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Abstract
Background Crohn’s disease (CD) is a chronic inflammatory disease of the gastrointestinal tract associated with
dysregulation of the immune response. It is caused by a
combination of environmental and genetic factors. Patients
with CD have a TH1-type inflammatory response characterized by nuclear factor kappa B (NFκB) activation.
Mutations in the bacterial pattern recognition receptors
NOD2/CARD15 and Toll-like receptor 4 (TLR4) genes,
which lead to activation of NFκB under normal circumstances, have been associated with increased susceptibility
for CD. NFκB plays a critical role in the immune response
and is down-regulated by NFκB inhibitor α (NFKBIA).
NFKBIA was found to be a susceptibility gene for German
CD patients lacking NOD2/CARD15 mutations.
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Materials and methods A cohort of 231 Israeli CD patients
previously genotyped for the single nucleotide polymorphisms (SNPs) in the CARD15, TLR4 susceptibility genes
for CD, was analyzed for the 3′-untranslated region (UTR)
SNP of the NFKBIA gene in comparison to 100 healthy
ethnically matched controls. We evaluated the contribution
of the 3′-UTR SNP in NFKBIA in patients with or without
other SNPs in CARD15 to age of onset, disease location,
and disease behavior (Vienna classification).
Results We did not identify a significant difference in allele
and genotype frequencies between either groups or an effect
on phenotype. No interactions were found between
NFKBIA and any NOD2.
Conclusions The contribution of population diversity to
susceptibility genes for CD plays an important role in
disease-associated variants and is important for better
understanding of the pathologic mechanisms of the polymorphism.
Keywords Crohn’s . Genotype . NOD2 . CARD15 .
NFKBIA
Introduction
Crohn’s disease (CD) is caused by a combination of
environmental and genetic factors. A dysregulation of the
immune response to luminal microbiological or nutritional
antigens seems, at the level of the innate immune system, to
play a major role in the pathogenesis of CD [1–4]. The
genetic predisposition is well established by epidemiological and genome wide linkage analysis [5, 6]. Mutations in
the leucine-rich repeat region of the pattern recognition
receptor (PRR) NOD2/CARD15 gene, leading to loss of
function, are associated with increased susceptibility for CD
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[7–10]. A loss of function polymorphism in another PRR
gene, Toll-like receptor 4 (TLR4) [11–13], which shares a
similar bacterial sensing region, is also associated with CD
[12].Both PRR products lead to downstream activation of
nuclear factor kappa B (NFκB), which leads to transcription
and activation of cytokines such as tumor necrosis factor
(TNF) α and interferon-γ, key players in the pathogenesis
and inflammation associated with CD. Polymorphisms in
the TNFα promoter [14, 15] may also cause loss of NFκB
function. Therefore, genes associated with activation or
modulation of NFκB may contribute to the genetic
predisposition for CD or disease behavior [10–15]. NFκB
can be activated by exposure of cells to bacterial or viral
products, inflammatory cytokines such as TNF or IL-1, or
lymphocyte activation. NFκB activation has been implicated in many biological processes, including inflammation,
apoptosis, and immunoregulation.
NFκB activates the transcription of a number of genes
by binding as dimmer to specific target sequences in their
promoters. The most abundant NFκB heteromer consists of
p65 and p50 subunits. The NFκB inhibitor alpha
(NFKBIA) regulates its activity by association–dissociation
to NFκ B and exposing–protecting from proteosomes [16–
20] Activation of NFκ B may play a major role in the
pathogenesis of CD, and indeed it was shown that high
levels of p65 are present in the mucosa of CD patients [19].
Therefore, factors affecting the activation of NFκB may be
good candidate genes for the predisposition to CD,
especially in CARD15-negative patients.
The NFKBIA gene is located on chromosome 14q13,
which is close to the IBD4 region found in genome wide
linkage analysis [21]. NFKBIA was found to be a
susceptibility gene in German CD patients lacking
CARD15 mutations [22].
A cohort of 231 CD patients genotyped previously to
NOD2, TLR4, and TNFα was analyzed for the polymorphism G/A in the 3′-untranslated region (UTR) of the
NFKBIA gene (SNPrs696) [23].

