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ABSTRACT
Aims: R202Q gene polymorphism is frequently encountered in Familial Mediterranean Fever
(FMF) patients. We aimed to investigate the relationship between FMF clinical findings and
MEFV gene mutations/polymorphisms with a particular attention to R202Q.
Methods: Total of 158 patients with FMF were included in the study that was conducted in a
tertiary rheumatology outpatient clinic. The demographic and clinical features, as well as MEFV
gene mutations, were recorded in a “Patient Assessment Form”. The severity of the disease
was evaluated with the FMF-severity score-2. The associations between clinical features and
genetic alterations were calculated with the Pearson chi-square test.

ORCID:
orcid.org/0000-0002-0866-1503

Results: The mean age of patients was 24.3±5.1 years, the mean delay in diagnosis was 5.6±6.3
years, and 155 of the patients (98.1%) were male. The percentage of patients stating that they
regularly used colchicine was 86.1%, and the mean dose was 1.4±0.3 mg/day. The most frequent
mutation was M694V (76.6%), and R202Q, M680I and E148Q were found in a descending order
(60.8%, 19.0% and 13.9%, respectively). M694V/R202Q was the most prevalent compound
heterozygosis and found in 16 patients (10.1%). This mutation (M694V/R202Q) was associated
with fewer frequencies of myalgia and peritonitis, and with good response to colchicine.

Keywords: Familial Mediterranean
Fever, MEFV gene mutation, R202Q

Conclusions: The presence of R202Q polymorphism is associated with FMF, and should be
considered in the routine genetic analysis of the disease. In our patients, its co-existence with
M694V seems to be associated with good response to colchicine, and to alleviate the severity of
the disease expression of M694V, which is known to be associated with severe course.

Introduction
Familial Mediterranean Fever (FMF) is an autosomal
recessive genetic disorder in which recurrent inflammatory
involvement of serous membranes such as pleura, peritoneum,
and synovium comprises the main clinical feature. Although
FMF can be seen in many ethnic groups, it is more frequent

to the inability to control the post-inflammatory process of the
incorrectly synthesized ‘Pyrin’ protein associated with MEFV
gene mutations (2,3). A lot of mutations have been identified
in the MEFV gene. The appearance of these gene mutations
will not always be associated with the disease. Among these,
M694V, M694I, V726A, and M680I are the most common

in Middle Eastern and Mediterranean descent. The highest

disease-related mutations. On the other hand, the clinical

prevalence in Turks ranged between 1 per 400 and 1 per 1000

significance of some other mutations like R202Q is unclear

(1). The Mediterranean fever (MEFV) gene is located on the

and their relationship with any clinical feature of FMF has not

short arm of chromosome 16. There are a total of 10 exons on

been clarified yet. In this context, although there have been

this gene and FMF-related mutations are mostly in exons 10

many efforts to determine genotype-phenotype associations in

and 2. This gene encodes a protein called Pyrin or Marenostrin.

FMF, there are no consistent data on this subject. In this study,

Clinical manifestations of FMF are considered to occur due

we investigated the relationship between FMF clinical findings
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and MEFV gene mutations, and we tried to emphasize the
importance of R202Q gene polymorphism in the FMF clinic.

