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ABSTRACT

Crohn’s disease (CD) is a genetically complex disease in which
both genetic susceptibility and environmental factors play key
roles in the development of the disorder. NOD2/CARD15 muta-
tions are associated with CD. NODZ2 encodes for a protein that is
an intracellular receptor for a bacterial product (muramyl dipep-
tide), though the exact functional consequences of these muta-
tions remain the subject of debate. NOD2/CARD15 mutations
are associated with ileal CD, with stricturing behavior, and possi-
bly with a more complicated course of CD. NOD2/CARD15 mu-
tations associated with CD have demonstrated heterogeneity
across ethnicities and populations throughout the world, with re-
gional variations across Europe and Spain.

However, “NOD2/CARD15 testing” is not yet ready for use in
the clinical setting. One of the reasons is that we know that these
genetic variants increase the risk of disease only marginally, and
many healthy individuals carry the risk alleles, At present it is not
recommended to screen first-degree relatives, because we do not
have the ability to prevent the disease at the present time.
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RESUMEN

La enfermedad de Crohn (EC) es una enfermedad compleja
desde el punto de vista de la genética puesto que para el desarro-
llo de la enfermedad se tiene que producir una interaccién entre
factores genéticos y ambientales. Las mutaciones del gen
NOD2/CARD15 se han asociado con la susceptibilidad a padecer
la EC. El gen NOD2/CARD15 codifica una proteina que acttia
como un receptor intracelular de la proteina dipeptidomuramil
que se encuentran en la pared de cubierta de algunas bacterias.
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Actualmente se desconoce cudl es el papel exacto de estas muta-
ciones en el funcionamiento de la proteina NOD2/CARD15. Es-
tas mutaciones se han asociado con la localizacion en intestino
delgado de la enfermedad, el comportamiento fibroestenosante y
con un curso mas grave de la enfermedad. Las tres mutaciones
asociadas con la EC presentan una distribucion desigual entre las
diferentes razas y areas geograficas del mundo, con variaciones a
lo largo de Europa y Esparia. La determinaciéon de las mutaciones
del NOD2/CARD15 no se puede utilizar todavia en la préctica cli-
nica. La principal razén es que estas variantes genéticas sélo in-
crementan el riesgo de una forma marginal y los podemos identifi-
car en muchos sujetos sanos. Actualmente no se recomienda
realizar estudios de despistaje en familiares de primer grado que
padecen la EC porque no disponemos de ninguna medida preven-
tiva para evitar la enfermedad.

Palabras clave: NOD2/CARD15. Enfermedad de Crohn. Epi-
demiologia. Enfermedad inflamatoria intestinal.
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ABBREVIATIONS

UC: ulcerative colitis.

CD: Crohn’s disease.

IBD: inflammatory bowel disease.

NOD2/CARDI15: nucleotide oligomerization domain
2/caspase recruitment domain 15.

INTRODUCTION

Many questions remain to be answered in the phys-
iopathology of inflammatory bowel disease (IBD). We
now know that both genetic and environmental factors are
implicated, and that upon interacting among each other,
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these factors lead to an altered immune response —allowing
initiation and progression of the intestinal inflammatory
process to the point where it becomes chronic. Many epi-
demiological studies point to the participation of a genetic
component in susceptibility to developing IBD in the form
of both ulcerative colitis (UC) and Crohn’s disease (CD).
The ethnic differences in the prevalence of the disease are
known, with a clear predominance among Caucasians and
particularly among Jews. Concordance in mono- and dizy-
gous twins has been established, and is known to be
greater in CD. The existence of familial aggregation has
been established, together with the concomitant presence
of other well known autoimmune disorders or genetic syn-
dromes (1-4).

The search for genes conditioning susceptibility to
IBD is difficult, due to the complexity of the genetic fac-
tors, including the absence of a simple Mendelian trans-
mission pattern, incomplete penetrance of the genes, and
the genetic heterogeneity involved. IBD is a polygenic
disorder in which a number of genes are implicated in
susceptibility to develop the disease (5).