age of onset (AOO), gender, disease location, disease
behavior (inflammatory, structuring, or penetrating), and
family history were obtained from the patients and the
referring gastroenterologist and registered before genotyping. We did not analyze disease behavior in this study, as
we did not require prolonged follow-up over time as an
entry requirement. All genotyping was performed by a
single investigator blinded to phenotypic data (LeshinskySilver). The control group consisted of 100 healthy human
DNA controls, with the same ethnicity distribution, from
the National Laboratory for the Genetics of Israeli
Populations at the Tel-Aviv University.
Genetic analysis
Genomic DNA was extracted from whole peripheral venous
blood, using a commercially available kit (Gentra, Minneapolis, MN) in accordance with the manufacturer’s instructions.
NOD2 genotyping was performed as previously described [14, 15].
The G/A polymorphism in the 3′-UTR of the NFKBIA
was genotyped by amplifying a 424-bp fragment with the
primer pair: F;GGCTGAAAGAACATGGACTTG, R;GT
ACACCATTTACAGGAGGG in 50 μl reaction mixture
containing 10 mM Tris–HCl, pH 8.3, 50 mM KCl, 1.5 mM
MgCl2, 200 μM deoxyribonucleotide triphosphates, 1 μM
of each primer, 100 ng of genomic DNA, and 1.25 U of
AmpliTaq Gold DNA polymerase (Perkin Elmer Applied
Biosystem, Roche Diagnostic System, California) with an
initial denaturation step of 10 min at 95°C to activate the
polymerase followed by 35 cycles of 94°C; 15 s, 55°C;
45 s, 72°C; 45 s, and a final extension of 10 min at 72°C.
Predicted sizes were confirmed by agarose gel electrophoresis. Polymerase chain reaction product was digested
overnight with HaeIII .Digests were run on a 3% agarose
to determine the G/A alleles: 424 bp for A and 306 and
118 bp for G.

Statistical analysis
Materials and methods
Haplotype reconstruction and association analyses
Patients were eligible if CD was confirmed by established
criteria based on clinical, radiological, endoscopic, and
histopathological findings. All patients in the study had
both a radiological and an endoscopic work-up with
biopsies. The study cohort consisted of single-family
members, from pediatric and adult gastroenterology programs distributed throughout central and northern Israel
The Wolfson Medical Center Review Board and the Israel
Ministry of Health Genetic Research Review Board
approved the recruitment protocol. Informed consent was
obtained from all parents and patients. Data regarding the

The association between NFKBIA mutation and Crone’s
disease was evaluated by a permutation test [24] as follows:
the Pearson χ2 score is calculated and declared as the test
statistic. Then, the same statistic is calculated for many data
sets with the same genotypes and randomly permuted labels
of the case and control individuals. The fraction of times
that this value exceeds the original value is used as the
p value. This test has the advantage of not assuming a
specific distribution function. This test was applied to cases
vs controls and also to the following phenotypes: ileal
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disease, Vienna, and AOO. For testing association to AOO,
two different scores were used. In the first test, every
individual was labeled as AOO≤18 or AOO>18, and the
Pearson χ2 score was used as the test statistic. In the second
test, the Kolmogorov–Smirnoff score was used as the test
statistic.
As there are different population groups in the study, the
test was corrected as follows: the Pearson score was
calculated for every population separately, and the test
statistic was defined to be the weighted average of these
scores (the weight of each score was proportional to the
size of its population group). The p value was calculated by
a permutation test as mentioned above, with the difference
of randomly permuting the labels within each population
independently. This statistic avoids the bias in the p value
that might occur because of the mixture of different
populations. There were four population groups: Ashkenazim, Sefaradim, mixed (Ashkenazim and Sephardim),
and other (only eight individuals). As the mixed group is
not a distinct population group, the same test was also done
using only the Ashkenazim and Sephardim population
groups. All three p values (without the population correction and the two types of population correction) were
calculated and considered.

Table 2 Entry data for cohort 2—individuals without any NOD
mutations (139 individuals)
Percent

Parameters

55
54
36.5
24.5
39.0
58.5

Age (<18)
Gender (Male)
Ileal
Colitis
Ileocolonic disease
Inflammatory behavior
(Vienna classification 1)
Stricturing disease (2)
Penetrating disease (3)
Family history
NFKBIA
(mutant allele)

22.0
19.5
31.5
67 (51% heterozygote
and 16% homozygote)

that contained at least one NOD mutation was considered
as an Any NOD mutation, and a haplotype with all three
wild-type NOD alleles was considered as an Any NOD
wild-type allele. Interactions between Any NOD and
NFKBIA were tested for the same phenotypes mentioned
above.

Testing interactions between NFKBIA and NOD mutations

Results

The permutation test can be readily generalized to handle
association between haplotypes and the disease, e.g., by
adding block haplotypes as artificial loci with states
corresponding to common haplotypes. Similarly, one can
add loci interactions as artificial loci, whose states are the
allele combinations. First, the NOD genotypes were phased
by using the software GERBIL [25]. Then, the artificial
loci, called Any NOD, was built as follows: a haplotype

Population data

Table 1 Entry data for cohort 1 (231 individuals)
Percent

Parameters

53.5
58.5
38.5
18.5
43.0
55.5

Age (<18)
Gender (Male)
Ileal
Colitis
Ileocolonic disease
Inflammatory behavior
(Vienna classification 1)
Stricturing disease (2)
Penetrating disease (3)
Family history
NFKBIA
(mutant allele)
Any NOD2
(mutant haplotype)

26.0
18.5
28
64.5 (49% heterozygote and 15.5%
homozygote)
39 (30% heterozygote and 9%
homozygote)

Data were obtained from 231 patients. There were 53.5%
under 18 years of age, 58.5% men, and 28% with a family
history of CD. Our population consisted of 96% Jews and
4% non-Jews. Fifty one percent were of pure Ashkenazi
decent , 33% of Jewish–Sephardic decent, 12% of mixed
Ashkenazi–Sephardic decent, and 4% of non-Jewish Caucasians. Data regarding age, gender, and disease location
are presented in Table 1.
No correlation between NFKBIA and disease can be
seen by looking at the mutant allele frequency (case=0.41
and control=0.37; p=0.38 or 0.54 with population correction) or with phenotype.

