
© Kamla-Raj 2014 Int J Hum Genet, 14(3,4): 143-148 (2014)

Analysis of TNFRSF1A Gene R92Q Mutation in Familial
Mediterranean Fever

Melek Yuce and Hasan Bagci

Ondokuz Mayis University, Faculty of Medicine, Department of Medical Biology,
Samsun, Turkey

KEYWORDS  Familial Mediterranean Fever. MEFV Gene. TRAPS. TNFRSF1AGene. R92Q Mutation

ABSTRACT This study examines the frequency of TNFRSF1A gene R92Q mutation in patients with Familial
Mediterranean Fever (FMF) and the role of this mutation in FMF. The study included 223 FMF patients with
definite diagnosis, according to Tel-Hashomer criteria, carrying two mutations and 205 FMF patients as controls
(symptomatically diagnosed) with definite diagnosis but without any of the MEFV gene mutations screened. The
DNA samples of FMF patients and controls were genotyped with regard to TNFRSF1A gene R92Q mutation by
PCR–RFLP method. Genotypes and allele frequencies of the TNFRSF1A gene R92Q mutation were similar in the
two groups (p=0.481 and p=0.48, respectively). Because of the similarities between the symptoms of FMF and
TNFRSF1A-associated periodic syndrome (TRAPS), the frequencies of the TNFRSF1A gene R92Q mutation was
studied in patients with two MEFV gene mutations and also in patients without any of the twelve most common
MEFV gene mutations. No significant difference was observed between the two groups. Despite sharing common
symptoms, it seems that FMF is not confused with TRAPS as the TNFRSF1A gene R92Q mutation frequencies are
similar between both groups.
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INTRODUCTION

Hereditary Periodic Fever Syndromes (HPFS)
are a group of diseases including Familial Med-
iterranean Fever (FMF), tumor necrosis factor
receptor-associated periodic syndrome
(TRAPS), cryopyrin-associated periodic syn-
dromes (CAPSs), pyogenic arthritis, pyoderma-
gangrenosum and acne (PAPA) syndrome, pe-
diatric granulomatous arthritis, hyperimmuno-
globulinemia D with periodic fever syndrome
(HIDS), chronic recurrent multifocal osteomy-
elitis (CRMO), deficiency of the IL-1 receptor
antagonist (DIRA), and deficiency of the IL-10
receptor early-onset enterocolitis (IBD) (Hend-
erson and Goldbach 2010). These monogenic
diseases of the innate immune system are char-
acterized with self-limited inflammatory attacks,
and they are called autoinflammatory syndromes
(Grateau and Duruoz 2010). Although auto-
inflammatory diseases have some common clin-
ical features such as fever attacks, serous mem-

brane inflammation, muscle-skeleton system in-
volvement, various types of rashes and amyloi-
dosis, they also show different characteristics
such as age of onset, duration and type of treat-
ment (Stjernberg-Salmela et al. 2004).

Familial Mediterranean Fever (FMF, OMIM
#249100) is the most common inherited periodic
fever syndrome, which is characterized by re-
current attacks of fever accompanied with peri-
tonitis, pleuritis, arthritis, and a typical rash
called erysipelas-like erythema. Severity of the
disease results from the association of FMF with
the formation of AA amyloidosis (Sohar et al.
1967). However, the introduction of colchicine
treatment in the early 1970s changed the natural
history of the disease (Zemer et al. 1974), com-
pletely abolishing the attacks in 60% of the pa-
tients, substantially decreasing them in 35%, and
preventing the appearance of amyloidosis in al-
most all of them. Approximately 5% of the pa-
tients do not respond to colchicine despite the
use of maximal doses (Pras and Kastner 1997).

Although there are cases, such as the three
Japanese patients recently reported by Fukush-
ima et al. (2014), of autosomal dominant inherit-
ance, FMF generally has an autosomal reces-
sive inheritance and affects populations of the
Mediterranean basin such as Sephardic Jews,
Armenians, Turks and Arabs. FMF has also been
identified in European populations (Booth et al.
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1998). MEFV gene which causes Familial Medi-
terranean Fever is located on the short arm of
chromosome 16. Up to date, 296 different se-
quence variants have been reported in the MEFV
gene (Milhavet et al. 2008). A novel missense
mutation (I247V) was recently reported from
Hatay Province of Turkey (Gunesacar et al. 2014).
Encoded by this gene, pyrin/marenostrin pro-
tein, which consists of 781 amino acids regu-
lates the production of mature interleukin-1 (IL-
1) and is also involved in the pathogenesis of
various autoinflammatory diseases (Yagel et al.
2010). It is believed that this protein plays an
“auto regulator” role on leukocytes. Pyrin is ex-
pressed particularly in leukocytes, monocytes
and to some extent in fibroblasts. Normally, an
association is believed to exist between this pro-
tein and some cytokines that have important
roles in inflammation and signal molecules re-
sponsible for apoptosis such as NF-KB. As in
familial Mediterranean fever, if there is a muta-
tion in MEFV gene, the formation of IL-1ß, which
is an important factor in inflammation, will be stim-
ulated and also apoptosis will be suppressed and
thus, increased inflammatory response will arise
as a result of minor stimulations (Kasapçopur and
Arisoy 2006).

