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Abstract
The complicated etiopathogenesis of Crohn’s disease includes a genetic background. Many epidemiological stud−
ies show geographical, racial, and ethnic differences in disease prevalence as well as familial occurrence. A genet−
ic background is currently confirmed by molecular studies. The first gene identified as a “susceptibility” gene of
Crohn’s disease was NOD2/CARD15. This paper explains the basic genetic definitions and the role of the CARD15
gene (Adv Clin Exp Med 2007, 16, 5, 689–694).
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Streszczenie
W wieloczynnikowej etiopatogenezie choroby Leśniowskiego−Crohna uwzględnia się podłoże genetyczne. Prze−
mawiają za tym obserwacje epidemiologiczne stwierdzające różnice geograficzne, rasowe i etniczne w częstości
występowania choroby oraz jej występowanie rodzinne. Obecnie podłoże genetyczne choroby znajduje także po−
twierdzenie na płaszczyźnie badań molekularnych. Pierwszym zidentyfikowanym genem „podatności” na chorobę
Leśniowskiego−Crohna był gen CARD15. Artykuł przybliża podstawowe pojęcia z zakresu genetyki oraz rolę ge−
nu CARD15 (Adv Clin Exp Med 2007, 16, 5, 689–694).

Słowa kluczowe: choroba Leśniowskiego−Crohna, CARD15.

The genetic material DNA (deoxyribonucleic
acid) is a nucleic acid located in the nucleus of
eukaryotic cells. The DNA molecule consists of
two strands composed of simple units called
nucleotides. A nucleotide consists of a phosphate
group, a sugar molecule called deoxyribose, and
one of four different nitrogen bases. The four
bases are adenine (A), guanine (G), thymine (T),
and cytosine (C). Genetic information is coded in
the sequence of these four bases. The human
genome contains coding DNA which contains
genes (30%) and non−coding DNA (70%) which
does not contain genes, referred to as “junk DNA”.
Genes are usually discontinuous; they have coding
regions called exons separated by non−coding
regions called introns (Fig. 1).

During the process of transcription, the entire
gene sequence is copied into pre−messenger RNA
(pre−mRNA); this primary transcript is processed
into mature mRNA. Introns are excised and exons
are jointed together, a process called RNA splicing.
Some genes can produce variant proteins by alter−
native splicing. The protein variants may differ in
the presence or absence of structural or functional
domains. These changes in amino−acid sequences
can cause important functional differences in the
isoforms. It is said that up to 50% of genes demon−
strate alternative splicing and thus have the poten−
tial to produce different protein isoforms.

The mature mRNA is exported out of the nuc−
leus into the cytoplasm where it is translated to
produce proteins (Fig. 1). The nucleotide sequences



determine the amino−acid sequence of the prote−
ins, so any changes can lead to protein malfunc−
tion. The nucleotide changes in the DNA molecu−
le can be grouped into three classes:

– base substitutions, which involve replace−
ment of usually a single base, also called a single−
nucleotide polymorphism (SNP),

– insertions, in which one or more
nucleotides are inserted into a sequence,

– deletions, in which one or more nucleotides
are eliminated from a sequence.

Sometimes DNA mutations do not result in
a change of the amino−acid sequence of the pro−
tein, referred to as a silent mutations, whereas
other DNA mutations leading to amino−acid
changes are called missense mutations. When an
amino−acid codon is replaced by a stop codon, the
protein is truncated and often unfunctional, this
type of mutation being defined as a nonsense
mutation. A frameshift mutation can be produced
by insertions, deletions, or splicing errors.
Different nucleotide changes may undoubtedly
affect the biological function of the protein, i.e.
decreased activity or a loss or gain in function.

Genetic disorders can be autosomal dominant,
autosomal recessive, or X−linked (the gene is
located on the X chromosome). Autosomal reces−
sive inheritance means that both alleles of the gene
carry the mutation and only homozygotes manifest
the disease symptom. Autosomal dominant inheri−
tance means that the disease affects heterozygotes
(only one allele is mutated). This type of inheri−
tance makes it difficult to estimate genetic risk due
to incomplete penetrance and expressivity. The
penetrance is defined as the percentage of individ−
uals with a given genotype who exhibit the pheno−
type associated with that genotype. A percentage
of less than 100% shows incomplete penetrance,
i.e. an individual may have a particular genotype
but may not express the corresponding phenotype
because of modifiers, i.e. epistatic genes, or

because of a modifying effect of the environment.
The other measure for describing the range of phe−
notypic expression is expressivity. Expressivity
refers to the severity of the phenotype, i.e. the dif−
ferent degrees of expression in different individu−
als may be due to variations in the allelic constitu−
tion of the rest of the genome or to environmental
factors.

