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The MEFV gene, responsible for familial Mediterranean fever (FMF), is involved in inflammatory
reactions through altered leukocyte apoptosis, secretion of interleukin (IL)-1, and activation of the
NF-«B pathway. Ulcerative Colitis (UC) and FMF are both characterized by a recurrent pattern of
presentation with periods of remission and flares associated with neutrophilic infiltration at the site of
injury. The aim of this study was to investigate the possible correlation between UC and MEFV gene
alterations. Twenty-five consecutive, first-diagnosed and untreated UC patients, 28 control patients
with rheumatoid arthritis, and 65 normal individuals were analyzed. Nonisotopic RNase Cleavage
Assay (NIRCA) was applied as a first-step mutational screening method of exons 10 and 2 of MEFV
gene; direct sequencing was subsequently performed to confirm the results. MEFV mutations were
identified in 7 (3 M694V/0, 2 M6801/0, 1 E148Q/E148Q, and 1 A744S/0) out of 25 UC patients
versus 1 (M694V/0) out of 28 rheumatoid arthritis patients (P = .0199) and 1 (M694V/0) out of
65 healthy controls (P = .0004). Four out of 7 patients with MEFV mutations had inflammatory
arthritis, a clinical finding that was not observed in the 18 UC patients with unmutated MEFV
(P = .0028). Patients with UC almost universally carried the T A C G MEFV exon 2 haplotype
in contrast with normal individuals (P < .0001) and FMF patients (P = .0310). In conclusion the
increased frequency of mutations of MEFV in UC patients, especially in those with episodic arthritis,
suggests a possible modifying effect of MEFV in the disease process and its localization within the
joint. The difference in distribution of MEFV exon 2 haplotypes between UC patients and both FMF
patients and normal individuals, suggests that UC patients constitute a genetically distinct population.
Larger, longitudinal studies are needed to confirm these initial findings.
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Familial Mediterranean fever (FMF) is the prototype of the
periodic inflammatory clinical syndromes, characterized
by acute episodes of fever and inflammation painful in the
abdomen, chest and joints (1). Although there are estab-
lished criteria for the diagnosis of FMF, an unexplained
clinical heterogeneity is not uncommon (1). In 1997 the
gene linked to FMF, called MEFV, was cloned and some of
the mutations associated with the disease were identified
(2, 3). To date, >50 mutations have been described and the
autosomal recessive inheritance of the disease has been es-
tablished (4). Molecular analysis of MEFV is a useful tool
in clinical practice, mainly in the atypical forms of the dis-
ease (4). However, many clinically typical FMF patients
are heterozygous or no disease-associated mutations are
found (4-6).

The protein encoded by the MEFV gene, termed pyrin or
marenostrin, includes a PYRIN domain (PYD), which has
been already analyzed crystallographically (7). However,
the precise function of the entire pyrin protein is still un-
known (2, 3, 8). Experiments performed on animal models
and cell lines, as well as the presumed structure of pyrin
and the presence of certain protein domains, suggest that
the wild type of the protein has anti-inflammatory proper-
ties (8—10). Pyrin presumably participates in a complex in-
terplay with the PYD protein superfamily, lipopolysaccha-
ride (LPS) via Toll-like receptor family and procaspase-1
activation, and is implicated in the homeostatic control
of inflammation through leukocyte apoptosis, IL-18, and
NF-«B pathway activation (8, 9, 11).

Ulcerative colitis (UC) is an inflammatory disease of the
rectal and colonic mucosa characterized by periodicity and
relapse of clinical features in combination with neutrophil
infiltration at the site of injury during the active phase (12).
Although the pathogenesis of the disease is still unclear,
environmental, immune, and genetic factors have been im-
plicated (13). UC is more common in family members of
affected individuals and a certain ethnic groups, such as
Jews, raising the possibility for a genetic basis of the dis-
ease (14). Identification of the spectrum of genes involved
in the pathogenesis of UC could provide important insights
regarding the nature of the environmental and immunolog-
ical factors that trigger and drive the disease process (13).
The absence, however, of a simple Mendelian pattern of
inheritance suggests that multiple genes and their expres-
sion products contribute to a person’s risk to the disease
(15). Today, the genetics of UC is an area of increased
interest.