Most investigators agree that the most consistent gene
in predicting susceptibility to CD but not to UC is located
in chromosome 16, and has been called NOD2 (nu-
cleotide oligomerization domain), now referred to as
CARDI15 (C-terminal caspase recruitment domains) (6-
8). This gene encodes for a protein expressed by mono-
cytes, macrophages, dendritic cells and epithelial cells.
Three polymorphisms of this gene (R702W, G908R and
L1007fs) have been associated with altered activation of
nuclear factor NF-kB (8). The presence of these three
mutations represents over 82% of all possible mutations
of the gene, while the remaining 27 are unlikely to gener-
ate functional changes in the protein they encode for (9).

The present study reviews the role of these mutations
in CD, the way in which they influence the clinical char-
acteristics of CD, the different prevalences found world-
wide and even within Spain, and finally their present and
future usefulness in the management of IBD.

ROLE OF THE MUTATIONS OF THE
NOD2/CARD15 GENE IN CD

The importance of the mutations of the NOD2/CARD15
gene in CD is not only base on the consistency of the inter-
study reproducibility of the association between these mu-
tations and the susceptibility to develop CD.

The most important aspect of the discovery of muta-
tions of the NOD2/CARD15 gene is that it has allowed
the development of interesting theories designed to ex-
plain the cause of CD based on the existence of an alter-
ation in the regulation of the host immune response to-
wards the bacteria found within the bowel lumen. The
association of NOD2/CARD15 mutations with CD, with
Blau syndrome (a dominant autosomal disorder charac-
terized by arteritis, uveitis, skin rash and the presence of
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granulomas), and possibly with sarcoidosis in the early
stages of life, suggests that this gene influences the devel-
opment of granulomas in granulomatous diseases. Granu-
loma formation usually takes place as a response on the
part of the healthy host to intracellular microorganisms
(mycobacteria and fungi), and is dependent upon the acti-
vation of Thl lymphocytes and their secreted cytokines
—mainly interleukin-12, interferon-gamma and tumor
necrosis factor (TNF)- (10).

NOD2/CARDI15 gene deficiency alters the
NOD2/CARDI1S5 receptor; this in turn induces alter-
ations in Peyer’s patch function within the small bowel,
characterized by an exaggerated immune response and in-
creased intestinal permeability —thereby contributing to
chronic intestinal inflammation (11). Therefore, patients
who carry the mutations of the NOD2/CARDI1S gene
would be unable to adequately control bacterial infections,
fundamentally as a consequence of defective recognition of
muramyl dipeptide protein (MDP) found in the wall of the
cell envelope of enteroinvasive bacteria such as enteroinva-
sive Escherichia coli (12) and mycobacteria (13). However,
it should be noted that eight years after confirmation that
these mutations are associated to susceptibility to develop-
ing CD, we still do not know the precise consequences of
these mutations in relation to the functions of the proteins
they encode for.

GEOGRAPHIC AND ETHNIC DIFFERENCES IN
THE PREVALENCE OF CARD15/NOD2 GENE
MUTATIONS THROUGHOUT THE WORLD

Important geographic and population variations have
been described both in relation to the risk of developing
CD and as regards the presence of the NOD2/CARD15
gene variants in patients with CD. The prevalence of CD
patients who carry at least one susceptibility allele of the
CARDI15 gene varies from 27-50% in most Caucasian
European populations. The multicenter study published
by Lesage et al. (9), with the participation of several
European countries, reported a carrier frequency of 50%.
Other studies carried out in central European countries
have recorded similar results. Thus, in Great Britain (Ox-
ford) the carrier frequency was found to be 38.5% (12),
versus 46.3% in Belgium (14), 38.2% in Italy (15), 38%
in France (16), 36.5% in Germany (17), and 46% in the
Czech Republic (18). However, in the Scandinavian
countries, which are generally characterized by more ho-
mogeneous populations, the observed frequencies were
much lower than expected for European populations:
15.5% in Finland (19), 15.2% in Sweden (20), and 21%
in Denmark (21).