Certain genetic diseases have a tendency to
become more severe and appear at an earlier age as
the disorder is passed from one generation to the
next. This phenomenon is called anticipation. The
conventional view is that human genetic diseases
result from changes in the DNA sequence (i.e.
mutations). However, identical twins having
essentially the same DNA can develop different
genetic defects. This phenomenon might be
explained by heritable changes in the pattern of
gene expression. Changes that are heritable but
which do not depend on changes in the DNA
sequence are called epigetetic.

Crohn’s Disease

Inflammatory bowel disease (IBD) encom−
passes two specific forms of the disease, known as
ulcerative colitis (UC) and Crohn’s disease (CD).
Approximately 5–10% of patients with inflamma−
tory bowel disease have undetermined colitis. The
etiopathogenesis of IBD is complex and still
unclear, but it seems that genetic, environmental,
and immunological factors play important roles in
its etiology. Researchers are still looking for new
markers to facilitate the diagnosis of IBD [1].
Ethnic, racial, and geographic variation, familial
clustering, and twin studies provide strong evi−
dence for genetic determinants in IBD [2].
Crohn’s disease and ulcerative colitis are more
common in the developed world, in both the USA
and Europe, and a north−south gradient has been
observed (more common in the north than in the
south). The incidence and prevalence of IBD is
lower in Asia, South America, Africa, and the
Pacific region. In Europe the incidence of ulcera−
tive colitis is 10.4 cases per 100,000 persons per
year and the incidence of Crohn’s disease 5.6
cases per 100,000 persons per year [3]. With
regard to racial and ethnic variation, consistently
increased incidence and prevalence of IBD in the
Jewish population has been documented, the
occurrence of disease being higher in Ashkenazi
Jews than in Sephardic Jews. The prevalence of
IBD is lower in the Afro−American than the
Caucasian population. Environmental factors such
as smoking may also play a role in causing
Crohn’s disease; people who smoke or who have
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Fig. 1. The structure of a gene and gene expression

Ryc. 1. Struktura genu i etapy ekspresji genu



smoked in the past have a higher risk than non−
smokers. In addition, smokers with Crohn’s dis−
ease will face more severe forms of the disease
with higher risk of flare−up and they will need
surgery more often [4, 5]. 

Familial aggregation of inflammatory bowel
disease was recognized many years ago; the rela−
tives of patients with IBD have a higher risk of ill−
ness than the general population. The prevalence
in first−degree relatives of patients with CD is
2.2–16.2% and with UC 5.7–15.5% [6].

Molecular Genetics 
of Crohn’s Disease
In recent years, genetic determinants in IBD

have been confirmed by molecular studies.
Attempts to localize genes involved in inflamma−
tory bowel disease have identified putative loci on
several chromosomes by genome−wide linkage
studies (Table 1).

Many IBD−associated loci with confirmed
linkage have been identified in chromosomal areas
(Fig. 2). 

Crohn’s disease is the result of an abnormal
immune response of the gut mucosa to microor−
ganisms or antigens in genetically susceptible peo−
ple. Csillag et al. studied the gene expression pro−
files of non−inflamed colonic mucosal cells from
patients with Crohn’s disease and from controls.
They found that, compared with controls, CD
patients had two up−regulated genes related to the
innate immune system. It is known that the expres−
sion of these genes can be induced by microorgan−

isms, which suggests either increased microfloral
antigenicity or an altered function in the mucosal
defense barrier [7]. Devlin et al. studied 732
patients with CD, 220 unaffected relatives, and
200 healthy controls. The results showed that the
patients with Crohn’s disease and unaffected rela−
tives carrying variants of the NOD2 gene had
increased adaptive immune responses to microbial
antigens. Ott et al. demonstrated that mucosal
inflammation in inflammatory bowel disease is
associated with loss of normal luminal anaerobic
bacteria. These authors did not find an association
between CARD15 mutations and bacterial diversi−
ty in CD patients [9].