Methods
Study Design, Selection of Sample, and Setting
This study was conducted between April 2016 and December
2016. The study was approved by the Gülhane Ethical Review
Board (date: April 5, 2016-190, number: 50687469-1491-28916/1648-934) and written informed consent was obtained from
each participant. Patients with FMF were invited to participate
in the study. The inclusion criteria for the study are (a) being
fulfilling the Tel-Hashomer diagnostic criteria (b) having a MEFV
gene analysis containing M694V, M680I, M694I, E148Q, V726A,
R761H, P369S, A165A, G138G, R202Q, K695R, A744S,
and L110P mutations, (c) being aged 18 years and older, (d)
absence of mental confusion or any other psychiatric disorder
obtained from medical records, (e) being able to speak, read,
and write in Turkish, and (f) volunteering to participate in the
research. The exclusion criteria are i) having a major psychiatric
disease diagnosis, ii) having concurrent terminal illness or being
clinically unstable, and iii) having cognitive impairment. Total
of 158 patients with FMF were enrolled in the study and were
subjected to data analyses.
Data Collection and Procedure
The demographic and clinical data were collected through
face-to-face interviews after the participants had been informed
about the purpose of the study. The demographic and clinical
features were recorded in a “Patient Assessment Form”. The
severity of the disease was evaluated with the FMF-severity
score-2 (F-SS-2), which consisted of six criteria, including the age
onset of clinical findings, the number of affected sites in a single
attack, the number of affected sites in the course of the disease,
the number of pleuritic attacks during the course of the disease,
the number of erysipelas-like erythema attacks during the course
of the disease and the colchicine dose used for remission in
patients. According to the F-SS-2, the score of 3 or more was
classified as severe, the score of 2 was medium, and the score
of 1 or below was mild disease severity (4). Also, patients were
classified according to clinical attack frequency under colchicine
treatment. Those who had no attacks within the last 6 months
were considered as ‘‘complete remission’’ and if they had at least
1 episode per month, they were considered as ‘‘resistant’’ or ‘‘nonresponsive’’(5). MEFV gene mutation analysis was performed
with a commercial kit (SNP FMF Real Time Polymerase Chain
Reaction Kit, Ankara, Turkey) which works real time polymerase
chain reaction method in our hospital.
Statistical Analysis
Statistical analyses were performed in the IBM SPSS for
Windows version 21.0 package program. Numerical variables
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were summarized by mean±standard deviation and categorical
variables by number and percentage. The Kolmogorov-Smirnov
test was used to examine whether the numerical variables
showed normal distribution. The difference in categorical
variables between the groups was examined by the chisquare test. The relationship between numerical variables was
examined with the Pearson correlation coefficient. Significance
level was accepted as p<0.05.

Results
Total of the 158 patients participated in the study, 155
(98.1%) were male and 3 (1.9%) were female. The mean age of
the patients was 24.3±5.1 years. The number of patients having
family history of FMF was 100 (63.3%). The mean age at onset
of clinical findings was 11.6±6.6 years, whereas the mean age at
diagnosis was 17.3±7.2 years, and the mean delay in diagnosis
was 5.6±6.3 years. The number of patients who regularly used
colchicine was 136 (86.1%) and the average colchicine dose
taken was 1.4±0.3 mg/day. There were 34 (21.5%) patients
in complete remission, and 27 (17.1%) patients in colchicineresistant or non-responsive group. Ninety four patients (59.5%)
had severe, 38 (24%) moderate, and 26 (16.5%) had low
disease severity levels (Table 1).
The most common MEFV gene mutation was M694V.
Homozygous and heterozygous M694V mutations were
observed in 66 (41.8%) and 55 (34.8%) patients, respectively,
and 121 (76.6%) patients had this mutation in total. Mutations
of R202Q, M680I, E148Q, and V726A (60.8%, 19%, 13.9% and
8.2%, respectively) were detected with decreasing frequency.
Thirty (19%) patients had compound heterozygote mutation.
The most common type of compound heterozygote mutation
was M694V/R202Q and detected in 16 patients (10.1%).
M694V/M680I was detected in 5 (3.2%) patients and M694V/
R761V mutation was found in 2 (1.3%) patients (Table 2).
In terms of the relationship between genotype and
phenotype, M694V mutation frequency was significantly higher
in patients with family history of FMF, compared to those without
family history (82.0% vs. 67.2%, p=0.035). Furthermore, the
frequency of M694V mutation was found to be higher in patients
with arthritis, compared to those without arthritis (80.5% vs. 65%,
p=0.045). E148Q mutation frequency increased in patients with
history of orchitis (25% to 10.7%, p=0.029). Another significant
association between E148Q mutation and clinical findings
was hemodialysis due to end-stage renal failure secondary to
FMF in the family (40% to 11.2%, p=0.005). The prevalence of
non-periodic myalgia was 34.2% and the patients with V726A
mutation declared not to suffer from this symptom (p=0.005)
(Table 3a).
M694V/R202Q compound mutation was associated with an
increase in the response rate to colchicine treatment significantly
and a decrease in the frequency of myalgia and peritonitis
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attacks (p=0.012, p=0.016, p<0.001, respectively). Another

