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Abstract

Background: MEFV mutations and decreased expression level of the gene are related to FMF pathology. DNA
methylation at CpG islands is a well-known mechanism for transcriptional silencing. MEFV has a CpG island,
spanning a part of the first intron and the whole of the second exon of the gene covering 998 bp region. Here,
we tested the hypothesis that the MEFV transcript level in FMF patients correlates with its methylation level, and
methylation, by allowing transcription silencing, has a role in FMF ethiopathogenesis.

Methods: The study group was composed of pediatric FMF patients (N = 51) and age-gender matched healthy
controls (N = 21). The relative expression level of MEFV was assessed via quantitative real-time PCR (qRT-PCR) and
bisulfite sequencing (BS) was performed to analyse the methylation level quantitatively.

Results: MEFV expression in FMF patients were decreased compared to healthy controls (P = 0.031). Methylation level
of exon 2 of MEFV was found to be slightly higher in FMF patients compared to healthy controls (76% versus 74%) (P =
0.049). The expression level of the MEFV was negatively correlated with the methylation level of the CpG island in both
FMF and healthy controls groups (cor = -0.29, P = 0.041) but more so in the FMF only group (cor = -0.36, P = 0.035).

Conclusions: In this study, the relation between reduced MEFV expression level and FMF was confirmed. Observed
slight increase in methylation in FMF patients, and correlation of methylation with expression might be indicative
of its role in FMF, however a larger dataset is needed to confirm our preliminary findings.

Background
Familial Mediterranean Fever (FMF) is an autoinflamma-
tory disease that commonly affects Mediterranean people;
mostly Turks, Jews, Armenians and Arabs. Typical symp-
toms of the disease are recurrent attacks of fever, and the
inflammation of serosal membranes with abdominal pain
[1]. MEFV is the first identified inflammatory gene, which
is responsible for FMF [2,3]. Approximately 70 variations
on MEFV gene are related to FMF. The most common
five mutations, M694V, M694I, M680I and V726A in
exon10 and E148Q in exon 2, are attributed approximately
%80 of disease associated alleles in FMF patients coming
from Mediterranean ancestry with clear clinical criteria
[4-6].

MEFV gene encodes Pyrin/Marenostrin which is mainly
expressed in neutrophils, eosinophils, cytokine activated
monocytes, dendritic cells and synovial fibroblasts. Pyrin/
Marenostrin has a role in inflammation by activation of
caspase-1, which is responsible for the maturation of IL-1b
and by activation of NF-�B. Recent studies show that
Pyrin/Marenostrin is an inflammatory regulator, which
acts as pro-inflammatory and anti-inflammatory [7,8]. Sev-
eral different transcript isoforms were shown, MEFV-d2,
MEFV-8ext, MEFV-4a, MEFV-2a, del34, del234, del2345,
del7, del78, in previous studies. Full-length Pyrin/Marenos-
trin, 781 amino acids, is located at cytoplasm and related
with microtubule and actin filaments by B30.2 domain of
Pyrin/Marenostrin. Alternatively spliced form of Pyrin/
Marenostrin, translated from the exon 2 lacking MEFV-d2
transcript, which is 570 amino acids long, is located mainly
at the nucleus [9-11]. MEFV gene is regulated by non-
sense-mediated decay and different isoforms of MEFV
transcripts have different cellular localization and functions
in inflammation [12].
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It is shown that the MEFV mRNA level is decreased in
FMF patients compared to healthy controls and
decreased mRNA expression level was correlated with
mutation number [13]. Furthermore, the MEFV expres-
sion level was found to be more decreased in FMF
patients during attacks. This indicates that the lower
mRNA levels of MEFV are related to inflammation [14].
Despite two previous studies, a more recent study found
that the MEFV expression level was not significantly dif-
ferent in groups, even slightly higher in FMF patients
compared to healthy controls. Further Pyrin/Marenostrin
levels in granulocytes were found significantly higher in
FMF patients [15].
DNA methylation, the most common epigenetic mechan-

