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R
ather than a unique disorder, Crohn’s disease is regarded as a common denominator for

various immune mediated inflammatory diseases of the gastrointestinal tract. These various

subforms of Crohn’s disease are characterised by T cell mediated tissue destruction in the

gut. In contrast with autoimmune diseases where autoantibodies react with self antigens,

inflammation in Crohn’s disease is directed against antigens that are mainly derived from the

environment.1 Although it may sound trivial, this adjustment in the understanding of the

pathogenetic mechanisms has a vast number of consequences for the search of the disease

causing factors and identification of therapeutic targets.

CROHN’S PHENOTYPESc
The various subforms of Crohn’s disease have not been recognised until recently. Historically,

colonic Crohn’s disease was not distinguished from ulcerative colitis. Approximately 30 years ago,

the first studies highlighted the diverse natural history of colonic and ileal Crohn’s disease.2

Inherent differences in disease behaviour (obstructing versus perforating) were later recognised

by a group of physicians at Mount Sinai Hospital in New York.3 Biological discrimination between

various subgroups of Crohn’s patients led to a proposal for a phenotypic classification,4 which was

taken up and further developed and evaluated by an international working group, leading to the

Vienna classification.5 Accordingly, Crohn’s disease is separated into three categories: age at

diagnosis, location, and behaviour (table 1). Several teams have now tested the Vienna

classification in their databases6–8 and found that it is feasible and reproducible. The behaviour

and age categories earned some criticism which will be discussed later. The location category was

found to be very useful and was also stable over time, with only one of seven patients having

changes over a 10 year observation period.7

CLASSIFICATION BY AETIOLOGY
The best classification would be by cause of disease, but unfortunately this is not known.

However, there is overwhelming indirect evidence for the presence of environmental triggers,

although the specific antigen(s) that drives the immune reaction in Crohn’s disease is still

obscure. Cigarette smoking is the only confirmed external factor involved in the pathogenesis of

Crohn’s disease. It has been linked to disease progression and unfavourable disease outcome

across the world. The underlying mechanism is incompletely understood.9 Smoking seems to be a

disease aggravating rather than a disease causing factor. In fact, smokers are more likely to

develop strictures or fistulae.10 No other external trigger has been generally recognised.

CROHN’S GENOTYPES
Apart from the disease causing environment, variations in the human genome contribute to

disease susceptibility and shape the clinical phenotype. The higher frequency of Crohn’s disease in

certain ethnic groups (particularly in Caucasians), familial aggregation, and a greater disease

concordance in monozygotic twins are strong indicators of the impact of genetic factors in disease

pathogenesis. However, the genetic trait of Crohn’s disease is complex, with genetic heterogeneity

and incomplete phenotype penetrance. To date, seven susceptibility loci have been identified

cosegregating preferentially with disease phenotype11 but no dominant inflammatory bowel

disease gene has been detected. Genetic variations are loading the gun but the environmental

factor still pulls the trigger.

This paradigm was further supported by identification of caspase activation and recruitment

domain 15 (CARD15) variants that confer susceptibility to Crohn’s disease.12 What have we

learned about the function of CARD15?

CARD15/NOD2
In 2001, Nod2 was identified as a Nod1/Apaf-1 homologous gene which mapped to chromosome

16q12.13 Later the gene was renamed CARD15 by the Human Genome Organisation (HUGO)
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nomenclature committee.12 14 15 CARD15 consists of 11 con-

stant exons and an alternative in the 59 region. Its 1040

amino acids are structured into four distinct domains: two N

terminal CARDs, a central nucleotide binding domain (NBD),

and a C terminal leucine rich repeat domain (LRR). CARDs

are responsible for interaction with CARDs from other

proteins, such as RIP-like interacting CLARP kinase (RICK),

and potentially with proteins of the apoptosis pathway. NBD

is responsible for self oligomerisation. The LRR domain is

required for peptidoglycan (PGN) induced nuclear factor kB

(NFkB) activation.

