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Background: There is growing evidence of the importance of genetic predisposition and the activation of
the mucosal immune system in the pathogenesis of inflammatory bowel disease. Thus, genes involved in
the regulation of inflammation are receiving increased attention. We have studied whether Crohn’s disease
(CD) or ulcerative colitis (UC) is associated with certain allelic combinations ofIL1B/IL1RA gene
polymorphisms in a different European population than the ones studied so far.Methods: Ninety-six
patients with UC, 97 with CD, and 132 healthy individuals (HC) were typed for the polymorphic regions in
exon 5 of theIL1B gene and in intron 2 of theIL1RA gene, using polymerase chain reaction-based
methods.Results: In CD homozygotes for allele 1 inIL1B gene polymorphism were more often present
(72% versus 28%;P = 0.01) in the subgroup of patients carrying at least one copy of allele 2 inIL1RAgene
polymorphism. This association was not found in HC (HC versus CD;P = 0.03) or UC. However, in UC
patients with pancolitis a similar trend was observed (75% versus 25%). Several genotype combinations
characterized by the presence of allele 2 of theIL1RA gene polymorphism were more common in CD
(P = 0.001) and UC (P = 0.049) than in HC.Conclusions:Our data support the concept that CD and severe
UC have a genetic disequilibrium in the distribution ofIL1B and IL1RA gene polymorphisms. These
findings together with functional studies will contribute to the understanding of the pathogenesis of the
chronicity of inflammation in these diseases.
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Crohn’s disease (CD) and ulcerative colitis (UC), the
commonest forms of inflammatory bowel disease
(IBD), are multifactorial disorders characterized by

chronic intestinal inflammation. Although the cause and the
exact pathogenesis of these disorders remain unknown, the
role of genetic factors is strongly implied by epidemiologic
and family studies. Ethnic differences in disease frequency
have been described (1), and in populations in which
intermarriage is common IBD is more frequent (2). There is
higher concordance for the disease in monozygotic than in
dizygotic twins (3), and increased risk of developing both CD
and UC is observed in family members (4, 5). Genetic
epidemiologic studies suggest that CD and UC are closely
related but distinct polygenic disorders of multifactorial
aetiology which share some, but not all, susceptibility genes

(6). Systematic screening of the human genome has provided
further evidence of genetic susceptibility in the pathogenesis
of IBD (7, 8). Since there is growing evidence that activation
of the mucosal immune system has a role in these diseases, the
question arises as to what extent these disturbances are
influenced by genetic factors. The immunologic up-regulatory
and proinflammatory activities of interleukin-1 beta (IL-1b)
and the immunomodulatory role of IL-1 receptor antagonist
(IL-1ra) suggest that these have a determining role in the
inflammatory response (9). In previous studies enhanced
circulating and mucosal level of IL-1b have been reported in
patients with IBD in comparison with healthy controls (HC)
(10–13). A mucosal imbalance of the IL-1 and IL-1ra ratio
has been found in IBD (14); later it was found that the levels
of IL-1ra were significantly higher in IBD patients than in
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healthy controls both in serum and in intestinal biopsy
specimens (15). Since this imbalance was not found in
patients with self-limiting colitis (16), the changes observed
in IBD may be due to the genetic make-up of these patients. In
fact, cytokine gene polymorphims influencing the protein
production and secretion have been observed.

Some studies show controversial results with regard to the
allelic distribution of the interleukin-1 receptor antagonist
gene (IL1RA) polymorphism in IBD patients compared with
HC (17–22). This may be due to the different populations
studied, to the heterogeneity of the patient groups, and to the
imbalance between the polymorphisms of the interleukin-1b
(IL1B) and the IL1RA genes. For example, in Dutch and
French IBD populations, carriers of allele 2 of theIL1RAgene
polymorphism were more frequently associated with non-
carriers of allele 2 of the TaqIIL1B gene polymorphism
(23, 24). No such association was found in a southern German
population (25).

To our knowledge, no investigations have been performed
on genetic polymorphisms in IBD in the region of Eastern
Europe. We have studied a Hungarian population, which is
unique in the sense that in Europe it is ethnically only related
to the Finns. Our aim was to test the hypothesis that the
association of certainIL1B and IL1RA genotypes is sig-
nificantly different in IBD patients compared with an
ethnically matched Hungarian control population.

Patients and Methods

Subjects
Ninety-six UC and 97 CD patients and 132 randomly

selected ethnically matched healthy individuals were included

in the study. All were unrelated white subjects from three IBD
centres in Hungary.

The diagnosis of UC and CD was determined on the basis
of conventional radiologic, endoscopic, and histologic criteria
as described by Lennard-Jones (26). Radiology and/or
endoscopy determined the localization of the disease. Table
I shows the demographic and clinical features of the patients.
The ethical committees of the participating universities
approved the study. Informed oral consent was obtained
from the patients.

Methods
Genomic DNA was extracted from ethylenediaminetetra-

acetic acid (EDTA)-anticoagulated peripheral blood in
accordance with standard proteinase K digestion and the
phenol/chloroform extraction method.