ism, occurs at the cytosine bases in CpG islands present in
the gene promoter [16]. In addition to that, methylation of
CpG islands at first and second exons cause also transcrip-
tional silencing by preventing the RNA polymerase II tran-
scription elongation [17].
The MEFV gene contains a CpG island spanning the

complete second exon and a part of first intron. Since,
methylation is an important mechanism of gene regula-
tion and the lower expression of MEFV is associated with
FMF and inflammation, methylation at the second exon
of MEFV might have a role in FMF pathology. In this
study, we aimed to compare MEFV expression and
methylation levels between FMF patients and healthy
controls.

Methods
Sample Information
Peripheral leukocytes were obtained from 51 FMF patients
(26 female, 25 male) and 21 healthy children (8 female, 13
male) who came to the Pediatric Outpatient Clinic of Cer-
rahpasa Medical Faculty, Istanbul University. None of the
patients had attacks of serositis and fever at the time of
sample collection. All FMF patients were on Colchicine.
The mean age of FMF patients were 10.3 ± 4.02 and
healthy controls were 8 ± 3.71. The control group was
chosen among children who came to the clinic either for a
general check up or were diagnosed with a non - inflam-
matory disease. The Ethics Review Committee of Istanbul
University Cerrahpasa Medical Faculty approved the
study. The parents of children were informed and consent
forms were fulfilled.

Mutation Analysis
Genomic DNA was isolated from venous blood samples
using DNA Isolation Kit for Mammalian Blood (Roche
Diagnostics, Mannheim, Germany). To analyse the most
common 5 mutations in Turkish population; E148Q,
M680I, M694I, M694V and V726A, PCR-RFLP method
was used [18].

Gene Expression Analysis
Total RNA was isolated from whole leukocytes using High
Pure RNA Isolation Kit (Roche Diagnostics, Mannheim,
Germany). For prevention of RNA degradation, cDNA
synthesis was done immediately followed by total RNA
isolation by using Transcriptor First Strand cDNA Synth-
esis Kit (Roche Diagnostics, Mannheim, Germany). In 51
FMF patients and 11 healthy controls, probe based quanti-
tative real - time PCR was done by LightCycler® TaqMan
Master Kit (Roche Diagnostics, Mannheim, Germany) and
performed at LightCycler® 2.0 system to measure MEFV
mRNA level. Primer and probes were designed at Univer-
sal ProbeLibrary website of Roche http://www.roche-
applied-science.com/sis/rtpcr/upl/index.jsp?id=UP030000.
The primer set spanning to the junction of exon 4-5 and
UPL Probe8 were used for quantitative real time PCR. The
primer sequences were as follows; Forward: 5’- AGGAG-
CAGCGATCCTATGG-3’ and reverse: 5’-CAGCGCTT-
CAGTTTGTTTCA-3’. This set detects transcripts with or
without exon 2 MEFV.
The B2M gene was used as a reference gene (B2M

Gene Assay-Roche Diagnostics, Mannheim, Germany).
The relative expression level was calculated using ΔCT

method (ΔCT= CT of b2M - CT of MEV, 2-ΔCT value
indicates the fold change between target gene and refer-
ence gene) [19].

Methylation Analysis
Bisulfite treatment was done to obtain two different DNA
sequences for methylated and unmethylated forms accord-
ing to the supplier’s protocol of the CpGenome DNA
Modification Kit (Millipore, Billerica, MA, USA). Bisulfite
sequencing (BS) was performed to measure the methyla-
tion status of second exon of MEFV gene. To amplify 41
CG dinucleotides at second exon of the gene, BS primers
which are common for both bisulfite treated methylated
and bisulfite treated unmethylated sequences were
designed using MethPrimer software [20]. The primer
sequences were as follows; Forward: 5’- GTTTTTTGGGG
GAGAATAAG -3’ and Reverse: 5’ - TTTCCAAAACCTT
CCTTCAAAT -3’. After PCR with BS primers, sequencing
was performed (ABI PRISM® 3100 Analyzer, Applied
Biosystems, Foster City, CA). To analyse sequencing,
alignment was done using QUantification tool form
Methylation Analysis (QUMA) [21] and cytosine peak
height (x) and thymidine peak height (y) were measured
for each CpG using ChromasPRO. Relative cytosine peak
height was calculated by x/x+y formulas.