In Caucasian populations relatively far from Europe
but directly descending from the European population
with hardly no racial mixing, the reported frequencies
have been similar to those found in central Europe. In the
United States, the percentage carrier rate ranges from
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36.5-45% (22,23), versus 32.5 to 45% in Canada (the lat-
ter percentage in Quebec) (24,25), and 36.7% in Aus-
tralia (26). On the other hand, it is very notorious that not
a single variant has been identified in the Asian popula-
tions of Japan (27), Korea (28), China (29,30) and India
(31), in either patients or controls —with the added feature
that these populations are comparatively much more ho-
mogeneous. More recently a study has been published in
Iran (32), though involving only few patients, with a re-
ported 32% mutation rate in patients with CD. This
serves to confirm that these mutations may also be pre-
sent in Asian populations. In other countries of Arab ori-
gin such as Turkey (33), the frequency of CD patients
who carry these mutations was seen to be very low
(10.7%), while in Tunisia (34) the frequency was so low
that there were no statistically significant differences
with respect to the control group. In the other study car-
ried out in an African population, specifically among Ne-
groes in South Africa, practically no mutations were
identified (35).

As a curiosity, only two studies have been carried out
in Latin America. One of them, conducted in Chile (36),
involves such a small patient series that few conclusions
can be drawn, though the results suggest a very low num-
ber of carriers. The other study was carried out in Brazil
(37), with a mutation frequency in CD patients of 30%. It
is important to bear in mind that the Brazilian population
is very heterogeneous, with a large number of individuals
of German descent.

Based on these data, it seems clear that the ethnic
background of the patients plays a fundamental role in
defining the number of mutation carriers. In a study con-
ducted in Israel (38) among Jews of both Ashkenazi and
non-Ashkenazi origin, mutations were recorded in 27%
of the cases, with no differences between the two origins.
However, in another recent study carried out in the same
country in a population of Arab origin (39), the observed
frequency of mutation carriers was very low (less than
9%), with no differences versus the controls. Ethnic dif-
ferences have also been documented in other countries

such as New Zealand, where patients of Maori origin
were seen to have fewer mutations (40). In the United
Kingdom, important differences have been observed be-
tween the population of Oxford (12) and the Scottish
population (41).

GEOGRAPHIC DIFFERENCES IN SPAIN

In Spain there are not so many ethnic differences,
though important differences in the prevalence of
CARDI15 mutations have been observed among the in-
habitants of different Spanish Autonomous Communi-
ties. As regards the percentage of CD patients presenting
some of the mentioned mutations, the first published
study, carried out in Madrid San Carlos Clinic Hospital
(42), reported a frequency of 32.8% among patients, and
10.7% in the controls. The next study, carried out a few
months after the first, in Galicia, reported mutations in
27.9% of the patients and in 15.2% of the controls (43).
Posteriorly, two independent studies have been made in
Catalonia: one without a control series (44), in which the
mutation rate in the patients was seen to be 30.5%, and
another study involving a control group (45), in which
the carrier rate was 30.9 and 6% among patients and con-
trols, respectively. Another study has been carried out in
Toledo (46), in which the carrier rate was 27.3% and
13.3% among patients and controls, respectively. The last
Spanish study published to date has been carried out in
Asturias (47), and has been the only study in this country
that has failed to record statistically significant differ-
ences in carrier rate between CD patients (17.3%) and
controls (17.6%). Table I details the presence of each of
the three mutations in patients and controls, in the pub-
lished Spanish studies.

As a curiosity, and given the proximity to some Span-
ish populations, another two studies have been carried
out on the Iberian Peninsula, including one in Oporto
(Portugal) (48) with a carrier rate of 34.6 and 12.9%
among patients and controls, respectively. However, in

Table I. Frequency of carriers of the principal mutations of the CARD 15 gene in the different Spanish studies