IL1B TaqI restriction fragment length polymorphism
The region containing the TaqI polymorphic site within

exon 5 of theIL1B gene (27) was amplified by polymerase
chain reaction (PCR) (28). The oligonucleotides 5'
GTTGTCATCAGACTTTGACC 3' and 5' TTCAGTTCA-
TATGGACCAGA 3' flanking this region were used as
primers. Amplification was performed by using a thermal
cycler, Perkin-Elmer 9600 (Perkin-Elmer, Norwalk, Conn.,
USA): first, 97°C for 90 sec, 55°C for 90 sec, and 74°C for
60 sec (three cycles), and second, 32 cycles: 97°C for 30 sec,
55°C for 30 sec, and 74°C for 30 sec. A final incubation at
72°C for 10 min and cooling to 4°C was then performed. The
PCR products were analysed by electrophoresis on 2%
agarose gel stained with 0.1% ethidium bromide. TaqI
digestion of the 249-bp fragments resulted in fragments that
either remained intact (allele 2) or were cut in two segments
of 135 bp and 114 bp (allele 1). The resulting fragments were
analysed by electrophoresis on 3% agarose gel containing
0.1% ethidium bromide.

IL1RA gene polymorphism
The region in the second intron of the IL-1ra gene,

containing variable numbers of an identical tandem repeat
(VNTR) of 86 base pairs, was amplified by PCR. The
oligonucleotides 5' CTCAGCAACACTCCTAT 3' and 5'
TCCTGGTCTGCAGGTAA 3' flanking this region were used
as primers. The program was initial denaturation at 94°C for
1 min followed by 35 cycles of denaturation at 94°C for
1 min, annealing at 60°C for 1 min, and elongation at 72°C
for 1 min, followed by a final elongation at 72°C for 5 min,
and cooling at 4°C. The PCR products of 410 bp (allele 1,
four repeats of the 86-bp region), 240 bp (allele 2, two
repeats), 500 bp (allele 3, five repeats), 325 bp (allele 4, three
repeats), and 595 bp (allele 5, six repeats) were analysed by
electrophoresis on 2% agarose gel containing 0.1% ethidium
bromide (29).

Table I. Demographic and clinial features of patients with ulcerative
colitis (UC) and Crohn’s disease (CD)

UC CD

Total number (n) 96 97
Sex ratio (M/F) 39:57 42:55
Mean age (s) 40.6 (14.5) 37.9 (12.7)

Range 18–79 19–69
Median 37 36

Age at onset (s) 32.6 (14.4) 30.2 (10.7)
Range 14–78 15–56
Median 28 27

Disease duration (s) 7.7 (6.43) 7.5 (6.5)
Median 6 6

Previous operation (n (%)) 4 (4.2) 40 (41.2)
Localization (%)

In UC patients
Rectum/proctitis 21.8
Left 52.1
Pancolitis 25.3

In CD patients
Ileum 20.6
Colitis 28.9
Ileum� colitis 46.4
Other localization 4.1
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Statistical analysis
Allele frequencies and genotypes ofIL1B andIL1RA were

compared in the study group by means of chi-square statistics,
and when appropriate, Fisher’s exact test (2� 2 contingency
tables) was used. To study whether theIL1B polymorphism
acts synergistically with theIL1RA gene polymorphism in
susceptibility to IBD, individuals were at first divided into
carriers and non-carriers of allele 2 at each polymorphic
locus. The strength of the association between these pairs of
genes was estimated with the odds ratio (OR) (30).

Results

We found no significant differences in theIL1B allele
frequencies comparing the patient groups and control subjects
or between the CD and UC patients (Table II). Similarly, there
was no statistically significant difference in the allele
frequencies or in the genotype distribution ofIL1RA in the
three groups of subjects (Table III). However, carriers of
allele 2 of IL1RA gene polymorphism were somewhat more
frequently found in both of the patient groups than in the HC.
In UC patients we found no association of any genotypes or
alleles of IL1RA on the basis of disease localization (Table
IV).

To investigate the possible association between certain
alleles of IL1B and IL1RA gene polymorphism, individuals

were divided into carriers and non-carriers of allele 2 of these
two polymorphic genes.The strength of this association was
compared in each of the patient groups and the controls. In the
CD group homozygotes forIL1B allele 1 (IL1B 2) were more
often present (72% versus 28%;P = 0.01, OR = 2.85) in the
subgroup of patients carrying at least one copy of theIL1RA
allele 2 (IL1RA2�). No association was detected in the HC or
in the UC group; moreover, in the two groups we found a
similar distribution of genotype combinations of the two
polymorphisms (Table V). The distribution of these genotype
combinations differed significantly between CD and HC (chi-
square = 8.83,P = 0.03). However, when we divided the
population on the basis of being homozygous carriers for both
IL1B and IL1RA allele 1 and not being homozygous carrier
for this allele, we observed a significant negative association
in CD (P = 0.006, OR = 0.31). This association was again not
present in UC or in HC. To investigate the hypothesis that,
besides the distribution of patients into carriers and non-
carriers of allele 2 ofIL1B and IL1RA genes, certain other
genotype combinations are more dominant and thus probably
more important in developing IBD, we considered ‘rare’
genotype combinations present in less than 10 individuals as
one group. These genotype combinations were 1.1–1.3, 1.1–
1.4, 1.1–2.3, 1.2–1.3, 1.2–1.4, 1.2–2.2, 2.2–1.2, 2.2–1.3, and
2.2–2.2. We found that these otherwise rare combinations
were more frequent both in UC (P< 0.01) and CD