Statistical Analysis
Mutation results between FMF patients and healthy
controls were analysed by Chi square test and expres-
sion and methylation variations between FMF patients
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and healthy controls were analysed by using Student’s t-
test. Correlation between expression and methylation
levels was done by the Spearman correlation analysis.
All statistical analyses were done using GraphPad Prism
5 software.

Results
Genotyping Analysis
MEFV allele frequencies were compared between FMF
patients and healthy controls. The observed allele fre-
quencies are given in table 1. Significantly, differences
were found between the mutations frequencies of FMF
patients and healthy controls (Mantel Haenszel chi
square = 9.912 (P = 0.0016), Odds Ratio: 2.7689 95% CI:
1.7302< O.R. <14.7894).

MEFV Expression
Relative expression levels were calculated for FMF
patients (N = 51) and healthy controls (N = 11) by the
ΔCT method [19]. We observed that the MEFV expres-
sion level was significantly decreased in FMF patients
compared to healthy controls (about 2 fold, P = 0.03)
(Figure 1). We did not find significant differences
between FMF patients with mutations and FMF patients
without mutations (P = 0.70) (data not shown).

Methylation Level of The Second Exon of MEFV
The second exon of MEFV was found to comprise high
CG content (66%) and a 568 bp region containing 41
CpG dinucleotides corresponding to the whole of sec-
ond exon was selected for methylation analysis.
Methylation levels of the second exon of MEFV were

compared between 30 FMF patients and 21 healthy con-
trols by bisulfite sequencing (BS). The rest of the sample
could not be analysed because of methodological problems
that arose during BS. It is observed that the methylation
level is slightly but significantly higher in FMF patients
compared to healthy controls (P = 0.049) (Figure 2). Nega-
tive correlation between methylation and expression levels
was found in both groups (cor = -0.29, P = 0.041), but this
was higher in FMF samples-only group (cor = -0.36, P =
0.035) (Figure 3). Differences in methylation correlated

with expression levels between FMF patients and controls
can also be seen in Figure 4 where the higher MEFV
expression is correlated with lower methylation in FMF
group and the opposite is true for the control group.

Table 1 MEFV mutations frequency comparisons between
FMF patients and healthy controls

Variation FMF Allele Frequency
N = 102

Healthy Control Allele Frequency
N = 22

M694V 45% -

M680I 5.8% 13.6%

V726A 1.9% 4.5%

M694I - -

E148Q 6.8% 4.5%

TOTAL 59.5% 22.6%

Figure 1 Expression Level of MEFV in FMF patients and
Healthy Controls. Expression levels were measured by quantitative
real time PCR analysis. RNA was obtained from peripheral leukocytes
as described in materials and methods. B2M gene was used as
reference gene and ΔCT method were used to relative
quantification. MEFV mRNA level was analyzed in 51 FMF patients
and 11 healthy controls. The bars represent standard deviations.
Two tail Student’s t-test was used to compare the MEFV expression
levels. The expression was significantly lower in FMF patients
compared to healthy controls (P = 0.031).

Figure 2 MEFV Methylation Levels in FMF Patients and Healthy
Controls. MEFV second exon methylation percentage in FMF
patients and healthy controls. Bisulfite sequencing was performed in
30 FMF patients and 21 healthy controls genomic DNAs that were
obtained from peripheral leukocytes. The bars represent standard
deviations. Statistical analysis was done using one tail Student’s t-
test. Methylation level was observed slightly but significantly higher
in FMF patients compared to healthy controls (P = 0.049).
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Discussion
Bioinformatic analysis showed that the MEFV gene has
high CG content (66%) at the second exon within a
CpG island of 568 bp. Here we aimed to investigate the