Three variants (SNP8 [R702W], SNP12 [G908R], and

SNP13 [L1007fs]) within the LRR were initially described

to be associated with Crohn’s disease.12 Screening of the

entire coding region of CARD15 identified another 30 non-

conservative missense mutations.16 The three common

mutations are present in up to 50% of Crohn’s patients but

also in up to 20% of healthy individuals, and they account for

82% of mutated alleles.16 CARD15 variants seem to be rather

disease specific because they do not confer risk to other

chronic inflammatory or autoimmune diseases.17 18 Variants

in the NBD were found to be associated with Blau syndrome,

a rare autosomal dominant disorder characterised by early

onset granulomatous arthritis, uveitis, and skin rash with

camptodactyly.17

One important observation is that CARD15 mutations are

thought to have a dose dependent effect as mutated

homozygotes and compound heterozygotes are found more

frequently in Crohn’s patients than expected. The three

common CARD15 mutations are neither necessary nor

sufficient for expression of the disease phenotype. In

Caucasians, they do not explain more than 20% of the

genetic predisposition to Crohn’s disease. This also varies

between different European countries as a high diversity

exists in different European populations (table 2). The

absence of CARD15 variants in Asian and sub-Saharan

African populations precludes any role for CARD15 variants

in Crohn’s disease in these populations.19

The CARD15 pathway
CARD15 is one of the mammalian bacteria sensing proteins

that is part of innate immunity leading to activation of the

NFkB pathway (fig 1). In the intestine, CARD15 is

Table 1 Vienna classification of Crohn’s disease

Age at diagnosis
Age when diagnosis of Crohn’s disease was first definitively established by radiology, endoscopy, pathology, or
surgery.

c A1—,40 y

c A2—>40 y
Location
Maximum extent of disease involvement at any time before the first resection. Minimum involvement for a location
is defined as any aphthous lesion or ulceration. Mucosal erythema and oedema are insufficient. For classification,
at least both a small bowel and a large bowel examination are required.

c L1—Terminal ileum

- Disease limited to the terminal ileum (the lower third of the small bowel) with or without spill over into the
caecum.

c L2—Colon

- Any colonic location between the caecum and rectum with no small bowel or upper gastrointestinal (GI)
involvement.

c L3—Ileocolon

- Disease of the terminal ileum with or without spill over into the caecum and any location between the
ascending colon and rectum.

c L4—Upper GI

- Any disease location proximal to the terminal ileum (excluding the mouth) regardless of additional
involvement of the terminal ileum or colon.

Behaviour

c B1—Non-stricturing non-penetrating

- Inflammatory disease which never has been complicated at any time in the course of disease.

c B2—Stricturing:

- Stricturing disease is defined as the occurrence of constant luminal narrowing demonstrated by radiological,
endoscopic, or surgical-pathological methods, with prestenotic dilatation or obstructive signs/symptoms
without the presence of penetrating disease at any time in the course of disease.

c B3—Penetrating:

- Penetrating disease is defined as the occurrence of intra-abdominal or perianal fistulas, inflammatory
masses, and/or abscesses at any time in the course of disease. Perianal ulcers are also included. Excluded
are postoperative intra-abdominal complications and perianal skin tags.

Adapted from Gasche and colleagues.5

Table 2 Diversity of caspase activation and recruitment
domain 15 (CARD15) allele frequencies in Europe

Population

Controls/Crohn’s disease (%)

SNP8 (R702W) SNP12 (G908R) SNP13 (L1007fs)

Finland47 1.8/3.3 0.0/0.6 1.7/4.8
Norway48 2.8/3.5 1.2/0.9 1.2/2.6
Scotland34 –/8.0 –/2.8 –/4.2
Ireland49 4.0/7.0 1.0/3.0 1.0/4.0
Great Britain33 5.2/12.5 1.4/3.3 1.6/9.4
Germany50 –/– –/– 3.3/23.7
Germany48 4.8/9.9 0.7/4.0 4.1/13.7
Poland51 –/– –/– 3.6/–
Netherlands52 –/– 3.0/4.3 1.0/8.5
Spain53 2.2/7.1 1.1/4.2 2.3/7.4
Italy54 –/– –/– 1.3/11.7
Italy55 5.9/9.0 1.4/4.3 2.3/6.3
Crete56 –/– –/– 1.5/2.7
European mix16 4.0/11.0 1.0/6.0 1.9/11.0
European mix57 4.2/11.4 0.2/4.2 3.4/14.6

SNP, single nucleotide polymorphism; –, not investigated.
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preferentially expressed in Paneth cells and macrophages.