The diagnosis of FMF has long been made
based only on clinical criteria. Cloning of the
FMF gene (MEFV) and the identification of the
mutations that causes the disease have in-
creased hopes on quicker and more accurate di-
agnosis of FMF (The International FMF Con-
sortium 1997). However, since molecular diag-
nosis does not have sufficient sensitivity, even
after sequencing of all the genes, a definitive
diagnosis of FMF can result in failure in some of
the typical patients. Because of the changeable
nature of the disease and because it is charac-
terized by an age dependent penetrance, it can
be extremely hard to make FMF diagnosis in the
presence of typical findings, especially in the
absence of family history and in the case of a
late onset. Several sets of diagnostic criteria have
been proposed, with their validity evaluated and
compared with each other (Berkun and Eisen-
stein 2014). However, a definitive diagnosis en-
ables the use of colchicine, which is an effective
treatment in preventing amyloidosis and attacks,
in suitable daily doses and for a life time (Zemer
et al. 1986).

The tumor necrosis factor receptor - associ-
ated periodic syndrome (TRAPS, OMIM #
142680) was initially reported in Irish and Scot-

tish families (Williamson et al. 1982), but is now
known to be more common than previously
thought (Yagel et al. 2010). TRAPS, the most
common autosomal dominant autoinflammatory
disease (Rigante et al. 2014), is caused by muta-
tions in the TNFRSF1A gene on chromosome 12
and encodes the 55-kD tumor necrosis factor
(TNF)-alpha receptor 1 (TNFR1), which consists
of 445 amino acids (McDermott et al. 1999).

TNF- is the major inflammatory cytokine
which induces the synthesis of other inflamma-
tory cytokines such as interleukin-1 (IL-1) and
interleukin-6 (IL-6), activates leukocytes, in-
creases the expression of adhesion molecules
and regulates apoptosis while providing host
defense against intracellular pathogens togeth-
er with inflammation management (Karatay and
Melikoglu 2007).

TRAPS is characterized by fever, abdominal
pain, erythematous skin rash, muscle pain, con-
junctivitis, irregular attacks of periorbital edema
and amyloidosis. However, clinical findings dif-
fer (Hull et al. 2002). Similar to FMF, physical
stress or trauma stimulates the attacks. Diagno-
sis is usually made by the analysis of mutations
in the gene TNFRSF1 (Kasapçopur and Arisoy
2006). Because of the variability of the clinical
findings, genetic confirmation is required for di-
agnosis. TRAPS patients may show different
clinical manifestations as several mutations have
been found in association with the disease
(Cosan et al. 2013; Rigante et al. 2014).

Treatment of TRAPS with non-steroidal anti-
inflammatory (NSAI) drugs, etanercept which is
a  TNF- blocker, and anakinra which is an IL-1
receptor antagonist, was found to be effective
in most patients (Karatay and Melikoglu 2007;
Yagel et al. 2010; Rigante et al. 2014).

Presently, 138 different sequence variants
have been reported in the TNFRSF1A gene (Mil-
havet et al. 2008). However, the R92Q substitu-
tion is the most frequent and widespread muta-
tion identified in patients suffering from TRAPS.
Carriers of this genetic defect show milder and
more heterogeneous symptoms (Kauffman et al.
2012).

Rationale and Aim of the Study

When the FMF patients who applied to this
laboratory were examined, it was found that some
patients who had definitive diagnosis accord-
ing to Tel-Hashomer criteria and who carried
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FMF clinical characteristics did not carry any of
the screened MEFV gene mutations. Since the
clinical characteristics of TRAPS and FMF are
similar, the aim of this study was to analyze
TNFRSF1A gene R92Q mutation in FMF patients.

MATERIAL  AND  METHODS

Study Population

The study included 223 unrelated FMF pa-
tients with a definitive diagnosis according to
the Tel-Hashomer criteria. These patients have
two of the twelve most commonly occurring
MEFV mutations (E148Q, P369S, F479L, M680IG/
C, M680IG/A, I692del, M694V, M694I, K695R,
V726A, A744S, R761H). They applied to Sam-
sun Ondokuz Mayis University, Faculty of Med-
icine, Department of Medical Biology and a con-
trol group of 205 FMF patients who had a defin-
itive diagnosis of FMF (symptomatically) but
who did not carry any of the twelve MEFV gene
mutations screened. All the individuals includ-
ed in the study signed an informed and volun-
tary consent form. After signing the form, the
patients were examined according to Tel-
Hashomer criteria and the patients and the con-
trols with definitive diagnosis were evaluated
for TNFRSF1A R92Q mutation.