R702W G908R 1007fs

Madrid (42) Patients 13.7 p < 0.05 8.3 p <0.05 14.2 p <0.05
Controls 4.3 2.1 4.3

Galicia (43) Patients 13.3 p=ns. 7.9 p <0.05 8.5 p <0.05
Controls 11.5 1.8 1.8

Barcelona (45) Patients 22.6 p < 0.01 5.1 p=0.16 8.2 p=0.17
Controls 4.0 0 4.4

Toledo (46) Patients 15 p < 0.05 6 p=0.16 9 p=0.10
Controls 7 2 4

Asturias (47) Patients 8.8 p=ns. 3 p=ns. 6 p=ns.
Controls 11.6 2.3 35
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the other study, carried out in Lisbon (49), the document-
ed carrier rate was 21% among the patients and 16% in
the controls —no statistically significant differences being
observed between the two groups. Nevertheless, it must
be mentioned that this study involved a very limited
number of subjects.

IMPACT OF THE MUTATIONS UPON CROHN’S
DISEASE

It is important to know the usefulness of the genetic
mutations once the diagnosis of the disease has been
established. Consistent results have been published as
regards the relationship between the mutations of the
CARDI15 gene and the location of the disease. In a
British study (12), the mutations were only significant-
ly correlated to ileal disease, with a hazard ratio of 4 in
the presence of one mutation, and 30 in the presence of
two or more mutations. These observations have been
corroborated by other studies, as well as by a meta-
analysis published by Economou —OR 2.53 (95%ClI:
2.01 3.16)— (50). In addition to a greater association to
ileal forms of the disease, other studies have found the
CARDI15/NOD?2 variants to be inversely correlated to
CD of the colon (9,25). A probable explanation for
these results is the great difference between the im-
mune tolerance mechanisms of the ileum and colon
—the latter being exposed to a greater bacterial concen-
tration than the ileum. In this context, the colon may
use immunological mechanisms that are not dependent
upon CARDI15 function (51).

Although the results are less consistent, the mentioned
metaanalysis (50) has documented an association be-
tween the CARD15 variants and patients with fibro-stric-
turing forms of CD —OR 1.94 (95%CI: 1.61-2.34)—. On
separately analyzing the main studies, in most of them it
is seen that patients with stricturing CD have a larger
number of mutations than the rest of the patients
(9,12,22) —the association with this form of the disease
being stronger among patients presenting the insertion
variant (L1007insC) (52). The correlation of the muta-
tions to the stricturing forms of CD requires more de-
tailed study in the future, firstly because the evolutive
profile of CD is known to be able to change over the
years, and secondly because stricturing disease is posi-
tively correlated to ileal disease —and this could represent
a source of bias upon interpreting the results.

Regarding the association with the more severe
forms of the disease, most of the published studies
(7,15,19.48,53) point to an increased need for ileal
surgery in patients with CARD15 mutations —though
other authors have not been able to confirm this associ-
ation (38,54). In most studies, the mutation with the
strongest correlation has been insertion (1007fs). In
fact, in a study in which only this mutation was ana-
lyzed, an association to surgery was also found (55).
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Some studies deserve special mention, since they con-
tribute different concepts. Thus, Kugathasan et al. (23),
in a pediatric population, found that patients with
CARD15 mutations had an increased risk of surgery
(hazard ratio 5.8; p < 0.0001), and surgery was more-
over indicated at an earlier stage (hazard ratio 2.24). In
three independent studies, one carried out in Germany
(17), another in Italy (56) and another in Spain by the
group belonging to Barcelona Clinic Hospital (44), pa-
tients with mutations of the gene presented an in-
creased risk of repeated surgery, and such surgery was
moreover required earlier.

Considering the need for surgery as an indicator of
severity, these results would agree with the idea that the
CARDI15 gene plays an important role in establishing
susceptibility to more severe presentations of CD.
However, despite the relationship between these muta-
tions and the need for surgery in CD, it must be men-
tioned that the proportion of patients who carry muta-
tions in the population needing surgery is still too small
to allow its use as a predictive tool. In addition, it must
be taken into account that there are always a number of
patients who require surgery but do not carry mutations
of this gene.

CAN THE NOD2/CARD15 MUTATIONS BE
APPLIED IN ROUTINE CLINICAL PRACTICE?