Gene CARD15

Hugot et al. mapped the first susceptibility
locus for Crohn’s disease on chromosome 16q12.1,
called IBD1 [10]. In 2001, three independent stud−
ies reported the identification of the gene NOD2
within the IBD1 locus, subsequently renamed
CARD15 by the International Nomenclature
Committee. Three common mutations in the
CARD15 gene are known to be associated with
susceptibility to Crohn’s disease [11–13]:

– 1007fsinsC, a frameshift mutation which
leads to truncation of CARD15 protein,

– R702W and G908R, missense mutations
that result in amino−acid changes.

The relative risk of Crohn’s disease is
increased 2−to 4−fold in heterozygotes and 20− to
40−fold in homozygotes or combined heterozy−
gotes [10]. However, these three variants of
CARD15 gene do not account for all the disease−
causing mutations, which is why further investiga−
tions are being performed to search for rare muta−
tions. In the European population, 27 rare muta−
tions have been identified representing 19% of
disease−causing mutations in total, whereas the
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Locus Gene name Chromosome
(Locus) (Nazwa genu) (Chromosom)

IBD1 CARD15 16q12

IBD2 unidentified
(niezidentyfikowany) 12p13.2−q24.1

IBD3 TNF−α 6p

IBD4 unidentified
(niezidentyfikowany) 14q11−12

IBD5 SLC22A4, SLC22A5 5q31

IBD6 ICAM−1 19p13

IBD7 IL23R 1p36

IBD8 unidentified
(niezidentyfikowany) 16 q/p

IBD9 CCR2, CCR5 3p

IBD10 ATG16L1 2q37.1

Table 1. Susceptibility loci for Crohn’s disease

Tabela 1. Loci podatności na IBD

Fig. 2. Susceptibility and suggested linkages in in−
flammatory bowel disease

Ryc. 2. Chromosomowe umiejscowienie genów zwią−
zanych z nieswoistym zapaleniem jelit



three main polymorphisms R702W, G908R, and
1007fsinsC represent 32%, 18%, and 31% of dis−
ease−causing mutations, respectively [14]. It
turned out that 93% of all the mutations were
located in the leucine−rich region (LRR) of the
gene. Many studies of allele frequencies of the
CARD15 mutations revealed ethnic and geograph−
ic variation in selected CD populations throughout
the world (Table 2).

Results of the European Collaborative Study
on Inflammatory Bowel Disease (EC−IBD) indi−
cated that CARD15 mutations were less present in
the Scandinavian countries (12.1%) than in the rest
of Europe (32.8%) and did not correlate with the
incidence of CD [15]. Popular mutations in the
CARD15 and TLR4 genes that are common in the
West are not associated with CD in Taiwanese
children [16]. The CARD15 gene encodes a 1040−
amino−acid protein, a member of the cytosolic pro−

tein family involved in apotosis (programmed cell
death) and intracellular regulation of nuclear fac−
tor−κB (NFκB) activity [17]. Despite sequence
similarities with other family members, particular−
ly NOD1/CARD4, mutations in this gene are not
involved in susceptibility to CD [18]. The
CARD15 protein contains two N−terminal caspase
activation and recruitment domains (CARDs),
a centrally located nucleotide−binding oligomer−
ization domain (NOD), and leucine−rich repeats
(LRRs) at the C terminus (Fig. 3).

The LRR domains are important for bacterial
binding and recognize muramyl dipeptide (MDP)
derived from bacterial peptidoglycan (PGN),
a major cell−wall component of most Gram−posi−
tive and Gram−negative bacteria. Binding of MDP
to the LRR domains leads to NFκB activation and
induces NFkB−dependent immune response gene
expression (Fig. 4) [19, 20].
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Fig. 3. Structure of the CARD15
gene and protein

Ryc. 3. Struktura genu i białka
CARD15

Fig. 4. Outline of the innate−immune response to bacteria

Ryc. 4. Wrodzona odpowiedź immunologiczna



The identified mutations modify the structure of
the LRR domains of CARD15 protein or adjacent
ones, cause an altered immune response [12]. The
expression of CARD15 gene was noted in monocytes,
macrophages, B cells, and intestinal epithelial cells,
an especially high expression level being observed in
Paneth cells. Paneth cells are specialized epithelial
cells located in the crypts of the small intestine and
they secrete a number of anti−bacterial substances in
response to MDP and bacterial products [14]. The
antibacterial substances are located in granules within
the cytosol; close proximity of CARD15 protein and
secretory granules has recently been demonstrated. It
is speculated that CARD15 may be involved in degra−
dation and release of mediators [17].

