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ABSTRACT
Objective. There are many extra-inte -
stinal findings of Crohn’s disease (CD),
such as oral and genital ulcers, erythe -
ma nodosum, uveitis and arthritis, re -
sembling the manifestations of Behçet’s
disease (BD). It is also very difficult to
distinguish the gastrointestinal involve -
ment of BD from that of CD in some
patients. Hence, this study aimed to in -
vestigate a possible involvement of the
common CD-predisposing CARD15 var -
iants in the genetic susceptibility to BD.
Methods. The study group consisted of
85 consecutive patients with BD (51
male, 34 female) of Turkish origin. Two
of them had intestinal involvement. A
group of 100 ethnically matched, non-
related healthy volunteers were used as
c o n t rols. All individuals were geno -
typed for 3 common CARD15 variants
(R702W, G908R, and L1007fsinsC) us -
ing a polymerase chain reaction-res -
triction fragment length polymorphism
(PCR-RFLP) method. 
Results. None of the three CARD15 va -
riants predisposing to CD was observ -
ed in patients with BD, including two
patients with intestinal involvement.
The R702W mutation was observed in
1 healthy chromosome, and the 3020 -
insC mutation in 2 chromosomes. No
individual was found to be homozygous
or compound heterozygous for these
variants. 
C o n c l u s i o n . These findings suggest
that 3 most common CD-predisposing
CARD15 variants do not constitute a
genetic susceptibility factor for BD in
Turkey. Further studies would be help -
ful to rule out a possible contribution of
other rare or unknown variants and/or the
effects of different ethnic backgrounds.

Introduction
Behçet’s disease (BD) is a multi-sys-
tem inflammatory disorder, the hall-

marks of which are recurrent oral and
genital ulceration, skin lesions, and uv-
eitis. It is now recognized to be a sys-
temic vasculitis that also affects the
joints, all types and sizes of blood ves-
sels, the lungs, and the central nervous
and gastrointestinal systems (1).
The cause of BD is not definitely
known, but various immunological ab-
normalities induced by particular mi-
crobial agents or other environmental
factors in genetically susceptible indi-
viduals have been suggested (2). The
strongest evidence for a genetic sus-
ceptibility to BD is its association with
a class I HLA antigen, HLA-B51. This
association has been confirmed in dif-
ferent ethnic groups, though the role of
HLA-B*51 in the pathogenesis of BD
has not yet been clarified. The contri-
bution of this HLAallele to the overall
genetic susceptibility to BD is estimat-
ed to be less than 20% (3).
Spontaneous and/or induced over- e x-
pression of pro-inflammatory cytoki-
nes (mainly Th1 type) from various
cellular sources seems responsible for
the enhanced inflammatory reaction in
BD, and it may be associated with the
genetic susceptibility (2).
Caspase recruitment domain 15
(CARD15) [also, nucleotide-binding
oligomerization domain 2 (NOD2)] is a
member of the NOD1/Apaf1 superfam-
ily of apoptosis regulators that is ex-
pressed in monocytes and involved in
the activation of nuclear factor- k B
(NF-kB), by bacterial components (4).
Three major genetic alterations, R702-
W, G908R, and L1007fsinsC, in the
CARD15 gene have been shown to in-
crease the risk for Crohn’s disease
(CD) in Caucasian populations (5,6).
Certain mutations in the CARD15 gene
have also been implicated in Blau syn-
drome, a rare genetic disorder with a
dominant mode of inheritance charac-
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terized by the occurrence of granulo-
matous arthritis, uveitis, and skin le-
sions (7). 
Both BD and CD have distinctive clini-
cal features. However, there are many
extra-intestinal findings of CD, such as
oral and genital ulcers, erythema nodo-
sum, uveitis and arthritis, resembling
the manifestations of BD. It is also very
difficult to distinguish the gastrointesti-
nal involvement of BD from that of CD
in some patients (8, 9). The similarities
of the mucocutaneous and intestinal
manifestations of both disorders can be
a cause of confusion even for experi-
enced physicians (10). Hence, this stu-
dy aimed to investigate a possible in-
volvement of the common CD-predi-
sposing CARD15 variants in the genet-
ic susceptibility to BD.

Patients and methods
Patients
The study group consisted of 85 conse-
cutive BD patients of Turkish origin
(51 male, 34 female) being followed at
the BD Outpatient Clinic of the Divi-
sion of Rheumatology. All patients met
the International Study Group criteria
for the classification of BD (11). Two
of them had intestinal involvement, 51
had arthritis, and 44 had uveitis. 
The ethical committee of the Istanbul
Faculty of Medicine approved the stu-
dy, and all patients gave their written
consent prior to blood collection. A
group of 100 ethnically matched, non-
related healthy volunteers were used as
controls.

Genotyping
Genomic DNA was isolated from peri-
pheral blood leukocytes using standard
procedures. Three single nucleotide
polymorphisms (R702W, G908R, and
L1007fsinsC) were determined by the
polymerase chain reaction-restriction
fragment length polymorphism (PCR-
RFLP) analysis method. For the deter-
mination of the missense R702Wmuta-
tion (SNP 8; GenBank accession num-
ber G67950) genomic DNAwas ampli-
fied with the primer pair of 5’-
GTACAGGCTCCGGATGAGC-3’and
5’- C G C A C A A C C T T C A G AT C A C A-
3’. The amplified 239-bp product was
digested with HpaII. The presence of a

wild type allele resulted in four bands
of 76-bp, 54-bp, 49-bp and 31-bp,
whereas the profile of the R702W vari-
ant was characterized by three bands of
130-bp, 49-bp and 31-bp on ethidium
bromide stained 3% agarose gel. Geno-
typing for the G908R (SNP 12; Gen-
Bank accession number G67951) poly-
morphism was carried out with PCR am-
plification and HhaI digestion as des-
cribed previously by Vermeire et al.
(12). For the L1007fsinsC frameshift
mutation (SNP 13; GenBank accession
number G67955), a 196-bp DNA seg-
ment was amplified with the primer
pair of 5’-ACCAGACTTCCAGGAT-
GGTG –3’ and 5’-GGACAGGTGGG-
CTTCAGTAG –3’ (13). The product
was digested with NlaIV and electro-
phoresed on ethidium-bromide stained
2% agarose gel. The profile of 1007-
fsinsC was characterized by the pre-
sence of two bands (160-bp and 36-bp).