UC and FMF share common clinical and biological
features. Abdominal inflammation with infiltration by
neutrophils—as the main cellular population—at the site
of injury, periodicity and relapse of clinical features, as
well as the involvement of joints are some examples
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(1, 12, 13) Recent data suggest that abnormal regulation of
apoptosis along with the involvement of IL-18 and NF-« B
pathway could be implicated in both UC and FMF (8, 9, 13,
15). Epidemiologic data in non-Askhenazi Jews indicate
that inflammatory bowel disease (IBD)—Crohn’s disease
plus UC—is more common and severe in patients with
FMF (14), raising the possibility of a modifying effect of
the MEFV gene in the expression of certain inflammatory
diseases. Furthermore, no significant association of MEFV
mutations and Crohn’s disease was revealed in recent stud-
ies (16, 17). However, in UC patients without signs of FMF
and a free familial history, the frequency of MEFV alter-
ations is unknown. All these observations prompted us
to study a group of consecutive UC patients, exploring a
possible association between UC and the MEFV gene.

METHODS

Study Subjects

The study population consisted of 25 unrelated and naive UC
patients diagnosed between October 2002 and March 2005 at
the University Hospital of Alexandroupolis, Greece. For the pur-
poses of this study we included 3 control groups. First, because
the incidence of individuals heterozygous for MEFV mutations
is to date unknown in Greece, we included 65 randomly chosen
healthy individuals with no FMF history, inhabiting the same
geographical region as the UC patients (northeastern Greece);
this number should be adequate to examine the incidence of the
MEFYV mutations in our population. In addition, 28 patients with
rheumatoid arthritis were also included in the study, serving as
an internal disease control group for a disease with a nonepisodic
pattern of inflammation. Finally, 15 patients (12 heterozygotes
and 3 homozygotes), contributing 18 MEFV mutated chromo-
somes, have been included for MEFV exon 2 haplotype analysis.
Mean age and gender ratio (shown in Table 1) are similar be-
tween UC patients and healthy individuals (P = .294 for age,
P = .814 for gender ratio), patients with rheumatoid arthritis
(P = .525 for age, P = .785 for gender ratio), and FMF pa-
tients (P = 1.000 for age, P = 1.000 for gender ratio).

Diagnosis of UC was assessed according to established clini-
cal guidelines and criteria based on endoscopic, radiologic, and
histopathologic examination (12, 18). Demographic and routine
clinical data, including presentation and location of UC, disease-
related complications, and prescription data, were recorded by
interview at the time of enrollment.

TABLE 1. DEMOGRAPHIC DATA IN UC PATIENTS VERSUS HEALTHY
AND RHEUMATOID ARTHRITIS CONTROLS

Gender Age
N (M/F) (mean = 9 5% CL)
UC Patients 25 11/14 41.04 £+ 8.50
Healthy controls 65 32/33 45.80 £ 11.26
Rheumatoid arthritis 28 11/17 41.64 £+ 12.03
controls
FMF controls 15 7/8 40.89 £ 10.93

Abbreviations: M, male; F, female; CL, confidence limit; UC, ulcerative
colitis.
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TABLE 2. CLINICAL AND GENOTYPIC DATA OF UC PATIENTS HETEROZYGOUS FOR MEFV Mutations

Gender Extra-Intestinal MEFVexon 2
Patient Age Disease Location Manifestations MEFYV Genotype  Haplotypes*
1 M/19 Rectosigmoiditis  No M694V/0 TACG/TACG
2 M/50 Left-sided colitis ~ Knee and wrist arthritis M694V/0 TACG/TACG
3 F/56 Left-sided colitis  No E148Q/E148Q TACG/TACG
4 M/42 Left-sided colitis ~ Knee arthritis M6801/0 TACG/TACG
5 F/37 Left-sided colitis  No M694V/0 TACG/TACG
6 M/47 Pancolitis Knee and wrist arthritis  M680I/0 CGAG/CGAA
7 F/28 Rectosigmoiditis ~ Knee and wrist arthritis ~ A744S/0 TACG/TACG

*The TACG/TACG haplotype pattern was similar between 7 UC/MEFV positive patients and 18 UC/MEFV

negative.