Because of the overwhelming presence of bacteria in

proximity to the mucosal lining, toll-like receptor function

is downregulated in intestinal epithelial cells thereby

preventing undesired permanent immune activation.20

Therefore, prevention of bacterial invasion in the gut relies

mainly on CARD15 and Nod1. CARD15 and Nod1 have an

overlapping recognition pattern for bacterial PGNs, with

CARD15 being broader than Nod1. Thus CARD15 has a

distinct protective role in the intestinal tract because loss of

function mutations are only partially compensated for by

Nod1.21 22

Apart from activation of NFkB, Nod1 and CARD15 are

capable of activating caspase-1 and caspase-9.23 24 However,

the mechanism responsible for excess activity of NFkB in

Crohn’s lesions is not fully understood and may theoretically

be related to insufficient induction of apoptosis by CARD15

mutants. In return, the CARD15 promoter contains NFkB

response elements mediating its transcriptional activation

after tumour necrosis factor a (TNF-a) stimulation.25 26 TNF-a

dependent expression of CARD15 can be enhanced but not

independently induced by interferon c (IFN-c). In contrast,

Nod1 responds to IFN-c27 but not to TNF-a. This positive

feedback loop of CARD15 was found in infected intestinal

epithelial cells and may explain increased CARD15 expres-

sion in epithelial cells surrounding colonic Crohn’s

lesions.28 29

GENOTYPE-PHENOTYPE CORRELATIONS IN
CROHN’S DISEASE
Several groups have independently studied the association

between CARD15 variants and Crohn’s disease phenotype

(summarised in table 3). Appreciable differences were

detected in double mutation carriers. They showed unan-

imously that CARD15 variants only confer susceptibility to

ileal (L1 and L3 in the Vienna classification) but not colonic

(L2 in the Vienna classification) Crohn’s disease.30 31 Also,

CARD15 polymorphisms are not associated with ulcerative

colitis or indeterminate colitis, two distinct colonic forms of

inflammatory bowel disease.12 31 32 Carriers are further char-

acterised by a younger age at onset (A1 in the Vienna

classification).16 33 This fits with a general observation that

the relative importance of genetic (inherited) and environ-

mental (acquired) factors is shifted towards genes in younger

patients and towards environment in the elderly. Some

studies found a relation between CARD15 and complicating

(stricturing or perforating) disease. Multivariate analyses

however identified smoking habits and anti-saccharomyces

antibody profiles as the underlying factor.10 16 34 35 Intestinal

biopsies from double mutant carriers are reported to display

more granulomas,16 underlining the link between CARD15

and granuloma formation, as also observed in Blau

syndrome.

The relationship between CARD15 mutations and a certain

Crohn’s disease phenotype may serve as proof of principle:

Crohn’s disease is not a single disease but a common

denominator for various immune mediated inflammatory

diseases of the gastrointestinal tract. We may ask how

CARD15 mutations can determine the ileal location of

Crohn’s disease. The reason for this may be related to the

predominant expression of CARD15 in Paneth cells.36 37

Paneth cells, on the other hand, are most numerous in the

terminal ileum and are critically important in enteric

antibacterial defence (fig 2). These findings suggest a role

Figure 1 Caspase activation and recruitment domain 15 (CARD15) is mainly expressed in the granulocyte-macrophage lineage (including dendritic
cells) and also in Paneth cells of the intestinal tract.13 25 36 37 CARD15 is activated by binding of naturally occurring muropeptides, enzymatic
degradation products of peptidoglycans (PGNs) derived from bacterial cells walls.22 Their presence triggers CARD15 oligomerisation (as indicated by
three overlapping CARD15 molecules) and recruitment of RIP-like interacting CLARP kinase (RICK) via CARD-CARD interaction. RICK then activates
the nuclear factor kB inhibitor (IkB) kinase complex (IKK) via phosphorylation of IKKc. The IKK complex next phosphorylates IkB resulting in nuclear
factor kB (NFkB) translocation to the nucleus and transcriptional activation of NFkB responsive genes such as proinflammatory cytokines or
defensins.60

Table 3 Genotype-phenotype correlations in Crohn’s
disease

L1 (ileal) L2 (colonic) L3 (ileocolonic)

Cuthberth32 + – +
Lesage16 + – –
Murillo52 +/2 – +/2
Ahmad33 + – +
Vermeire58 + – +
Hampe48 + +/2 +
Abreu59 + – +
Mendoza53 + – –
Helio47 + – –
Bairead49 + – –
Giachino55 + – –