Discussion

rarely observed compound heterozygous mutation, M694V/

In this study, we have shown that R202Q polymorphism in
MEFV gene more or less has an effect on the clinical findings
of the disease. Hence, the most common mutation after M694V
and the most common compound heterozygosity with M694V
support the clinical significance of this mutation.

M680I, was observed in five patients in total, and associated
with acute arthritis (p=0.016) (Table 3b).
In comparison to other mutations, the patients with M694V
mutation had higher F-SS-2 severity score (p=0.01). There
was no correlation between other mutation types and F-SS-2
severity score (Table 4).
Table 1. Demographic features, treatment response and
severity score of patients
Characteristics

n (%)

Age (years) (mean±SD)

24.3±5.1

Sex
Male (M)
Female (F)

155 (98.1)
3 (1.9)

Family history of FMF

100 (63.3)

Disease onset (years) (mean±SD)

11.6±6.6

Age at diagnosis (years) (mean±SD)

17.3±7.2

Diagnostic delay (year) (mean±SD)

5.6±6.3

Colchicine usage and FMF severity score

n (%)

Regular colchicine use

136 (86.1)

Colchicine dose

1.4±0.3

Colchicine response
No response to colchicine
Complete response

27 (17.1)
34 (21.5)

FMF-severity score (F-SS-2)
Severe
Moderate
Mild

94 (59.5)
38 (24.1)
26 (16.5)

Data represented either as the mean±SD or as the frequency.
M: Male, F: Female, FMF: Familial Mediterranean Fever, SD: Standard
deviation, F-SS-2: FMF-severity score-2

Although many of them are rare, hundreds of variants in
MEFV gene mutations have been detected. However, no
consistent association was found between these mutations and
the clinical manifestations of the disease. While the genotypephenotype relationship in FMF is not revealed inclusively yet,
the association between the disease itself and some MEFV
gene mutations such as M694V, M694I, V726A, M680I is quite
clear (1). In our study, M694V mutation was the most common
among MEFV mutations (76.6%) similarly to previous studies
(6,7). The most frequently observed mutations in Turkish and
Armenian studies are M694V, M680I, V726A, E148Q (8). Unlike
these studies, the second most frequently observed mutation
type after the M694V mutation was identified as R202Q in our
study. R202Q polymorphism is the most frequently observed
polymorphism in MEFV mutations (9). It has been alleged
and accepted, at least in part, that this polymorphism in
heterozygous patients has no disease-causing effect. On the
other hand, there has been a discrepancy about the role of
R202Q allele in the clinical expression of FMF. In literature,
there have been studies indicating similar frequency rates
of heterozygous R202Q allele in FMF patients and healthy
controls (10,11). In the same studies, it was not the case for the
frequency of the homozygous R202Q allele, since homozygous
R202Q was higher in the patients with FMF. Heterozygous
R202Q in 59 patients (37.3%) in our study is consistent with
previous reports. Similar to the results of study completed
by Yigit et al. (11), homozygous R202Q polymorphism was
found in 37 patients (23.4%) in our study. Our findings give

Table 2. Frequency of MEFV mutations and compound heterozygosity
MEFV mutations

Presence of any related
mutation
n, %

Heterozygote
n, %

Homozygote
n, %

M694V

121 (76.6)

66 (41.8)

55 (34.8)

R202Q

96 (60.8)

59 (37.3)

37 (23.4)

M680I

30 (19.0)

25 (15.8)

5 (3.2)

E148Q

22 (13.9)