The authors conclude that the discovery of the
first susceptibility gene for Crohn’s disease was very
important for further genetic studies. Using a novel
approach, researchers identified other loci associat−

ed with Crohn’s disease, for example IBD2, IBD3,
IBD4, IBD5, and IBD6, and putative susceptibility
genes (DLG5, ATG16L1, SLC22A4). Dutch scien−
tists have shown that in Crohn’s disease, carriage
of at least one CARD15 mutation is associated with
a more complicated disease behavior [21]. In the
Finnish population a carrier status for CARD15
mutations predicted an ileal localization of CD as
well as a liability to complications of CD, such as
strictures and fistulation [22]. A Polish study
revealed that CARD15 mutations can induce an
early onset of Crohn’s disease, joint diseases, iri−
dochoroiditis, and erythema nodosum [23]. Recent
data suggest that polymorphisms in other genes can
also cause Crohn’s disease. Noble et al. discovered
that the IBD5 locus contains two organic cation
transporter genes: OCTN1 (SLC22A4) and OCTN2
(SLC22A5) influence susceptibility, progression,
and the need for surgery in CD patients [24].
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Population R702W G908R 1007fsinsC Phenotype
(Populacja) % % % (Fenotyp)

European 11 6 11 ileal, early onset
(Europejska) (jelito kręte/wczesny początek)

USA ND ND 8.2 ND

UK 12.5 3.3 9.4 ileal, early onset
(jelito kręte/wczesny początek)

Scottish 7.1 1.8 4.7 ND
(Szkocka)

Pediatric 14 5 26 ileal
(Pediatryczna) (jelito kręte)

Asian 0 0 0
(Azjatycka)

Table 2. CARD15 allele frequencies in different populations [14]

Tabela 2. Częstość alleli genu CARD15 w różnych populacjach [14]

ND – not done.

ND – niebadane.

References
[1] Błachut K, Krzystek−Korpacka M, Matusiewicz M, Petryszyn P, Kustrzeba−Wójcicka I, Banaś T,

Paradowski L: Angiogenic factors VEGF−A, VEGF−C and midkine are elevated in flare and remission of ulcer−
ative colitis and Chrohn’s disease. J Crohn’s Colitis Suppl 2007, 29, P100, Abstracts of ECCO Congress.
Innsbruck, Austria, 1–3 March 2007.

[2] Paradowski L, Neubauer K, Kollbek P: Epidemiologia nieswoistych zapaleń jelit, skala problemu. Med Dypl
2007, suppl. 05/07, 33–37.

[3] Shivananda S, Leonard−Jones J, Logan R, the EC−IBD Study Group: Incidence of inflammatory bowel dis−
ease across Europe: is there a difference between north and south? Results of the European collaborative study on
inflammatory bowel disease (EC−IBD). Gut 1996, 39, 690–697.

[4] Halfvarson J, Jess T, Magnusom A, Montgomery SM, Orholm M, Tysk C, Binder V, Järnerot G:
Environmental factors in inflammatory bowel disease: a co−twin control study of a Swedish−Danish twin popula−
tion. Inflamm Bowel Dis 2006, 12, 925–933.

[5] Bridger S, Lee JCW, Bjarnason I, Leonard Jones JE: In siblings with similar genetic susceptibility for inflam−
matory bowel disease, smokers tend to develop Crohn's disease and non−smokers develop ulcerative colitis. Gut
2002, 51, 21–25. 

[6] Russell RK, Satsangi J: IBD: a family affair. Best Pract Res Clin Gastroenterol 2004, 18, 525–539. 



[7] Csillag C, Nielsen OH, Vainer B, Olsen J, Dieckgraefe BK, Hendel J, Vind I, Dupuy C, Nielsen FC, Borup R:
Expression of the genes dual oxidase 2, lipocalin 2 and regenerating islet−derived 1 alpha in Crohn’s disease.
Scand J Gastroenterol 2007, 42, 454–463.

[8] Devlin SM, Yang H, Ippoliti A, Taylor KD, Landers CJ, Su X, Abreu MT, Papadakis KA, Vasiliauskas EA,
Melmed GY, Fleshner PR, Mei L, Rotter JI, Targan SR: NOD2 variants and antibody response to microbial
antigens in Crohn’s disease patients and their unaffected relatives. Gastroenterology 2007, 132, 576–586. 