correlation between MEFV exon 2 methylation with its
expression, as methylation is a known mechanism for
decreasing gene expression and MEFV mRNA expres-
sion has been known to be reduced in FMF patients.
Initially we compared the expression levels of MEFV

in 51 FMF patients and 11 healthy controls. The expres-
sion level of the gene was significantly lower in FMF
patients (≈ two fold, P = 0.03). Our expression results
were consistent with two previous studies [13,14]. We
also compared MEFV mRNA levels between FMF
patients with mutations and FMF patients with no iden-
tified mutations. Contrary to previous studies, we did
not observe significant association between mutations
and expression levels of MEFV in FMF patients with or
without mutations; still, the expression level was slightly
higher in individuals without mutations. However due
to a small sample size, our study might be underpow-
ered to detect a significant difference.
Cytokines, such as TNF-a, IL-2 and IL-6 are known to

be associated with inflammatory diseases. The methylation
status of IL-6 promoter site was found to be lower in
rheumatoid arthritis patients compared to healthy controls
[22,23]. In addition to the effect of methylated promoters
on transcript levels, methylation of intragenic regions are
also known to cause reduction in expression by preventing
RNA Polymerase II elongation efficiency [17]. In this

Figure 3 Correlation Between Expression and Methylation Levels of MEFV. Negative correlation between expression and methylation levels
of MEFV was observed using Spearman pairwise correlation analysis. (A) Correlation between MEFV mRNA expression and methylation levels in
FMF patients (cor = -0.36, P= 0.035). (B) Negative correlation was also obtained between expression and methylation levels of MEFV when both
groups analysed (cor = -0.29, p = 0.041).

Figure 4 Expression and Methylation Levels of MEFV in FMF
Patients with Lowest Expression Level and Healthy Controls
with Highest Expression Level. MEFV expression and methylation
levels were compared between FMF patients with lowest expression
level (N = 4) and healthy controls with highest expression level (N =
4). The expression level is given as 2-ΔCTX 100. Error bars represent
standard deviation.

Kirectepe et al. BMC Medical Genetics 2011, 12:105
http://www.biomedcentral.com/1471-2350/12/105

Page 4 of 6



study, for the first time to our knowledge, methylation
levels of 41 CG dinucleotides at the MEFV second exon
were compared between 30 FMF patients and 21 healthy
controls using bisulfite sequence analysis. Methylation was
found slightly but significantly higher in FMF patients
than healthy controls (76% versus 74%) (one tail P =
0.049). Negative correlation between expression and
methylation was observed in all samples (cor = -0.29, P =
0.041), which was higher when only FMF patients were
analysed (cor = -0.36, P = 0.035). The power of the analy-
sis can be increased using a larger sample set.
Here we solely focused on methylation in exon 2 even if

the CpG island compasses part of the first and second
introns because of two reasons. One is that our hypothesis
is about exon and not intron methylation as nucleosome
positioning has shown to be more important in exons
[24]. Secondly the majority of the CpG’s are within the
exon 2 (46/61) such that the first intron is 1520 bp long
and it contains 11 CpG within the last 264 bp and there
are 4 more CpGs within the beginning of the second
intron, whereas the whole of exon 2 is occupied with
CpGs. However our ongoing studies involve the examina-
tion of the intron methylation pattern as they also have
been implicated in gene expression regulation [25].
We observed a wide range of standard deviations from

both methylation and expression data (Figures 1 and 2).
This can be caused by the fact that we used total leukocyte
from FMF patients and healthy controls for analysis.
MEFV expression level shows differences between leuko-
cyte types such that there is no MEFV expression in
lymphocytes. Additionally, we did not have the exact
information about different leukocyte levels which varies
from patient to patient, which lowers the resolution of the
data. Currently we are doing our analysis on subpopula-
tions of leukocytes i.e. monocytes and neutrophils.
MEFV gene has been shown to produce different tran-