22 (13.9)

0 (0.0)

V726A

13 (8.2)

10 (6.3)

3 (1.9)

MEFV compound mutations

Presence of any related mutation n, %

Any compound heterozygosity

30 (19.0)

M694V/R202Q

16 (10.1)

M694V/M680I

5 (3.2)

M694V/R761V

2 (1.3)

More than 1 agent might have been used in the same patient.
M694V/V726A, M694V/Q202Q, M694V/E148Q, E148Q/R202Q, R202Q/V726A, M680I/V726A and M680I/R761H were detected in 1 patient. MEFV: Mediterranean Fever
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support to the consideration that R202Q is one of the causative

in the M694V/R202 subgroup. When taken together, these two

genetic abnormalities in the pathogenesis of FMF. In addition

studies suggest that R202Q alteration alleviates the disease

to the contribution to the debate about whether the R202Q

course in patients with M694V mutation, which is known to be

has a role in FMF or not, our study also gives evidence about

associated with more severe disease.

the clinical significance of the R202Q alteration in patients

Colchicine has been used since the 1970s to prevent or at

with FMF. When we compared the compound heterozygous

least to reduce frequency and severity of FMF attacks and more

mutations M694V/R202Q with other mutations, we found

importantly to prevent the development of amyloidosis. The

that M694V/R202Q was associated with fewer frequencies of

use of colchicine in sufficient doses prevents amyloidosis, the

myalgia and peritonitis, and with good response to colchicine,

most important complication of FMF, and provides amelioration

in other words, with better course of the disease. This finding is

in patients who develop amyloidosis (3,13). However, its

somewhat consistent with the study of Çankaya et. al. (12), in

preventive effect is applicable only when it is used regularly. We

which they detected that frequencies of symptoms were lower

concluded in our study that 136 (86.1%) of patients received

Table 3a. Relationship between MEFV mutation type and clinical findings
MEFV mutation

Clinical finding
No/Yes

p value

No

Yes

No

19 (32.8)

39 (67.2)

Yes

18 (18.0)

82 (82.0)

No

14 (35.0)

26 (65.0)

Yes

23 (19.5)

95 (80.5)

No

109 (89.3)

13 (10.7)

Yes

27 (75.0)

9 (25.0)

No

127 (88.8)

16 (11.2)

Yes

9 (60.0)

6 (40.0)

No

91 (87.5)

13 (12.5)

Yes

54 (100.0)

0 (0.0)

M694V
Family history of FMF
Arthritis

0.035
0.045

E148Q
Orchitis
Family history of hemodialysis

0.029
0.002

V726A
Non-periodic myalgia

0.005

FMF: Familial Mediterranean Fever, MEFV: Mediterranean Fever

Table 3b. Relationship between M694V compound heterozygosity mutation type and clinical findings
MEFV mutation

Clinical finding
No/Yes

No

Yes

No

11 (64.7)

6 (35.3)

Yes

131 (92.9)

10 (7.1)

No

68 (84.0)

13 (16.0)

Yes

74 (96.1)

3 (3.9)

No

26 (96.3)

1 (3.7)

Partial

90 (92.8)

7 (7.2)

Complete

26 (76.5)

8 (23.5)

No

18 (85.7)

3 (14.3)

Yes

135 (98.5)

2 (1.5)

No

148 (98.0)

3 (2.0)

Yes

5 (71.4)

2 (28.6)

p value

M694V/R202Q
Peritonitis
Myalgia
Colchicine response

<0.001
0.016
0.012

M694V/M680I
Arthralgia
Acute arthritis
MEFV: Mediterranean Fever

0.017
0.016
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Table 4. Relationship between MEFV mutation type and Familial Mediterranean Fever-severity score
FMF-severity score (F-SS-2)

MEFV mutation
M694V

R202Q
E148Q
M680I
V726A
M694V/R202Q

Mild, n (%)

Moderate, n (%)

Severe, n (%)

No

12 (32.4)

6 (16.2)

