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Introduction. Familial Mediterranean fever (FMF) is a recessively
inherited disease which is characterized by recurrent episodic fever,
abdominal pain, and polyserositis. It is caused by mutations in
the MEFV gene, encoding the pyrin protein. The most important
complication of FMF is secondary (AA) amyloidosis that leads to
kidney failure. This study aimed to identify the frequency and
distribution of MEFV mutations in Turkish patients with FMF-
associated AA amyloidosis.

Materials and Methods. A total of 57 patients with FMF-associated
AA amyloidosis and 60 healthy controls were included in this
study. We analyzed the MEFV gene for E148Q, M694V, M680I,
and V726A mutations and R202Q variant by polymerase chain
reaction and restriction fragment length polymorphism methods.
Results. The male-female ratio was 0.72. The mean age of the patients
was 29.8 = 12.8 years. Among the patients, the rate of the MEFV
mutations was found to be 77.2%. The most frequently observed
genotype was homozygous M694V mutation, which was present in
17 patients (29.8%, P < .001), followed by compound heterozygous
M6801/M694V (14.3%, P = .01). The R202Q allele frequencies were
significantly different between patients and control group (P = .02;
odds ratio, 0.53; 95% confidence interval, 0.30 to 0.94).
Conclusions. In this study, mutation analysis of MEFV gene
confirmed that the most frequent mutation was homozygous M694V
genotype. R202Q may be important in patients with FMF-associated
AA amyloidosis. Thus, it is suggested that investigation of R202Q
should be considered as a genetic test for Turkish FMF patients.
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Familial Mediterranean fever (FMF) is an
autosomal recessive inherited auto-inflammatory
disorder generally affecting people in areas around
the Mediterranean Sea, mainly non-Ashkenazi Jews,
Turks, Armenians, and Arabs.! It is characterized
by recurrent fever crises, accompanied by serositis
affecting the peritoneum, the pleura, and the
synovia. The disease is caused by mutations in the
Mediterranean fever (MEFV) gene which encodes

pyrin protein (or marenostrin). The MEFV gene,
consisting of 10 exons, is located on chromosome
16p13.3.2 Currently, more than 300 sequence variants
of the MEFV have been reported in the Infevers
Database.® The most frequently seen mutations
of MEFV gene are the M694V, M6801, E148Q,
V726A, and M6941, most of which are located on
exon 10.*® The distribution of MEFV mutations in
FMF patients varies by country and population.’

Secondary AA amyloidosis occurs as a result of
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the complication of chronic inflammation and is
characterized by the accumulation of extracellular
amyloid protein in various tissues. The most
severe complication of FMF is the development
of AA amyloidosis leading to nephrotic syndrome
and progressive nephropathy. Sex, ethnicity,
and genotype are the main factors that affect
the prevalence of FMF-associated amyloidosis.
It is more common in North Africa-originated
Jewish and Turkish populations.®It has often been
associated with the M694V mutation, especially at
the homozygous state.!” Longtime treatment with
colchicine can prevent amyloidosis. The aim of this
study was to evaluate the frequency of MEFV gene
variants in Turkish patients with FMF-associated
amyloidosis.

The study group was composed of 57 FMF-
associated AA amyloidosis patients (24 men
and 33 women) that were being treated at the
Department of Internal Medicine, Faculty of
Medicine, at Gaziosmanpasa University and
Department of Nephrology at Ordu State Hospital.
International criteria were taken into consideration
in the diagnosis of FMF. The presence of amyloid
depositions was confirmed by tissue biopsies. The
control group consisted of 60 healthy volunteers
(27 men and 33 women), all aged over 18 years.

All of the participants were of Turkish origin,
from the eastern and inner central Black Sea
regions of Turkey. Clinical data were collected
using a standardized questionnaire which involved
questions on age at symptom onset, frequency and
duration of FMF attacks, family history, arthritis,
fever, peritonitis, pleuritis, synovitis, erysipelas-
like rash, pericarditis, and colchicine treatment.
Written informed consent was obtained from all of
the participants. The study protocol was approved
by the ethics committee of Kanuni Education and
Research State Hospital in Trabzon.

Genomic DNA was isolated from the peripheral
leukocytes by standard protocols. Screening for
MEFV gene mutations was performed in the patient
and the control group. The most frequently observed
4 mutations (E148Q, M694V, M680I, and V726A)
and a variant (R202Q) in the MEFV gene were
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screened. These MEFV mutations were studied
with the methods of polymerase chain reaction
restriction fragment length polymorphism and
restriction fragment length polymorphism. The
amplified products were digested with restriction
endonuclease enzymes to detect M694V, M680I,
V726A, E148Q, and R202Q (Hinfl, Hphl, Alul,
BstNI, and Pvull, respectively). Mutations presented
in exon 10 between codons 663 and 771 including
M680I, M694V, and V726A, and the mutations
E148Q and R202Q in exon 2 were sought for using
the procedure previously described.!%!!

