
Abstract An insertion mutation at nucleotide 3020
(3020insC) in the CARD15 gene, originally reported as
NOD2, has been strongly associated with Crohn’s dis-
ease. The CARD15 G2722C missense mutation was also
shown to be associated with this disease. We studied 130
Dutch Crohn’s disease patients, with a median follow up
of 9.2 years, in relation to the Vienna classification, and
152 ethnically matched healthy controls. We confirm re-
ports that the CARD15 3020insC mutation increases the
susceptibility to Crohn’s disease, but we do not confirm
this relationship for CARD15 G2722C. Our findings sug-
gest that these mutations are not a marker of a particular
form of Crohn’s disease according to the Vienna classifi-
cation. Whether the CARD15 3020insC and CARD15
G2722C mutations are responsible for a different etio-
pathogenic mechanism in a subgroup of patients remains
to be studied.
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Introduction

The etiology of Crohn’s disease (MIM 266600), a non-
specific chronic transmural inflammatory disease of the

gastrointestinal tract, is still unknown. Evidence suggests
that a genetic predisposition leads to an unregulated in-
testinal immune response to environmental factors. A
role for genetic factors in Crohn’s disease has been sug-
gested by studies showing a familial aggregation, in-
creased concordance for the disease in monozygotic
twins in comparison with dizygotic twins, and low prev-
alence in spouses (Peña 1998). Patients with a positive
familial history show a concordance for type of disease.
A concordance for extent, location, and clinical course
among patients with a positive family history has also
been shown (Peeters et al. 1996; Satsangi et al. 1998).
The working hypothesis is that polymorphisms and mu-
tations in genes involved in the immunological process
(e.g., HLA, cytokine, and transcription factors) are of ex-
treme importance in the regulation of inflammation and
may contribute to determining the heterogeneity of the
disease and the prognosis. Several studies have reported
an association between certain MHC genes and haplo-
types with clinical forms of Crohn’s disease (Bouma et
al. 1998; Satsangi et al. 1998).

A genome-wide linkage analysis identified a suscepti-
bility locus for Crohn’s disease (called IBD1) at the peri-
centromeric region of Chromosome 16 (Hugot et al.
1996). Recently, an insertion mutation at nucleotide 3020
(3020insC) in the CARD15 gene, originally reported as
NOD2, was strongly associated with Crohn’s disease
(Hampe et al. 2001; Hugot et al. 2001; Ogura et al. 2001).
This mutation in the distal leucine-rich repeat region
(LRR) results in a 33-amino acid shorter version of a
1,040-amino acid protein, also characterized by two ami-
no-terminal caspase recruitment domains (CARD) and a
nucleotide (ATP or GTP) binding domain. This protein is
expressed in peripheral monocytes and regulates apopto-
sis and/or NF-κB activation. The CARD15 mutation has
been described as a susceptibility factor for Crohn’s dis-
ease. The low frequency G2722C missense mutation is
also located in the LRR domain of CARD15 and associat-
ed with Crohn’s disease (Hugot et al. 2001; Ogura et al.
2001). However, the relationship with clinical character-
istics of these variants has not been studied thus far.
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Patients and methods

We studied 130 Dutch Caucasian patients with Crohn’s disease
and 152 unrelated ethnically matched healthy controls from whom
we obtained informed consent. In patients with a median follow-
up of 9.2 years (range 1.5–28.0 years), the disease course was
classified according to the Vienna classification (Gasche et al.
2000). The CARD15 3020insC was genotyped by allele-specific
multiplex PCR (Ogura et al. 2001), and CARD15 G2722C poly-
morphism (NCBI SNP Id rs2066845) by PCR-RFLP with genom-
ic DNA isolated from blood. χ2 statistics and Fisher’s exact test
were used to compare the frequencies. Conditional logistic regres-
sion was applied to fit statistical models. Association was ex-
pressed as odds ratios (OR) and relative risk (RR) with 95% confi-
dence interval (CI), based on Wald’s approximation, whenever ap-
propriate. Carrier status was considered if any subject inherited at
least one copy of the mutant allele. A two-tailed P value <0.05
was considered as significant. Statistical analysis was performed
using SPSS version 10.07 for windows (SPSS, Chicago, Ill.).