scripts through alternative splicing [9-11]. In vitro studies
indicated that exon 2 deleted form (MEFV-d2) has a
nuclear localization in leukocytes and MEFV-d2: MEFV-fl
(full length) transcript ratio was about 3 fold higher in
mononuclear cells than in polymorphonuclear leukocytes
[9]. One way to test the role of exon 2 and its methylation
in expression in vitro is to do cell transfection studies with
alternative MEFV transcripts containing constructs. Full
length MEFV and two MEFV variants, exon 2 fully spliced
and exon 2 partially spliced (which only contain 9 CG
dinucleotides as opposed to 41 CG dinucleotides) forms
cloned into phCMV-CLUC vectors, along with methylated
forms were transfected into HeLa cells. According to our
preliminary results, the second exon fully spliced form of
MEFV was the highest in expression, and the full length
was the lowest in expression. Exon 2 partially spliced form
of MEFV was the middle compared to full length and
second exon fully spliced forms (data not shown) [26].

Furthermore we have also shown increased exon 2 spliced
form in FMF patients compared to controls (P = 0.026),
which may indicate a possible connection between methy-
lation and alternative splicing at this site [27]. These find-
ings are in accordance with our finding that the presence
of exon 2 and its methylation cause a decrease in gene
expression. Further in vitro and in vivo studies with differ-
ent leukocyte cell types are required to determine the
effect of exon 2 methylation in gene expression in correla-
tion with different alternatively spliced forms.

Conclusions
In summary, we confirmed the association between
reduced expression level of MEFV and FMF disease. Differ-
ent methylation levels of the gene between FMF patients
and healthy controls were observed, both groups having
mostly methylated exon 2, but methylation was higher in
FMF patients. To reveal the exact role of MEFV methyla-
tion in FMF and its relation to inflammation, we also aim
to increase the sample size and analyse FMF patients
during inflammatory attacks along with other auto-inflam-
matory and non-inflammatory disease control groups.

Acknowledgements
This study was granted by National Women in Science L’Oreal, The Turkish
Academy of Sciences award 2007. We would like to thank Dr Mehmet
Somel for his support in statistical analysis. We also would like to thank the
children and their parents who participated in this study.

Author details
1Institute of Science and Technology, Molecular Biology Genetics and
Biotechnology Graduate Program, Istanbul Technical University, Istanbul,
Turkey. 2Cerrahpasa Medical Faculty, Department of Pediatric Rheumatology,
Istanbul University, Istanbul, Turkey. 3Cerrahpasa Medical Faculty, Department
of Rheumatology, Istanbul University, Istanbul, Turkey. 4Faculty of Science
and Letters, Department of Molecular Biology and Genetics, Istanbul
Technical University, Istanbul, Turkey.

Authors’ contributions
AKK carried out the molecular genetic studies, including methylation and
expression analysis, did the statistical analyses, collected the sample material
and drafted the manuscript. OK, NA, GH and HO have provided the clinical
evaluation of the sample. GCE did the in vitro methylation and expression
analyses. ETT participated in the design of the study, performed the
statistical analysis, did the coordination, obtained the funding of the study,
and helped in writing the manuscript. All authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 1 October 2010 Accepted: 7 August 2011
Published: 7 August 2011

References
1. Stojanov S, Kastner DL: Familial autoinflammatory diseases: genetics,

pathogenesis and treatment. Curr Opin Rheumatol 2005, 17(5):586-99.
2. Ancient missense mutations in a new member of the RoRet gene family

are likely to cause familial Mediterranean fever. The International FMF
Consortium. Cell 1997, 90(4):797-807.

3. Bernot A, Clepet C, Dasilva C, Devaud C, Petit JL, Caloustian C, Cruaud C,
Samson D, Pulcini F, Weissenbach J, Heilig R, Notanicola C, Domingo C,
Rozenbaum M, Benchetrit E, Topaloglu R, Dewalle M, Dross C, Hadjari P,

Kirectepe et al. BMC Medical Genetics 2011, 12:105
http://www.biomedcentral.com/1471-2350/12/105

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/16093838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16093838?dopt=Abstract


Dupont M, Dernaille J, Touitou I, Smaoui N, Nedelec B, Mery JP,
Chaabouni H, Delpech M, Grateau G: A candidate gene for familial
Mediterranean fever. Nature genetics 1997, 17(1):25-31.