At present, genetic testing in IBD is not prepared for
clinical application. The main reason is that to date most
of the genes only marginally increase the risk of develop-
ing the disease, and moreover many healthy individuals
who will not develop the disease carry these mutations.
Indeed, many individuals with NOD2/CARD15 muta-
tions will not develop CD. The hazard ratio in the pres-
ence of a single mutation is 2-3, though this figure in-
creases 20-40 in the presence of two mutations
(9,12,14-18). With the current prevalence of CD in Eu-
rope, it can be stated that the hazard ratio for developing
CD in the presence of two mutations in the European
population is 4-8% (9,12,14-18), though penetrance is
very low: less than 10% of all carriers of two mutations
will develop the illness. This means that other genes and
environmental stimuli are required to develop CD (57). A
very interesting aspect is that the determination of
CARDI15/NOD2 mutations can identify individuals at
high risk of developing CD, such as first-degree relatives
of patients with CD. A metaanalysis (50) has estimated
that the presence of any of the NOD2/CARDI15 muta-
tions increases the risk of familial CD —OR 1.41 (95%CI.:
1.17-1.69)-. However, the current lack of strategies for
preventing such individuals from developing CD speaks
against the determination of these mutations among the
relatives of CD patients. Theoretically, in this group of
high risk individuals it could be possible for example to
genetically modify these mutations through gene therapys;
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reduce the specific bacterial antigen burden in the bowel
lumen (in view of the above mentioned probability that
the susceptibility genes are specific of certain bacteria
—1i.e.,the NOD2/CARD15 mutations and MDP protein of
the bacterial cell wall); and avoid certain environmental
factors associated with the onset of bowel inflammation
and rupture of the mucosal barrier (58). Among such fac-
tors, mention can be made of smoking, which is an ex-
ogenous influence related to susceptibility and a poorer
course of CD. No greater or lesser association has been
recorded among the NOD2/CARD15 mutations, smok-
ing, and CD (9,53).

Recently it has been reported that a combination of
four genetic markers and smoking only increases the
post-test probability of developing CD by 1% —thus sug-
gesting that 99% of all individuals with a positive test re-
sult will never suffer CD (59).

There is a need to develop biomarkers capable of
predicting a more aggressive course of IBD in both CD
and in UC, with a view to introducing more aggressive
therapies in an earlier stage, and even for developing
strategies allowing us to use biological therapies as
first treatment choice (i.e., “top-down” strategies).
However, since genetic factors in turn are influenced
by environmental factors, strategies are clearly needed
that combine genetic factors with other factors such as
serological markers and clinical parameters, in order to
predict a more aggressive clinical course of the disease,
and to classify patients as being at high or low risk, in
order to define the best treatment option for each sub-
ject. Although a number of studies have related
NOD2/CARDI15 mutations to an increased need for
surgery (7,15,19,48,53), and thus to more severe forms
of the disease, it is presently not possible to use them as
a single marker of disease severity. The association of
such mutations to ileal CD (50) and stricturing behav-
ior (9,12,22,50) make them interesting for establishing
a molecular classification of CD, albeit only with appli-
cation to the investigational setting.

Pharmacogenetics aims to explain how genes interfere
with drug metabolic pathways and can influence treat-
ment response and toxicity. NOD2/CARD15 mutations
have also been postulated as being responsible for the
differences in treatment response among patients admin-
istered therapies such as anti-TNF agents, due to their ca-
pacity to produce changes in NF-kB activation and thus
in the production of anti-TNF effects. However, it has not
been possible to demonstrate this association in three in-
dependent cohorts of patients treated with infliximab
(60,61).

WHAT MUST WE TELL OUR PATIENTS?

Our patients must be informed that genetic techniques
do not yet have an impact upon the diagnosis and predic-
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tion of the clinical course of IBD, though interesting
work is being done in this field. At present, it is not
worthwhile to conduct the genetic sequencing of patients
for individualized clinical purposes. Rather, patients
should be encouraged to participate in well designed
studies to allow us to complete the genetic map of IBD,
reproduce the information we have collected to date, and
identify therapeutic targets for controlling IBD.
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