The study was approved by the Institutional Review Board and
informed consent was obtained from all participating subjects.

MEFV Exons 10 and 2 Mutation Analysis. Mutational
analysis was carried out at the DNA level. Exons 10 and 2 of
the MEFV gene were analyzed for mutations; these sequences
contain the vast majority and the main disease-related muta-
tions (4-6). Nonisotopic RNase cleavage assay (NIRCA) anal-
ysis was used as first screening method to detect mutations of
MEFYV as previously described (5, 19). Briefly, mutations are
detected by ribonuclease cleavage of both strands of duplex
RNA obtained by in vitro transcription of polymerase chain re-
action (PCR) products containing opposable T7 and SP6 phage
promoters. NIRCA was based on previously described proto-
cols (5) and the experimental conditions were carried out ac-
cording to the instructions of MutationScreener Kit (Ambion,
Austin, TX, USA). Nested amplification of exons 10 and 2
sequences provides 797- and 745-bp PCR products, respec-
tively and the positions and sequences of primers, as well as
the PCR conditions for NIRCA analysis have been previously
described (5).

Sequencing. For direct sequencing analysis, Lark Technolo-
gies sequencing service was used (http://www.lark.com/).

Statistical Analysis. Fisher’s exact test was used for compar-
ison between discrete parameters. Student’s ¢-test for unpaired
samples was used for comparison between quantitative parame-
ters when allowed by the number of cases (>10) and the normal-
ity tests (Kolmogorov—Smirnov test, Lilliefors test). The level of
statistical significance was set to P = .05.

Population Genetics Analysis. The Arlequin 2.0 software
(Genetics and Biometry Laboratory, University of Geneva,
Switzerland, 2000) was used for the calculation of gene diversity
(the probability that 2 randomly chosen haplotypes are differ-
ent in a sample), expected homozygosity (the probability that
an individual is homozygous for any haplotype in a sample),
observed homozygosity (the true ratio of homozygous individ-
uals for any haplotype in a sample), and for the performance
of Ewens-Watterson neutrality test (P > .05 reflects deviation
from neutrality indicating favorable or harmful genes).

RESULTS

Mutational Analysis

NIRCA revealed a characteristic positive digestion pat-
tern of MEFV gene, corresponding to certain mutations
in 7 out of 25 UC patients (28%). Direct sequencing
confirmed the mutational pattern of NIRCA and identi-
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fied 2 patients with M680I/0, 3 with M694V/0, 1 with
E148Q/E148Q, and 1 with A744S/0. Only 1 out of 65
normal individuals was positive after NIRCA analysis in
exon 10 and direct sequencing revealed M694V/0 muta-
tion (P = .0004 compared to UC patients). Similarly, 1
out of 28 control patients with rheumatoid arthritis re-
vealed again a M694V/0 mutation (P = .0199 compared
to UC patients).

Clinical Profile of UC Patients Carrying
MEFV Mutations

Seven out of 25 UC patients had been identified to
carry MEFV mutations; none had a history compatible
with FMF. Clinical details including age, gender, disease
location, and extra-intestinal manifestations along with
genotype at MEFV locus in these patients are described
in Table 2. Four out of 7 UC patients carrying MEFV mu-
tations also developed arthritis. In 2, monoarthritis of the
knee was the presenting symptom, 1 year before the onset
of intestinal disease. In contrast, none of the remaining 18
UC patients, who lacked MEFV mutations, had a similar
clinical profile (P = .0028).

MEFYV Exon 2 Haplotype Analysis

All 50 chromosomes from UC patients and 130 chro-
mosomes from normal individuals of the study, as well as
18 unrelated chromosomes from FMF patients, were ana-
lyzed for a cluster of 4 single nucleotide polymorphisms,
which constitute the MEFV exon 2 haplotype (Table 3)
and are linked with MEFV mutations (20). As a first step,
NIRCA was applied and negative results confirmed the
wild-type haplotypes (T A C G). NIRCA-positive results
were analyzed further by direct sequencing.