4. Sarrauste de Menthière C, Terrière S, Pugnère D, Ruiz M, Demaille J,
Touitou IL: INFEVERS: the Registry for FMF and hereditary inflammatory
disorders mutations. Nucleic Acids Res 2003, 31(1):282-5[http://fmf.igh.cnrs.
fr/ISSAID/infevers/], INFEVERS database.

5. Touitou I, Lesage S, McDermott M, Cuisset L, Hoffman H, Dode C,
Shoham N, Aganna E, Hugot JP, Wise C, Waterham H, Pugnere D,
Demaille J, Sarrauste de Menthiere C: Infevers: an evolving mutation
database for auto-inflammatory syndromes. Hum Mutat 2004, 24(3):194-8.

6. Milhavet F, Cuisset L, Hoffman HM, Slim R, El-Shanti H, Aksentijevich I,
Lesage S, Waterham H, Wise C, Sarrauste de Menthiere C, Touitou I: The
infevers autoinflammatory mutation online registry: update with new
genes and functions. Hum Mutat 2008, 29(6):803-8.

7. Chae JJ, Wood G, Masters SL, Richard K, Park G, Smith BJ, Kastner DL: The
B30.2 domain of pyrin, the familial Mediterranean fever protein,
interacts directly with caspase-1 to modulate IL-1beta production. Proc
Natl Acad Sci USA 2006, 103(26):9982-7.

8. Chae JJ, Aksentijevich I, Kastner DL: Advances in the understanding of
familial Mediterranean fever and possibilities for targeted therapy. Br J
Haematol 2009, 146(5):467-78.

9. Papin S, Duquesnoy P, Cazeneuve C, Pantel J, Coppey-Moisan M,
Dargemont C, Amselem S: Alternative splicing at the MEFV locus
involved in familial Mediterranean fever regulates translocation of the
marenostrin/pyrin protein to the nucleus. Hum Mol Genet 2000,
9:3001-3009.

10. Diaz A, Hu C, Kastner DL, Schaner P, Reginato AM, Richards N, Gumucio DL:
Lipopolysaccharide-induced expression of multiple alternatively spliced
mefv transcripts in human synovial fibroblasts: A prominent splice
isoform lacks the c-terminal domain that is highly mutated in familial
mediterranean fever. Arthritis Rheum 2004, 50(11):3679-89.

11. Medlej-Hashim M, Nehme N, Chouery E, Jalkh N, Megarbane A: 1Novel
MEFV transcripts in Familial Mediterranean fever patients and controls.
BMC Med Genet 2010, 11:87.

12. Grandemange S, Soler S, Touitou I: Expression of the familial
Mediterranean fever gene is regulated by nonsense-mediated decay.
Hum Mol Genet 2009, 18(24):4746-55.

13. Notarnicola C, Didelot MN, Kone-Paut I, Seguret F, Demaille J, Touitou I:
Reduced MEFV messenger RNA expression in patients with familial
Mediterranean fever. Arthritis Rheum 2002, 46(10):2785-93.

14. Ustek D, Ekmekci CG, Selcukbiricik F, Cakiris A, Oku B, Vural B, Yanar H,
Taviloglu K, Ozbek U, Gul A: Association between reduced levels of MEFV
messenger RNA in peripheral blood leukocytes and acute inflammation.
Arthritis Rheum 2007, 56(1):345-50.

15. Booty MG, Chae JJ, Masters SL, Remmers EF, Barham B, Le JM, Barron KS,
Holland SM, Kastner DL, Aksentijevich I: Familial Mediterranean fever with
a single MEFV mutation: where is the second hit? Arthritis Rheum 2009,
60(6):1851-61.