Statistical analysis
Genotype and phenotype frequencies
for the three CARD15 gene variants
were compared between BD patients
and controls using a χ2 or Fisher ’s ex-
act test, as appropriate. 

Results 
The allele frequencies the CARD15 va-
riants in the BD and control groups are
shown in Table I. None of the three
most common CARD15 alleles predis-
posing to CD was observed in patients
with BD, including two patients with
intestinal involvement. The R702W
mutation was observed in 1 healthy
chromosome, and 3020insC mutation
in 2 chromosomes. No individual was
found to be homozygous or compound
heterozygous for these variants. T h e
G908R variant was not observed
among the healthy controls. No signifi-
cant difference in the distribution of
genotypes was observed between the
BD and control groups.

Discussion 
The CARD15 gene has been identified
in the IBD1 locus at chromosome 16
and found to be specifically associated
with CD among a group of multi-case
inflammatory bowel disease families,
which include families with ulcerative

colitis (5, 6). This gene functions in the
sensing of intracellular bacterial pepti-
doglycans through the specific recogni-
tion of muramyl dipeptides and acti-
vates NF-kB pathway (14,15). CD-pre-
disposing CARD15 variants have been
suggested to cause a defect in the recog-
nition of colorectal luminal bacteria,
which results in the activation of alter-
native pathways and/or a dysregulated
inflammatory response (5, 15). How-
ever, Blau syndrome associated muta-
tions in the same gene result in a pep-
tidoglycan-independent 4-fold increase
in the basal activity of the gene, which
can explain the dominant mode of in-
heritance due to gain-of-function muta-
tions (15).
Rahman et al . suggested the CARD15
as a non-MHC pleiotropic autoimmune
gene, since it confers susceptibility to 2
complex (CD and psoriatic arthritis)
and one Mendelian genetic disorders
(Blau syndrome) (16). An increased in-
flammatory response to non-specific
and/or various microbial stimuli is an
important feature of BD. Although the
relationship of HLA-B*51 with neu-
trophil functions is not clear, genetic
factors seem to play an important role
in the enhanced inflammatory reaction
in BD. The increased expression of se-
veral cytokines from lymphocytes and
monocytes is reported, and over-secre-
tion of mainly Th1 type proinflamma-
tory cytokines is prominent during the
active phase of BD (2). However, in-
creased secretion of interleukin-1 (IL-
1), IL-6, TNFα and IL-8 from mono-
cytes following lipopolysaccharide
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Table I. Allele frequencies of the three
most common Crohn’s disease-associated
CARD15 variants in Behçet’s disease (BD)
patients and healthy controls.

Controls 
BD (%)

Number of chromosomes 170 200
Variants

R702W 0 1 (0.5)
G908R 0 0
L1007fsinsC 0 2 (1)
Overall* 0 3 (1.5)

*No homozygous and compound heterozygous
individual.
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(LPS) stimulation compared with heal-
thy and/or disease controls can also be
observed, even in inactive BD patients
(2). Because of many similarities be-
tween the clinical and pathogenetic
features of BD and CD, we aimed to
investigate the frequency of common
CD-predisposing variants in a series of
BD patients. However, no CARD15
variant could be detected in this group
of BD patients. This observation sug-
gests that the common CARD15 vari-
ants do not confer susceptibility for BD.
In contrast to Rahman’s suggestions,
these variants have not been associated
with rheumatoid arthritis, ank y l o s i n g
spondylitis, systemic lupus eryt h e m a-
tosus, or sarcoidosis either (17-20). 
Our study group included only 2 BD
patients with gastrointestinal involve-
ment. Therefore, it was not possible to
rule out a contribution of CARD15 va-
riants to the development of intestinal
lesions in BD. It is already known that
the gastrointestinal features of BD are
more common in Korean and Japanese
patients, and it would be necessary to
investigate the CARD15 variants in
these ethnic groups for clarification of
this issue.
The prevalence of CARD15 polymor-
phisms in healthy controls and CD pa-
tients shows a variation between differ-
ent ethnic groups. The carrier rate of
3% for the Turkish healthy controls is
lower than most of the figures reported
for European populations (5,6,12,13,
16-21). The impact of this lower fre-
quency of the variations on the preva-
lence of CD and the magnitude of the
CARD15 polymorphisms on the genet-
ic susceptibility to CD in Turkey need
to be explored.
It is difficult to rule out a possible role
of population stratification or admixtu-

re in the selection of the control group,
as in other case-control association stu-
dies. However, the failure to identify
any BD patients with the 3 most com-
mon CD-predisposing CARD15 vari-
ants suggests that these polymorphisms
are not a genetic susceptibility factor
for BD in Tu r k e y. Further studies
would be helpful to exclude a possible
contribution of other rare or unknown
polymorphisms to susceptibility to BD
and/or the effects of different ethnic
backgrounds with varying rates for the
CARD15 variants on the gastrointesti-
nal involvement.
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