19 (51.4)

Yes

14 (11.6)

32 (26.4)

75 (62.0)

No

13 (21.0)

13 (21.0)

36 (58.1)

Yes

13 (13.5)

25 (26.0)

58 (60.4)

No

21 (15.4)

33 (24.3)

82 (60.3)

Yes

5 (22.7)

5 (22.7)

12 (54.5)

No

23 (18.0)

30 (23.4)

75 (58.6)

Yes

3 (10.0)

8 (26.7)

19 (63.3)

No

23 (15.9)

34 (23.4)

88 (60.7)

Yes

3 (23.1)

4 (30.8)

6 (46.2)

No

23 (16.2)

34 (23.9)

85 (59.9)

Yes

3 (18.8)

4 (25.0)

9 (56.2)

p value
0.010
0.427
0.693
0.567
0.587
0.954

FMF: Familial Mediterranean Fever, F-SS-2: FMF-severity score-2, MEFV: Mediterranean Fever

colchicine treatment regularly with a mean of 1.4±0.3 mg/day,
consistent with our previous knowledge. Consequently, in this
cohort with a high rate of regular colchicine usage, 27 patients
(17.1%) did not respond to treatment despite the maximum dose
of colchicine.
Although many scoring systems were established to
determine the disease severity, F-SS-2 scoring system was
used in our study. This scoring scale, developed by Mor et al. (4),
distinguishes severity disease from non-severity disease by over
92% sensitivity and specificity. As discussed above, the severity
of the disease is assessed in terms of response to colchicine
treatment and clinical findings. In addition, the MEFV gene
mutations that patients have may affect the clinical symptoms
in some cases. In this regard, studies have been carried out to
demonstrate the prognosis and predict the clinical severity of the
disease, that is, the genotype- phenotype relationship. The most
striking mutation type in FMF patients in terms of genotypephenotype relationship is M694V. In our study, M694V mutation
was associated with more severe disease (p=0.01). The
previous studies on this subject supported our findings (14,15).
Yilmaz et al. (16) used the Pras severity score differently, and
the disease severity score was also high in those carrying the
M694V mutation.
E148Q and V726A mutations in our cohort were observed
less frequently than mutations M694V, R202Q and M680I.
It has been suggested that the E148Q mutation may be a
polymorphism with low penetration, but not a mutation that
causes the disease (17). With respect to this mutation,
another important relationship found in our study was that
the E148Q mutation was associated with the orchitis and
family history of hemodialysis due to end-stage renal failure
secondary to FMF. A quite similar finding in the literature was

reported by Gershoni-Baruch et al. (15), and they found an
increased risk of renal amyloidosis as much as those carrying
the M694V mutation in those carrying the V726A/E148Q
mutation. However, they concluded that the risk of renal
amyloidosis was increased by the V726A allele. One of the
clinically important findings of our study is related to V726A
mutation. Our results suggest a somewhat protective effect of
this mutation since non-periodic myalgia was observed in 54
(34.2%) patients, but was not observed in patients carrying
the V726A mutation. This finding needs further confirmation,
but it should be kept in mind that non-periodic myalgia has not
been widely examined in genotype-phenotype association
studies.
One of the major limitations of our study was the inequality
of female and male patient numbers. This may be due to the fact
that consecutive patients that met the criteria of inclusion were
included and that the majority of the patients followed up were
men. Also, mutation studies were not performed in the parents
for individuals with compound mutations.

Conclusion
R202Q polymorphism is frequently encountered in FMF
patients both as heterozygous and homozygous. We think
that R202Q polymorphism has a role in the expression of the
disease. It is associated with milder clinical findings, reduced
disease severity and increased rates of response to colchicine,
when found in combination with M694V, which is known to
be associated with severe disease course. In this respect,
it can also provide opportunities for clinicians in the followup of patients with FMF, in terms of disease progression and
treatment options. For this reason, R202Q polymorphism should
be considered in the routine genetic analysis of the disease.
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