Genotyping

Genomic DNA was extracted from peripheral
blood cells using Vivantis GF-1 Nucleic Acid
Extraction Kit (Qiagen, Istanbul, Turkey) in ac-
cordance with the manufacturer’s instructions.

R92Q mutation of the TNFRSF1A gene was
tested by the polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP)
technique as described previously (Yagel et al.
2010). After digestion with BcnI (NciI), the three
possible genotypes were defined by the three
distinct banding patterns: RR (380 bp), RQ (153,
227 and 380 bp), and QQ (153 and 227 bp).

Statistical Analysis

Genotype frequencies were tested for Har-
dy-Weinberg equilibrium by using chi-square
test. Allele frequency between groups and the
difference in genotype distribution was analyzed
for significance with 2  test.

RESULTS

DNA samples of the 223 FMF patients and
the 205 controls were genotyped with regard to
TNFRSF1A gene R92Q mutation. No difference
was found between FMF patients with defini-
tive diagnosis and two mutations and the con-
trol group, FMF patients with definitive diagno-
sis but no mutations, with respect to genotype
and allele frequencies.

In this study, findings showed that 217
(97.3%) of 223 patients who had definitive diag-
nosis and carrying double mutations had RR
genotype, while 6 (2.7%) of these patients had
RQ genotype; 197 (96.1%) of 205 controls who
had definitive diagnosis but did not carry any of
the twelve MEFV gene mutations tested had RR
genotype; while, 8 (3.9%) of these controls had
RQ genotype (Table 1). Since QQ genotype was
not seen in both of the groups, it was not in-
cluded in the statistical analysis. When the ge-
notypic frequencies of the TNFRSF1A gene
R92Q mutation were compared, the results of
the two groups were not significantly different
(²=0.50; p=0.481). R allele had a frequency of
98.7% in FMF patients while it had a frequency
of 98.0% in the control group. Q allele had a
frequency of 1.3% in FMF patients while it had a
frequency of 2.0% in the control group. Howev-
er, the difference between the two values (1.3%
and 2.0%) was not significant  (²=0.49; p=0.485)
(Table 2).

The basic clinical attributes of the FMF pa-
tients with definite diagnosis according to Tel-
Hashomer criteria and carrying R92Q mutation
as well as the patients in the control group were
shown in Table 3. In all of these patients, fever
and abdominal pain accompanying the fever
were present. But none had amyloidosis, the
most serious symptom of FMF.

Table 1: R92Q in patients with Familial Mediter-
ranean Fever (FMF)

               Group  No.of   No. of
patients  R92Q

carriers

1. Patients with definite FMF 223 6
    with 2 mutations
2. Patients with definite FMF 205 8
    without mutation

Total 428 14 (3.3%)
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DISCUSSION

Hereditary periodic fever syndromes consti-
tute a rare disease group, and the most common
member of this group is FMF. In Turkey, FMF is
a very frequent disease (Tunca et al. 2005; Cosan
et al. 2013).

MEFV gene mutations cause dysregulation
of the inflammasome and increased IL-1 re-
sponse. This pathway is the major mechanism
in FMF pathogenesis. In populations with high
MEFV gene mutation carrier rates, it was shown
that these mutations are associated with severe
disease prognosis in the other inflammatory syn-
dromes. The main cause of this effect is the dys-
regulation of IL-1 activation (Cosan et al. 2013).

Tumor necrosis factor receptor-associated
periodic syndrome (TRAPS) is an autosomal
dominant inherited autoinflammatory disease.
TRAPS occur as a result of the mutations in the
TNFRSF1A gene, which encodes the TNF- re-
ceptor (McDermott et al. 1999).

This study analyzed the frequency of
TNFRSF1A R92Q mutation in patients who had
definitive FMF diagnosis according to Tel-
Hashomer criteria, but who did not carry any of
the twelve MEFV gene mutations tested, since

the symptoms of FMF and TRAPS are similar
and no significant difference was found between
the groups.

First, FMF patients who came to the re-
searchers clinic were evaluated by Tel-Hashom-
er criteria and the DNAs of the patients with
definitive diagnosis were screened for the 12
most common MEFV gene mutations. The pres-
ence of patients who did not carry any of the
scanned MEFV gene mutations and the similar-
ity between the symptoms of FMF and TRAPS
brought to mind that unexplained FMF cases
may carry TNFRSF1A gene mutations. In fact, a
recent case from Japan signifies this line of
thought. Yasumura et al. (2014) identified a two-
year old girl who had both TNFRSF1A gene
T50M and MEFV gene E84K as well as P115R
mutations.