Table 3 Association study of cohort 2
Test

p Value without
population
correction

p Value after
population
correction 2

AOO
Ileal involvement
Colonic involvement
Inflammatory

0.13
0.65
0.19
0.61

0.56
0.53
0.11
0.7
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Table 4 Power calculations
Simulated minor allele
frequency
in control population (%)

Simulated minor allele
frequency
in cases population (%)

Difference in minor allele
frequency
between cases and controls
(%)

Power of
the
test (%)

37.5
35
32.5
30

42.5
45
47.5
50

5
10
15
20

21.8
65
95.1
99.8

The Hardy Weinberg equilibrium was found in all
subpopulations (Ashkenazim—control, Ashkenazim—case,
Sephardim—control, and Sephardim—case).
No interactions were found between NFKBIA as well as the
presence of single or multiple NOD2/CARD15 variant alleles.
As NOD2/CARD15 disease-associated mutations were
found in 23.5% of our cohort and might mask the effect of
NFKBIA on disease susceptibility or disease behavior, we
created a second cohort (cohort 2) by removing individuals
with NOD/CARD15 mutations. This cohort contained 139
individuals (subpopulations: Ashkenazim [56], Sefaradim
[50], Mixed [18], other [7], and unknown [8]).
Table 2 describes the entry data of cohort 2.
We did not identify an association of the NFKBIA
mutation with any phenotype in cohort 2 (Table 3). Power
calculation is presented in Table 4.

Discussion
Present theories regarding the pathogenesis of CD implicate
a central role for the intestinal flora, the innate immune
system, and a TH1 response. The innate immune system
responds to intestinal bacteria at the epithelial barrier via
PRR that initiate a cascade that leads to activation of NFκB
and release of cytokines characteristic of the inflammatory
process involved in CD.
CD phenotype varies in AOO, disease location, and
disease behavior. Variability in different signaling pathways
via loss of function or gain of function may play a crucial
role in the pathogenesis of the phenotypic variants of CD.
We and the others have shown that mutations in NOD2/
CARD15 were significantly associated with ileal disease.
With other phenotypes, such as AOO, there is a populationdependent association, as some cohorts demonstrated an
association between multiple NOD2/CARD15 mutations
with AOO, although we and the others failed to demonstrate such an association [26, 27].
NFκB plays a crucial role in diseases associated with
a dysregulated immune response. NFKBIA down regulates the activity of NFκB by trapping it to the
cytoplasm. The human NFKBIA gene contains six axons
spanning approximately 3.5 kb. It harbors a relatively

large number of variants: ten exonics, of which only one
variant causes a change of S32I, described in autosomal
dominant ectodermal dysplasia, and the rest are synonymous and do not affect gene coding. The other SNPs are
either in the intones or in the 3′-UTR. The 3′-UTR
SNPs, located downstream exon 6, may have a significance because there is accumulating evidence that the
3′-UTR of mRNA regulates gene expression and may be
altered in various disease states [28].
We evaluated the effect of a single polymorphism in the
3′-UTR of NFKBIA on disease susceptibility and phenotype in our CD cohort and performed an additional analysis
in NOD2/CARD15-negative individuals with CD.
We did not find an association between NFKBIA
genotype and CD susceptibility. Case–control frequencies
were similar for both cohorts (Table 4). This is in contrast
to a previous study by Klein et al. [22] in a cohort of
German CD patients, which claimed that the AA genotype
of the single polymorphism in the 3′-UTR of NFKBIA was
significantly increased in NOD2/CARD15-negative CD
patients. These authors speculate that the polymorphism
might decrease the inhibitory effect by the NFKBIA, which
can lead to enhanced secretion of inflammatory cytokines
such as TNFα by macrophages. It is unclear at present if
this discrepancy between our results is due to cohort bias in
one of the studies or to differences in susceptibility genes
among different ethnic groups or populations. Ethnic
diversity for credible susceptibility genes in CD, such as
NOD2/CARD15, is well established [29, 30]. Data on
ethnic differences in disease-associated variants is important for a better understanding of the pathologic mechanisms of the polymorphism. The NFKBIA A allele
frequency is 0.37–0.41 in the European population and
0.60–0.70 in the African and Afro-American population
(http://www.ncbi.nlm.nih.gov/SNP).
We’ve also looked at the contribution of the A allele in
the NFKBIA gene to AOO, disease location, and disease
behavior in our CD cohort. We did not find an association
with AOO, ileal disease, and disease behavior in both
cohorts (with and without a variant NOD2 allele).
In conclusion, we do not believe that the 3′-UTR polymorphism alters disease susceptibility or phenotype in our
population.
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