Results

The genotype and allele frequencies in controls were in
Hardy–Weinberg equilibrium proportions. Table 1 shows
the allele and carrier frequencies of the CARD15
3020insC and CARD15 2722C alleles in patients and
controls, and their distributions in the different sub-
groups of Crohn’s disease according to the Vienna classi-
fication (Gasche et al. 2000). Eleven patients reported a
positive family history of inflammatory bowel disease
(IBD). The frequencies of heterozygosity for the
CARD15 frameshift mutation were 12.3% and 2.0% in
patients and controls, respectively (OR 7.2, 95% CI
2.0–25.2, P=0.0005). Three (2.3%, 95% CI 0–5.5%) of
the patients and none of the controls were homozygous
for the mutant allele (P=0.08). Patients had a significant
increase in carrier rate [at least one copy of the mutant
allele (OR 8.5, 95% CI 2.4–29.4, P=0.0001)]. Carrier
rates were 2 (18.2%) and 17 (14.2%) patients with a pos-
itive or negative family history of IBD. Positive family
history was not significantly associated with carriership
of this frameshift mutation. The heterozygosity frequen-

cies for the CARD15 missense mutation were (8.5%) and
(5.9%) in cases and controls, respectively (OR=1.47,
95%CI 0.59–3.67). None of the patients or controls was
homozygous for CARD15 G2722C. Patients were divid-
ed into two groups: those with at least one copy of
CARD15 3020insC and those without this mutant allele.
None of the groups showed association between the mis-
sense allele and the disease. Only 1 patient was a carrier
of both CARD15 mutations. Among carriers of allele
CARD15 2722C, the carriership frequency of the frame-
shift mutation was not significantly different between
patients and controls (P<0.35).

We found no significant association between the
CARD15 gene frameshift mutation and the major sub-
groups of the Vienna classification (Table 1). The fre-
quencies of diagnosis before the age of 40 years (A1)
were 78.9% and 86.5% in carriers and non-carriers, re-
spectively (RR 0.9, 95% CI 0.7–1.2). Follow-up showed
that 10.5% of carriers and 23.4% of non-carriers of the
frameshift mutation were classified as Crohn’s disease
restricted to the colon (RR 0.4, 95% CI 0.1–1.7). The
penetrating form of the disease developed in 21.1% of
carriers and 18.0% of non-carriers (RR 1.2, 95% CI
0.7–3.0). The stricturing form of the disease was found
in 57.9% of carriers and in 43.2% of non-carriers (RR
1.4, 95% CI 0.9–2.1). Follow-up duration was not differ-
ent among clinical subgroups of the patients (P=0.058).
Controlling for the age of onset and localization of the
disease, the association of the mutation with the pene-
trating form of the disease increased but did not reach
significance (OR 1.5, 95% CI 0.4–5.2). Similarly
CARD15 G2722C was not associated with any of the
clinical subgroups of Crohn’s disease.

Discussion

Our data support the finding that the CARD15 3020insC
frameshift mutation increases the susceptibility to Crohn’s
disease, but we do not confirm this relationship for
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Table 1 Allele and carrier frequencies of the CARD15 3020insC and CARD15 2722C alleles in patients with Crohn’s disease by the 
Vienna classification

Phenotypes Number CARD15 CARD15 CARD15 CARD15
3020insC allele 3020insC carrier 2722C allele 2722C carrier
frequency (%) frequency (%) frequency (%) frequency (%)

All patients 130 (42 M, 88 F) 8.5** 14.6* 4.3 8.5
Controls 152 (71 M, 81 F) 1.0 2.0 3.0 5.9
A1 (age of onset <40 years) 111 8.1 13.5 4.5 9.0
A2 (age of onset ≥40 years) 19 10.5 21.1 2.6 5.3
B1 (non-stricturing, non-penetrating) 47 4.3 8.5 3.2 6.4
B2 (stricturing) 59 12.0 18.6 4.2 8.5
B3 (penetrating) 24 10.4 16.7 6.3 12.5
L1 (terminal ileum) 45 8.9 17.8 5.6 11.1
L2 (colon) 28 5.6 7.4 5.4 10.7
L3 (ileocolon) 56 9.8 16.1 2.7 5.4
L4 (upper gastrointestinal tract) 1 – – – –

*P<0.0001, OR 8.5, 95% CI 2.4–29.4; **P<0.00001, OR 9.37 95% CI 2.6–38.7



CARD15 G2722C. Our results suggest further that these
mutations are not a marker of a particular form of Crohn’s
disease, defined according to the Vienna classification. It
remains to be studied whether the CARD15 3020insC and
CARD15 G2722C mutations are markers of a subgroup of
patients with a different etiopathogenic mechanism. At
present, it is unclear whether the frameshift mutation and
the missense mutation studied here, and the other point
mutations in the CARD15 gene reported by others (Hugot
et al. 2001; Ogura et al. 2001), are involved in defects in
the pathways of apoptosis or NF-κB regulation.
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