The T A C G haplotype (Table 4) was by far the most
common, compared to other haplotypes, mainly repre-
sented by C G A (G/A), when patients with UC are
compared with normal individuals (P < .0001) and FMF
patients (P = .0310). The statistically significant differ-
ence in distribution of MEFV exon 2 haplotypes between
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TABLE 3. MEFV HAPLOTYPE ANALYSIS: CHARACTERISTICS OF SNPS CONSTITUTING MEFV EXON 2

HAPLOTYPES
SNP ID MEFV c-DNA  MEFV exon 2 Nucleotide in  Nucleotide in
Number Nucleotide* Residuet SNP Type Major Allelet  Minor Alleles
224225 306 102 Synonymous T C
224224 414 138 Synonymous A G
224223 495 165 Synonymous C A
224222 605 202 Nonsynonymous G A

*The reference sequence and version number of MEFV cDNA used is NM_000243.1 (GenBank).
Available: http://www.ensembl.org/Homo_sapiens/protview ?transcript = ENST00000219596&db = core.
{Based on the frequency in Greek population; most frequent allele is considered as the wild-type allele; the

less frequent allele is considered as the mutant one.

UC patients and both FMF patients and normal indi-
viduals (Table 4), suggests that UC patients might con-
stitute a distinct population, unrelated to FMF patients
(Table 5). Interestingly, the 7 UC/MEFV-positive patients
presented similar haplotypic pattern (P = .611) with the
rest UC/MEFV-negative patients (Tables 2 and 4).

DISCUSSION

This study reports for the first time that 28% of unse-
lected, consecutive patients with UC carry mutations of
the MEFV gene. These preliminary data raise several in-
triguing questions regarding disease pathogenesis: Do the
observed genetic alterations constitute a primary genetic
event or not? Does MEFV serve as a modifying gene in the
complex inflammatory reactions in this disease? Is there
an overlap in some cases between UC with atypical cases
of FMF? What is the role of mutations in MEFV gene in
the development of inflammation within the joint?

M694V and M680I mutations are commonly found in
FMF patients and mutations located within these hot spots
are associated with more severe phenotypes. In contrast,
E148Q homozygosity is associated with a milder phe-
notype (4). Interestingly, there are occasional M694V or
M680I heterozygous FMF patients with severe clinical
manifestations in the absence of other genetic alterations
of MEFV (4-6).The statistically significant predominance
of these strong heterozygous mutations in UC patients—
in comparison to the group of 65 healthy individuals—is
provocative. As in the case of heterozygous M694V or
M680I FMF patients, it is reasonable to speculate that
other genes, modifier loci, and epigenetic factors may
also involved in UC patients (8, 10). In view of previous
findings demonstrating the presence of an enhanced acute
phase response among FMF carriers (21), it is reasonable
to assume that altered pyrin in MEFV heterozygous UC
patients may modify the inflammatory response. Further-
more, in Mediterranean populations other than Greeks, the

TABLE 4. DISTRIBUTION OF MEFV HAPLOTYPES IN CHROMOSOMES OF PATIENTS WITH UC, PATIENTS WITH FMF,
AND NORMAL INDIVIDUALS ALONG WITH THE RELEVANT POPULATION GENETICS DATA

SNP ID Number

UC patients FMF patients Normal individuals
224225 224224 224223 224222 chromosomes chromosomes chromosomes
T A C G 45 (90.00%) 12 (66.66%) 86 (66.15%)
C G A A 2 (4.00%) 2 (11.11%) 17 (13.08%)
C G A G 2 (4.00%) 1 (5.66%) 17 (13.08%)
C A C A 1 (2.00%) 0 1(0.77%)
C A C G 0 2(11.11%) 1(0.77%)
T A C A 0 0 4 (3.08%)
C A A A 0 0 1(0.77%)
C G C A 0 0 1(0.77%)
T A A G 0 1 (5.66%) 1(0.77%)
C A A G 0 0 1(0.77%)
Total 50 18 130
Gene diversity 0.1902 £ 0.0734  0.5556 £ 0.1304 0.5309 £ 0.0466
Observed F* 0.814 0.475 0.473
Expected F{ 0.511 0.349 0.289
E-W test P 945 .890 930

*Observed homozygosity.
tExpected homozygosity.

