were detected in addition to MEFV
gene in FMF patients (Tablo 5). Interestingly, the majority of patients (4
out of 6 patients) who have mutations in the NLRP genes along with the
MEVF gene have heredofamilial amiliodosis. These results suggest that
NLRP genes might be associated with amiliodosis.

5. Conclusions

In conclusion, the findings of this study suggest that mutations in
genes associated with other autoinflammatory diseases together with
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the MEFV gene mutations contribute to the molecular pathophysiology
of FMF disease. Partiuclarly, we identified two novel missense varia-
tions in the MEFV gene, GIn34Pro and Ile247Val for a first time in FMF
disease. Also, novel variations of Thr91Ile missense variation in the
NOD2 gene, Gly461Cys missense variation in NLRP3 and Tyr732Stop
nonsense variation in LPIN2 were firstly identified. Current study will
provide a new perspective for the differential diagnosis of FMF.

Along with the MEFV gene mutations, variations detected in other
genes associated with other autoimflammatory diseases should be taken
in consideration by the clinicians in dealing with FMF patients.
Although Sanger sequencing is a gold standard technique, the value of
NGS, which enables screening of large number of genes in a single run,
should not be neglected. In Sanger sequencing, limited number of
genomic regions are currently screened for the FMF disease and pa-
tients that have no detected mutations in certain exons of MEFV gene
are false-negatively considered as non-FMF. Therefore, we concluded
that NGS analysis will be useful in the differential diagnosing FMF cases
that are missed during rutin screening of MEFV gene variations.Also, in
most genetic centers, only analysis of exon 2 and 10 of MEFV gene are
analyzed. However, NGS analysis allows screening of all exons of MEFV
gene in addition to other genes involved in autoimflammatory diseases.

Moreover, our study has some limitations. On the major limitation is
that these results should be supported by multi-center studies with
larger samples and standardization of the study population should be
enhanced. In addition, lack of pathogenicity information of newly
identified variants in the databases is insufficient to interpret the re-
sults. Further studies are needed to better understand clinical im-
portance of these variations. Also, another important limitation of our
study is that variations detected by NGS were not verified with Sanger
sequencing method and familial segregation was not established.
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