+/2, trend but not statistically significant.
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for CARD15 in the regulation of the Paneth cell mediated

response against intestinal bacteria and a plausible mechan-

ism explaining the selective association of CARD15 muta-

tions with ileal Crohn’s disease. The impaired capacity of

Crohn’s disease associated CARD15 mutations to sense the

intracellular presence of bacterial cell wall components (that

is, PGN) may result in overgrowth and invasion of certain gut

microbes, perhaps through impaired production of human

defensins leading to chronic inflammation.38

DOES PHENOTYPING AND GENOTYPING HAVE
RELEVANCE IN CLINICAL PRACTICE?
Assessment of disease phenotype
There is little controversy that the phenotypic discrimination

of Crohn’s subgroups is a key to the clinical management of

patients. Information regarding the patient’s age and sex,

disease location, and disease progression has been collected

long before the Vienna classification was established because

it is needed for appropriate patient care. For example,

information on disease location is crucial for prescribing

topical therapy39; information on disease progression (mild

versus aggressive) is pertinent when considering immuno-

suppressive therapy. The Vienna classification did not

introduce new disease variables but rather provided a

structured format to collect a minimal amount of information

on the most important variables.

The Vienna classification has however drawn legitimate

criticism for some shortcomings. Notable among these is the

observation that the behavioural classification progresses

with disease duration.7 8 Definitions for the aggressive

behaviour phenotype need to be adjusted in the future.40

Suggestions include implementing a certain point in time

after diagnosis (for example, five or 10 years) to finally

establish a complicating (B2 or B3) disease phenotype. When

setting this point at five years post diagnosis, one could

expect approximately 48% of cases to be B1, 12% B2, and 40%

B3, and at 10 years approximately 30% B1, 14% B2, and 66%

B3.8 Another suggestion relates to the separation of perianal

and intra-abdominal fistulising disease which are currently

grouped within the B3 category.41 Thereby, perianal disease

supersedes any internal disease characteristic and forces a

case to be classified as B3. Perforating disease behaviour was

primarily recognised as an indicator of aggressive disease that

requires repeated operations.3 This feature needs further

attention, particularly in relation to perianal disease which is

often the most debilitating aspect of Crohn’s disease.42

However, the behaviour category aims to depict the degree,

speed, and quality of tissue destruction, a clinically obvious

and relevant biological distinction between individual

patients. The age category has been criticised for its arbitrary

cut off at age 40 years. It is difficult however to identify solid

arguments for other cut off points. The higher proportion of

patients with colonic disease (L2) within the A2 group is a

good indicator that this separation has biological meaning.5

For now, the Vienna classification remains a simple tool to

minimally describe patient populations in clinical trials and

eases communication between physicians in clinical practice.

Assessment of disease genotype
Although laboratory assays for detection of CARD15 variants

are trivial and robust, its widespread application in clinical

practice should be strongly reconsidered because of jurisdic-

tional, ethical, and economical limitations. The central

question is: What is the benefit for the individual who

undergoes genetic testing?

Identifying individuals at risk
One of the advantages of genetic testing in general, is the

possibility of identifying individuals at risk of developing a

certain disease, thereby facilitating appropriate action for

disease prevention. With regard to Crohn’s disease, we have

to question the general risk of developing this phenotype in

the first instance? Such risk depends on the prevalence of

Crohn’s disease in the population studied. In most Western

European or North American countries the incidence now

plateaus at 6–7/100 000/year, with a disease prevalence of

approximately 150–180/100 000.43 Canada, exceptionally and

without any obvious explanation, has a significantly higher

incidence of 15/100 000/year and a prevalence of 200/

100 000.44 In accordance, the lifetime risk for development

of Crohn’s disease was estimated to be between 0.15% and

0.3%.
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Figure 2 Three caspase activation and recruitment domain 15
(CARD15) variants (R702W, G908R, and L1007fs) within the leucine
rich repeat (LRR) were initially described to genetically predispose to the
development of Crohn’s disease.12 These variants are disease specific
because they do not confer risk to other chronic inflammatory or
autoimmune diseases.17 18 In the intestinal tract, CARD15 is primarily
expressed in Paneth cells, which are critical in enteric antibacterial
defence.28 In CARD15 mutant individuals, nuclear factor kB (NFkB)
activation is reduced and thus the necessary antibacterial response,
such as expression of defensins, does not occur.61 62 Chronic NFkB
activation through alternative pathways is regarded as secondary to the
lack of an appropriate antibacterial response.21 Paneth cells are most
numerous in the terminal ileum and seem to be of local importance. A
CARD15 deficit in Paneth cells, as present in homozygous or compound
heterozygous mutants, is phenotypically related to Crohn’s ileitis. NBD,
nucleotide binding domain.
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What is the risk of developing Crohn’s disease in

individuals with a disease associated CARD15 variant?