Abbreviations: E-W test, Ewens—Watterson neutrality test; FMF, familial Mediterranean fever; UC, ulcerative colitis.
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TABLE 5. MUTATIONAL ANALYSIS OF FMF PATIENTS IN CORRELATION WITH HAPLOTYPIC DATA

Haplotype EI48Q EI67D T2671 M6SOI M694V  K695SR  V726A  Total
CACG 2 2
TACG 3 2 4 1 2 12
TAAG 1 1
CGAG 1 1
CGAA 1 2
Total 3 3 1 3 5 1 2 18

most common FMF mutations have been associated with
the C G A A/G haplotype (20). These mutations have been
associated with the T A C G haplotype in Greek popula-
tion (Table 5) and this controversy might reflect a distinct
founder effect.

Previous studies have suggested that IBD (Crohn’s dis-
ease and UC) is particularly frequent and severe in FMF
families (14). Moreover, Crohn’s disease is more prevalent
in FMF than in the general population and patients with
both Crohn’s disease and FMF have more frequent attacks
(22). Although not the primary focus of this study, these
findings indicate that the frequency of MEFV mutations
should also be explored in patients with Crohn’s disease.

The possibility of disease overlap with UC in some
cases of atypical FMF has been raised previously in the
literature (23). For example, inflammatory arthritis is a
common clinical finding shared by both FMF and UC.
Indeed, 4 of 7 UC patients carrying mutations in MEFV—
but none of the remaining 18 UC patients who lacked the
mutated MEFV gene—developed arthritis. Similarly in
Crohn’s disease extraintestinal manifestations have been
also linked with the presence of MEFV mutations (16).

More studies, particularly in populations where FMF
and UC are frequently observed, may elucidate the poten-
tial involvement of MEFV. Recent findings indicate that
several MEFV transcripts are expressed both under basal
condition and upon stimulation with LPS in primary hu-
man synovial fibroblasts (24). Of interest, a prominent
splice isoform that lacks the C-terminal domain that is
highly mutated in FMF was also detected in these cells.
In contrast to native pyrin that is nuclear in its localiza-
tion, these recombinant forms are cytoplasmic. The ex-
istence of various pyrin isoforms with potential proin-
flammatory functions within the joint may explain the
localization of the attack in this site. To this end, the
increased frequency of MEFV in patients with UC and
episodic arthritis is certainly provocative especially in
view of the lower frequency of these mutations in patients
with chronic, nonepisodic arthritis such as the rheuma-
toid arthritis. However, these data need to be confirmed in
larger studies.

Although we have not screened genetically the pedi-
grees of UC/MEFYV patients, the family history of UC rel-
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atives for FMF manifestations was negative. This observa-
tion, along with the absence of diagnostic criteria for FMF
and the haplotypic pattern characterized by limited gene
diversity and increased homozygosity of patients with UC
(see Table 4), suggests that UC patients might constitute
a distinct population where the mutated pyrin can modify
the expression of a broad array of genetic or epigenetic
factors also involved in the pathogenesis of UC. MEFV
exon-2-haplotype—associated UC may also reflect an as
yet unknown susceptibility allele.

Recent studies indicated a complex interplay be-
tween molecules containing PYD and/or caspase re-
cruitment domain (CARD) in innate immunity control
and many families of these proteins have been classi-
fied (8, 10, 11). These proteins are implicated—directly
or indirectly—in this complicated cross-talk. Pyrin,
apoptosis-associated speck-like protein (which con-
tains a CARD), NALPs (NACHT-LRR-PYD-containing
proteins), nucleotide-binding oligomerization domain-
containing proteins (NODs), and Toll-like receptors
(TLRs) are some of members of this family (8-11, 15).
TLR and NOD proteins have been recently shown to me-
diate the innate immune response to bacterial products and
members of these protein families are genetically associ-
ated with susceptibility to IBD (15). The possible mod-
ifying effect of pyrin in this complex cross-talk remains
to be further elucidated. Longitudinal studies involving
larger populations are needed to further document the role
of pyrin in the homeostatic control of inflammation both
under normal conditions and in disease states.
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