Table II. Interleukin-1b genotype and allele frequencies in healthy control (HC) individuals and in patients with ulcerative colitis (UC) and
Crohn’s disease (CD)

Genotype Allele frequencies (%)

1.1 1.2 2.2 1 2

HC (n = 132) 72 51 9 73.86 26.13
UC (n = 96) 51 36 9 71.87 28.12
CD (n = 97) 58 30 9 75.26 24.74

Table III. Interleukin-1ra genotype and allele frequencies in healthy control (HC) individuals and in patients with ulcerative colitis (UC) and
Crohn’s disease (CD)

Genotype Allele frequencies (%)

1.1 1.2 2.2 1.3 1.4 2.3 1 2 3 4

HC (n = 132) 79 42 5 4 1 1 77.65 20.07 1.89 0.37
UC (n = 96) 50 34 8 3 0 1 71.35 26.56 2.08 0
CD (n = 97) 48 37 7 3 1 1 70.61 26.8 2.06 0.51

Table IV. Frequencies of carriers and non-carriers of allele 2 in interleukin-1 receptor antagonist gene polymorphism in healthy controls and
patients with ulcerative colitis by localization

Study group (n) Carrier of allele 2,n (%) Non-carrier of allele 2,n (%)

Healthy controls (132) 48 (36.4) 84 (63.6)
UC

Proctitis (21) 9 (42.8) 12 (57.1)
Left-sided colon (50) 21 (42) 29 (58)
Pancolitis (25) 13 (52) 12 (48)
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(P< 0.03). Moreover, cluster analysis has shown that these
allelic combinations behave statistically as one group,
supporting the hypothesis that they might form one important
group in the determination of IBD.

SeveralIL1B–IL1RAgenotype combinations characterized
by the presence of at least one copy of the of theIL1RAallele
2 (1.1–1.2; 1.1–2.2; 1.1–2.3; 1.2–2.2; 2.2–1.2; 2.2–2.2) were
commoner in CD (chi-square = 10.445,P = 0.001) and UC
(chi-square = 3.905,P = 0.049) than in the healthy controls.

Discussion

The patients and controls involved in our study are from three
different IBD centres in two regions of Hungary. No
differences were found between the two regions with regard
to the distribution of theIL1B andIL1RAgenotype and allele
frequencies. Our data are consistent with prior studies in other
European regions describing no significant differences in the
genotype and allele frequencies ofIL1B TaqI polymorphism
between HC, UC, and CD groups (17, 23, 24). On the other
hand, although several reports have described a higher
frequency of allele 2 of theIL1RA VNTR polymorphism in
UC patients, especially in subgroups of patients with a more
severe course, we have not observed a significant difference.
In the English population a significant overrepresentation of
the IL1RA allele 2 was found in UC patients, especially in
patients with pancolitis (17). The association could not be
confirmed by the Oxford Group at first (31); however, when
patients with total colitis who underwent panproctocolectomy
were examined, the association with this allele was confirmed
(32). In a study performed in Amsterdam a similar increase of
theIL1RAallele 2 was found in patients with total colitis (20),
whereas Hacker et al. (22) found no association even though
54% of the patients had total colitis. These conflicting results
may be due to the heterogeneity of the patient populations,
since in Lille a higher frequency of theIL1RA allele 2 was
found only in those patients who had been surgically treated
(24). Thus, the lack of association in Hungarian patients with
UC may be due to the fact that only 25% of these patients had
total colitis. This cannot be compared with the 35% (20) and
the 78% (32) of previous studies showing an association with
this allele. It is also interesting that only a few of the patients
in Hungary (4.2% in an 8-year follow-up) underwent surgery,
indicating less severe disease. There are other possible

explanations, since theIL1RAallele 2 frequency is influenced
by the frequency of the alleles of the TaqIIL1B polymor-
phism. Homozygotes for allele 1 of theIL1B gene polymor-
phism were significantly more often present in the subgroup
of patients with CD carrying at least one copy of theIL1RA
allele 2. Interestingly, the association between not being a
homozygous carrier for the more frequent allele 1 in both
gene polymorphisms proved to be stronger than the associa-
tion between the carrier/non-carrier pairs (P = 0.006 versus
P = 0.01). It seems, therefore, that in this population the
presence of allele 1 of theIL1RA is protective for having a
severe form of IBD. This would explain that the rare allelic
combinations with alleles 3 and 4 inIL1RA gene polymor-
phism were also more frequently found among Hungarian
IBD patients. In conclusion, the data presented support the
concept that Crohn’s disease and severe ulcerative colitis
have a genetic disequilibrium in the distribution of theIL1B
and IL1RA gene polymorphisms and stresses the importance
of disease heterogeneity in assessing the significance and
strength of the observed associations.
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