All statistical analyses were performed using
the SPSS software (Statistical Package for the
Social Sciences, version 13.0, SPSS Inc, Chicago, IL,
USA) and the OpenEpi (version 2.2). Continuous
data were reported as mean + standard deviation
(range). The chi-square test was used to assess the
differences in the allele frequency and genotype
distribution between the two study groups. The
Hardy-Weinberg equilibrium test was performed for
both study groups. Odds ratio and 95% confidence
interval were calculated. A P value less than .05
was considered significant.

The patients had a mean age of 29.77 + 12.85
years, and 57.9 % of them were women. Table 1

Table 1. Demographic and Clinical Characteristics of Patients
With Familial Mediterranean Fever and Healthy Controls*

Characteristic Control Group Study Group

Sex

Male 27 (45.0) 24 (42.1)

Female 33 (55.0) 33 (57.9)
Mean age, y 31.1+£113.2 29.8+12.9
Age at first symptoms, y 121+£7.7
Age at onset, y 21.0+£10.6
Mean number of days with 28.5+17.2

attack episodes
Use of colchicine 48 (84.2)
Response to colchicine 46 (95.8)
Family history 34 (59.6)
Fever 49 (86.0)
Abdominal pain 50 (87.7)
Pleural effusion 25 (43.9)
Joint involvement 38 (66.7)
Appendicitis 11 (19.3)
Erythema 9(15.8)

*Values in parentheses are percentages.



summarizes the demographic and clinical data
related to the patients with AA amyloidosis and
the control group.

The mutations found in the patient and control
groups and their number and frequencies are
shown in Table 2. Among the patients, the rate
of the MEFV mutations was found to be 82.5%.
The most frequently observed genotype was
homozygous M694V mutation, which was present in
17 patients (29.8%; P < .001), followed by compound
heterozygous M6801/M694V (14.3%; P = .01). The
allele frequencies of the R202Q variant showed a
significant difference between the patients and
control groups (P =.02; odds ratio, 0.53; 95%
confidence interval, 0.30 to 0.94). Genotypic and
allelic distributions of the R202Q polymorphism
are shown in Table 3.

Familial Mediterranean fever is one of the
frequently seen diseases in the world with the
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prevalence of 1:400 to 1:1000."2 It is reported that
the most frequent mutation in Turkey is M694V,
followed by M680I and V726A in the order of
frequency.” 1320 Although genotype-phenotype
correlation has not been established precisely for
FMF, many studies put that M694V is associated
with early onset of the disease, high frequency of
attacks, need for increase in colchicine dose, and
amyloidosis.”!*?!"*’In this study, we have evaluated
the distribution of variants of the MEFV gene in
57 FMF-associated amyloidosis patients living in
the eastern and inner Black Sea regions in Turkey.

Amyloid accumulation may be seen in many
organs in AA amyloidosis; however, what
frequently causes morbidity and mortality is renal
amyloidosis. The most important complication of
FMEF is the development of AA amyloidosis. Being
male was reported to be a nongenetic risk factor
in FMF-associated amyloidosis.?® Although this
was confirmed in many studies,?*?*3 the number
of women was greater among the patients in the

Table 2. Distribution of MEFV Mutations in Patients With Familial Mediterranean Fever and Amyloidosis Compared With Healthy

Controls*
Mutations Study Group Control Group P

No mutations 10 (17.5) 49 (81.7) <.001
M694V 5(8.8) 4(6.7) .93
M694V homozygote 17 (29.8) 0 <.001
M680I heterozygote 7.0) 2 (3.3) .63
M680I homozygote 3.5) 0 72
V726A heterozygote 1.8) 1(1.7) >.05
E148Q heterozygote 7.0) 4(6.7) >.05
Compound heterozygote mutations

M6801/M694V 8 (14.0) 0 .01

M680I/V726A 3(5.3) 0 .39

E148Q/M694V 1(1.8) 0 >.05

E148Q/M680I 1(1.8) 0 >.05

E148Q/M694V 1(1.8) 0 >.05
Total mutations 47 (82.5) 11 (18.3) <.001

*Values in parentheses are percentages.