Compared with individuals carrying two wild-type alleles,

the odds ratio of disease development was estimated to be

2–3 for heterozygous carriers and 20–40 for homozygotes or

compound heterozygotes.12 14 15 32 Therefore, the lifetime risk

for heterozygote individuals increases to 0.45–0.9%, and for

homozygote or compound heterozygote individuals to 3.0–

12.0%. However, even in the highest incidence areas (such as

Canada) and using the highest risk estimates (3 and 40), only

1 of 111 heterozygous and 1 of 8 homozygous or compound

heterozygous individuals will develop the disease phenotype.

In addition, in the average Caucasian population (assuming a

combined allele frequency (sum of the three major CARD15

SNPs) of approximately 7%), one has to screen 200

individuals to identify a single homozygous or compound

heterozygous individual. Genetic variations on different

genes may add some risk to phenotype penetrance. Most

likely however the clue to this remains undiscovered within

the environment of Western countries. Because of these

shortcomings, screening for CARD15 variants in Western

(and also any other) populations is currently not useful.

Is there a role for genetic testing in Crohn’s family

members? Genetic testing in gastroenterology has become a

precious tool in several familial diseases, including hereditary

cancer syndromes such as familial adenomatous polyposis

and hereditary non-polyposis colorectal cancer. On the one

hand, genetic testing allows for exclusion of transmission of a

certain mutation and thereby relieves the individual at risk

from the burden of early cancer development. On the other

hand, preventive actions such as drug therapy, surveillance

endoscopy, or proctocolectomy can be offered to mutation

carriers. As CARD15 variants cover only 20% of genetic

susceptibility to Crohn’s disease and because of the low

phenotype penetrance, it seems currently unreasonable to

perform genetic testing in Crohn’s families. In other words,

neither a negative (double wild-type) nor a positive test

result (double mutant) carries a certainty in predicting

phenotype penetrance. Most importantly, no measures are

available to prevent Crohn’s disease in individuals at risk. All

that physicians can do is recommend that the patient not

smoke. This however does not require genetic testing.

Differential diagnosis
Can CARD15 variants help to confirm or exclude the

diagnosis of Crohn’s disease, specifically in the case of

indeterminate colitis? Again, negative tests do not rule out a

diagnosis of Crohn’s disease and a positive test does not

prove its presence. Moreover, the ulcerative colitis-like

Crohn’s phenotype (L2 in the Vienna classification) is very

uncommon in patients carrying two mutations.31 This low

frequency of CARD15 mutations in Crohn’s colitis suggests

that CARD15 genotyping has a limited role in this situation.

Pharmacogenetics
Genetic variations are considered important variables which

may define a response or adverse event of drug therapy. Our

wish is to tailor drug therapy to the genetic background of

individual patients. For example, some centres perform

thiopurine methyltransferase genotyping for improving

6-mercaptopurine and azathioprine safety in Crohn’s

disease. So far, CARD15 variants were studied in relation to

infliximab therapy45 46 without detecting any association

with treatment response or side effects. Drug development

programmes intend to interfere with the specific genetic

defect in Crohn’s disease but no drug has been marketed yet

that interacts with the CARD15 pathway.

Genotyping within clinical trials
The fact that Crohn’s disease is not a single entity is readily

appreciated when studying genetic susceptibility. CARD15

double mutants are a distinct genetically defined Crohn’s

subgroup. As clinical trials generally report on the composi-

tion of the study cohort, future trials could implement the

frequency of CARD15 mutations. This could improve trans-

ferring the results of a certain study into other patient groups.

A different response of CARD15 carriers to certain therapies

may be observed in the future and will then allow

stratification of patients on the basis of genotyping. Apart

from the use of the Vienna classification, we therefore

endorse subgroup analysis on the basis of CARD15 genetics

in clinical trials

FINAL REMARKS
Identification of CARD15 variants as inheritable suscept-

ibility factors in Crohn’s disease defines a milestone in the

understanding of disease pathogenesis. CARD15 has pro-

vided a logical explanation for some of the phenomenon

observed within families or twins. It has opened a door

towards unravelling the network of Crohn’s pathogenesis. So

far we have learned that it relates to ileal disease location,

possibly through its selective expression in Paneth cells and

regulation of antibacterial host defence. The pathogenetic

understanding of CARD15 functions may open new avenues

to specific preventive measures and therapies that interfere

with the underlying disease mechanism and that are tailored

to the patient’s genotype. Until then, physicians have to rely

on clinical phenotype and their proper judgement of the

patient’s symptoms.
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