16. Maunakea AK, Chepelev I, Zhao K, Bruneau B: Epigenome mapping in
normal and disease States. Circ Res 2010, 107(3):327-39.

17. Lorincz MC, Dickerson DR, Schmitt M, Groudine M: Intragenic DNA
methylation alters chromatin structure and elongation efficiency in
mammalian cells. Nat Struct Mol Biol 2004, 11(11):1068-75.

18. Booth DR, Lachmann HJ, Gillmore JD, Booth SE, Hawkins PN: Prevalence
and significance of the familial Mediterranean fever gene mutation
encoding pyrin Q148. Q J Med 2001, 94(10):527-531.

19. Schmittgen TD, Livak KJ: Analyzing real-time PCR data by the
comparative C(T) method. Nat Protoc 2008, 3(6):1101-8.

20. Li LC, Dahiya R: MethPrimer: designing primers for methylation PCRs.
Bioinformatics 2002, 18(11):1427-31.

21. Kumaki Y, Oda M, Okano M: QUMA: quantification tool for methylation
analysis. Nucleic Acids Res 2008, , 36 Web Server: W170-5.

22. Trenkmann M, Brock M, Ospelt C, Gay S: Epigenetics in rheumatoid
arthritis. Clin Rev Allergy Immunol 2010, 39(1):10-9.

23. Nile CJ, Read RC, Akil M, Duff GW, Wilson AG: Methylation status of a
single CpG site in the IL6 promoter is related to IL6 messenger RNA
levels and rheumatoid arthritis. Arthritis Rheum 2008, 58(9):2686-93.

24. Schwartz S, Ast G: Chromatin density and splicing destiny: on the cross-
talk between chromatin structure and splicing. The EMBO Journal 2010,
29(10):1629-1636.

25. Unokia M, Nakamura Y: Methylation at CpG islands in intron 1 of EGR2
confers enhancer-like activity. FEBS Letters 2003, 554(1-2):67-72.

26. Tahir Turanli E, Kirectepe A, Kasapcopur O, Celikyapi G, Hatemi G, Arisoy N,
Ozdogan H: Analysis of MEFV exon methylation and expression patterns
in FMF. Autoinflammation 2010, 6th International Congress on FMF and SAID:
2-6 September 2010; Amsterdam P02.04 35.

27. Kirectepe AK, Erdem GC, Senturk N, Arisoy N, Hatemi G, Ozdogan H,
Kasapcopur O, Tahir Turanli E: Increased expression of exon 2 deleted
MEFV transcript in familial Mediterranean fever patients. Int J
Immunogenet 2011, 38(4):327-9.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2350/12/105/prepub

doi:10.1186/1471-2350-12-105
Cite this article as: Kirectepe et al.: Analysis of MEFV exon methylation
and expression patterns in familial Mediterranean fever. BMC Medical
Genetics 2011 12:105.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kirectepe et al. BMC Medical Genetics 2011, 12:105
http://www.biomedcentral.com/1471-2350/12/105

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/9288094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9288094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12520003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12520003?dopt=Abstract
http://fmf.igh.cnrs.fr/ISSAID/infevers/
http://fmf.igh.cnrs.fr/ISSAID/infevers/
http://www.ncbi.nlm.nih.gov/pubmed/15300846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15300846?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18409191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18409191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18409191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19466978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19466978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11115844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11115844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11115844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15529356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20534143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20534143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19755381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19755381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12384939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12384939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17195238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19479870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19479870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20689072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20689072?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15467727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15467727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15467727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18546601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18546601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12424112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19707891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19707891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18759290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18759290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18759290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20407423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20407423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14596916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14596916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21615705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21615705?dopt=Abstract
http://www.biomedcentral.com/1471-2350/12/105/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample Information
	Mutation Analysis
	Gene Expression Analysis
	Methylation Analysis
	Statistical Analysis

	Results
	Genotyping Analysis
	MEFV Expression
	Methylation Level of The Second Exon of MEFV

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