Table 3. Genotype and Allele Frequencies of R202Q Gene Variation in Patients With Familial Mediterranean Fever and Amyloidosis and

Healthy Controls*

R202Q Study Group

Control Group P

Odds Ratio (95% Confidence

Interval)

Genotype

G>G 24 (42.1) 33 (55.0)

G>A 23 (40.3) 24 (40.0)

A>A 10 (17.5) 3(5.0) .09
Alleles

G 71 (62.2) 90 (75.0)

A 43 (37.7) 30 (25.0) .02 0.53 (0.30 to 0.94)

*Values in parentheses are percentages.
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present study (33 versus 24 men). The rate of
joint involvement was high, which is a finding
consistent with Gershoni-Baruch and colleagues
and Kasifoglu and collegaues.?'? The rate of
familial history of FMF was 59.6%. Saatci and
coworkers suggested that amyloidosis may be
genetic, and patients with a familial history of
FMF had 6.04 times higher risk than others.* The
frequency of amyloidosis in FMF patients was
reported to be 2.2% in the Arabic population,
27.6% in Sephardic Jews,* and 12.9% to 40.0% in
the Turkish population.!%27:2931:36

Colchicine therapy, used to control FMF attacks,
is also reported to be effective in preventing the
development of amyloidosis.*” That is why early
diagnosis, appropriate treatment strategy, and
genetic counseling are important in FMF patients.
Many studies indicate that M694V homozygote and
heterozygote genotype is the most significant risk
factor in the development of amyloidosis.?’384!
A study conducted in Turkey suggested that the
development of amyloidosis was 6 times higher in
homozygote M694V carriers.! However, different
mutations were also detected in patients that
developed amyloidosis.?”#?** The most frequent
mutation found in the present study was M694V
homozygotes (29.8%), which is a finding that
supports many studies in the literature 262931384548
Touitou and coworkers indicated that M694V
homozygosity was a risk factor for amyloidosis
for those living in Armenia, Saudi Arabia, and
Israel, but it was a borderline factor for the Turkish
population.? Mimouni and associates found that
the rate of M694V homozygosity was 42.8% among
patients of Turkish origin.*® In another study, it
was reported that the most common mutation in
Turkish patients with FMF-associated amyloidosis
was M694V /V726A.%¥ Nevertheless, in 3 studies
conducted in Turkey, it was reported that there was
no correlation between M694V homozygosity and
development of amyloidosis.’*?”?° The difference
in results probably derives from the differences
in ethnic backgrounds.

Other common genotypes found in this study
were, in the order of frequency, M694V /M6801
(14.0%), M694V (8.8%), and M680I heterozygote
(7.0%). Albayrak and coworkers reported that
homozygote genotype (M694V and M680I) was
commonly seen in patients with amyloidosis.>
In the present study, while the rate of M694V
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homozygosity was more remarkable, the total rate
of M694V homozygote and compound heterozygote
was 56.1%. Not confirming the results of Albayrak
and coworkers, the rate of M860I homozygosity
was quite low (3.5%).>! Mimouni and associates
reported that E148Q mutation was not seen in
4 different ethnic groups, including the Turkish
population.®® E148Q heterozygosity (7.01%) was
nevertheless found among our patients (E148Q/
M694V; 3.5%).

In addition to the frequently seen mutations in
MEFYV gene (ie, M694V, V726A, M6801, and E148Q)),
R202Q variant was also added to the spectrum
of this study. R202Q in exon 2 was defined as a
benign polymorphism by Bernot and colleagues
for the first time.> [t was reported that R202Q
carriers have a mild phenotype compared to the
carriers of other MEFV mutations.>®® Yet, it is still
considered a variant,® and it is commonly seen in
EMF patients of Turkish origin.!*#5In the present
study, R202Q allele frequency was found to be
remarkably significant.

Despite the great number of studies related to
FMF-associated amyloidosis, there are still some
points that need to be clarified. As far as we know,
R202Q variant has not been studied before in Turkish
patients with FMF-associated amyloidosis. In the
study related to frequent mutations (M694V, M6801,
V726A, and E148Q) in FMF-associated amyloidosis,
Balc1 and colleagues found unidentified alleles at
a rate of 47.7%.% This indicates that other alleles
should not be disregarded in FMF-associated
amyloidosis. The data of our study suggests that
R202Q variant should be considered a risk factor
in the development of amyloidosis.

The development of amyloidosis is the most
important complication seen in untreated FMF
patients. In this study, we evaluated the distribution
of MEFV mutations in patients with FMF-associated
amyloidosis living in the eastern and inner Black Sea
regions of Turkey. The correlation between M694V
and FMF-associated amyloidosis, found in many
studies, was confirmed by the present study. In
order to prevent the complication of amyloidosis,
there is a need to evaluate R202Q routinely and
start the colchicine therapy in early years of the
disease. There is also a need for further studies on
populations of different ethnic origins.
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