FMF is an autosomal recessively inherited
disease and being a double MEFV gene muta-
tions carrier, causes most of the patients to ex-
perience clinical symptoms. However, some re-
searchers have shown that in 25% of the pa-
tients, single MEFV gene mutation will proba-
bly be enough for the appearance of the disease
(Yigit et al. 2008; Booty et al. 2009; Kone-Paut et
al. 2009; Marek-Yagel et al. 2009). Nevertheless,

Table 2: The comparison of R92Q polymorphism genotype and allele frequencies between FMF patients
with definitive diagnosis and two mutations together with the control group, FMF patients with
definitive diagnosis  but no mutations

TNFRSF1A gene  FMF patients with   FMF patients with       χ2  P value
R92Q genotype definitive diagnosis  definitive diagnosis

and two mutations   but no mutations
     (n=223)        (n=205)

RR 217 (97.3%) 197 (96.1%) 0.50 0.481
RQ 6 (2.7%) 8 (3.9%)
QQ 0  0
R 440 (98.7%) 402 (98.0%) 0.49 0.485
Q 6 (1.3%)  8 (2.0%)

Table 3: Clinical features of R92Q positive patients, with MEFV gene mutations and without MEFV
gene mutations

Clinicalmanifestation R92Q positive patients with R92Q positive patients without
MEFV gene mutations (n=6)   MEFV gene mutations (n=8)

Fever 6 8
Peritonitis 6 8
Pleuritis 4 2
Amyloidosis 0 0
Colchicine response 5 7
Arthritis 4 7
Erysipelas-like erythema 2 2
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the presence of another mutant gene in patients
who do not carry any mutation can account for
the appearance of clinical symptoms. Eight
8(3.9%) of the 205 symptomatical FMF patients
who did not carry mutation were found to be
heterozygote for R92Q. Although the frequency
is less than that for patients with mutation, yet
the difference is not statistically significant
(p=0.481).

A study by Yagel et al. (2010) analyzed the
TNFRSF1A gene R92Q mutation frequency be-
tween 92 FMF patients and 250 controls and
discovered that 3.2% of the FMF patients and
6% of the control group were found to be R92Q
mutation carriers. In FMF patients who carried
20 single MEFV mutations, 2 patients were found
heterozygous for R92Q while in FMF patients
who carried 13 double MEFV mutations, 1 het-
erozygote patient was found (Yagel et al. 2010).

Another study by Booty et al. in 2009 found
that 1 out of the 14 FMF patients was a R92Q
mutation carrier (Booty et al. 2009). Another
study published in the same year reported that 1
out of the 21 FMF patients who carried single
mutation in MEFV gene had R92Q mutation
(Kone-Paut et al. 2009).

The results of these three studies are similar
to those of this study. None of the four studies
found a statistically significant difference in the
carrier frequencies between the patient and the
control groups.

Renal amyloidosis of the AA type is the main
complication of hereditary diseases such as FMF
and more recently described disorders such as
TRAPS and MWS (Muckle-Wells syndrome)
(Grateau et al. 1999). These diseases are disor-
ders of the inflammatory pathway characterized
by recurrent attacks of fever with visceral, syn-
ovial, or cutaneous inflammation. Although FMF
amyloidosis generally appears years after the
beginning of inflammatory attacks, it may devel-
op in some patients without or prior to other
manifestations (Dode et al. 2002).

Two different studies suggested that exist-
ence of R92Q mutations can be a potential risk
factor for development of amyloidosis (Dode et
al. 2002; Aganna et al. 2004). However, accord-
ing to these results amyloidosis was not ob-
served in our R92Q mutation carriers (n: 14). Sim-
ilarly, results of the Yagel et al.’s study showed
no relation between R92Q mutation and amyloi-
dosis. Although sharing common biochemical
pathways, brings about the fact that the patient

and the control groups have a similar R92Q mu-
tation frequency supports the notion that an
interaction between TNFRSF1A and MEFV is
minimal or nonexistent (Yagel et al. 2010).

CONCLUSION

Despite their symptomatic similarities, the
fact that the TNFRSF1A gene R92Q mutation
was seen in both groups with an approximate
frequency shows that FMF is not confused
withTRAPS.

RECOMMENDATIONS

The researchers hope that future studies will
address to these limitations. They also hope that
by constructing a new set of diagnostic criteria,
cases of possible misdiagnosis can be reduced
or totally eliminated.

LIMITATIONS  OF  THE  STUDY

There are mainly three limitations in this
study. First, researchers have only analyzed the
most common TNFRSF1A gene mutation in FMF
patients. Because of financial constraints we
were not able to assay other mutations, which
might have an effect on the appearance of  the
FMF symptoms in our control group. Second,
they did not assay other genes causing heredi-
tary periodic fever syndromes.  Finally, the size
of their cohort was not large enough to yield
any number of QQ genotype.
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