[9] Ott SJ, Musfeldt M, Wenderoth DF, Hampe J, Brant O, Folsch UR, Timmis KN, Schreiber S: Reduction in
diversity of the colonic mucosa associated bacterial microflora in patients with active inflammatory bowel disease.
Gut 2004, 53, 685–693.

[10] Hugot JP, Laurent−Puig P, Gower−Rousseau C, Olson JM, Lee JC, Beaugerie L, Naom I, Dupas JL, Van
Gossum A, Orholm M, Bonaiti−Pellie C, Weissenbach J, Mathew CG, Lennard−Jones JE, Cortot A,
Colombel JF, Thomas G: Mapping of susceptibility locus for Crohn’s disease on chromosome 16. Nature 1996,
379, 821–823.

[11] Hugot JP, Chamaillard M, Zouali H, Lesage S, Cezard JP, Belaiche J, Almer S, Tysk C, O’Morgain CA,
Gassull M, Binder V, Finkel Y, Cortot A, Modigliani R, Laurent−Puig P, Gower−Rousseau C, Macry J,
Colombel JF, Shbatou M, Thomas G: Association of NOD2 leucine−rich repeat variants with susceptibility to
Crohn’s disease. Nature 2001, 411, 599–603.

[12] Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, Ramos R, Britton H, Morgan T, Karaliuskas R,
Duerr RH, Achkar JP, Brant SR, Bayless TM, Kirschner BS, Hanauer SB, Nuñez G, Cho JH: A frameshift
mutation in NOD2 associated with susceptibility to Crohn’s disease. Nature 2001, 411, 603–606.

[13] Hampe J, Cuthbert A, Croucher PJ, Mirza MM, Mascheretti S, Fisher S, Frenzel H, King K, Hasselmeyer
A, MacPherson AJ, Bridger S, van Deventer S, Forbes A, Nikolaus S, Lennard−Jones JE, Foelsch UR,
Krawczak M, Lewis C, Schreiber S, Mathew CG: Association between insertion mutation in NOD2 gene and
Crohn’s disease in German and British populations. Lancet 2001, 357, 1925–1928. 

[14] Russell RK, Nimmo ER, Satangi J: Molecular genetics of Crohn’s disease. Curr Opin Gen Develop 2004, 14,
264–270. 

[15] Riis L, Vind I, Vermeire S, Wolters F, Katsanos K, Politi P, Freitas J, Mouzas IA, O’Morain C, Ruiz−Ochoa V,
Odes S, Binder V, Munkholm P, Moum B, Stockbrügger R, Langholz E, European Collaborative Study
Group on Inflammantory Bowel Disease: The prevalence of genetic and serologic markers in an unselected
European population−based cohort of IBD patients. Inflamm Bowel Dis 2007, 13, 24–32. 

[16] Hsiao CH, Wei SC, Wong JM, Lai HS, Chang MH, Ni YH: Pediatric Crohn's disease: clinical and genetic char−
acteristics in Taiwan. J Pediatr Gastroenterol Nutr 2007, 44, 342–346. 

[17] Aldhous MC, Nimmo ER, Satsangi J: NOD2/CARD15 and Paneth cell: another piece in the genetic jigsaw of
inflammatory bowel disease. Gut 2002, 52, 1533–1535. 

[18] Zouali H, Lesage S, Merlin F, Cézard JP, Colombel JF, Belaiche J, Almer S, Tysk C, O’Morain C, Gassull
M, Christensen S, Finkel Y, Modigliani R, Gower−Rousseau C, Macry J, Chamaillard M, Thomas G, Hugot JP:
EPIMAD group, EPWG−IBD group, GETAID Group. CARD4/NOD1 is not involved in inflammatory bowel dis−
ease. Gut 2003, 52, 71–74.

[19] Ogura Y, Inohara N, Benito A, Chen FF, Yamaoka S, Nunez G: Nod2, a Nod2/Apaf−1 family member that is
restricted to monocytes and activates NF−κB. J Biol Chem 2001, 276, 4812–4818.

[20] Inohara N, Ogura Y, Numez G: Nods: a family of cytosolic proteins that regulate the response to pathogens.
Curr Opin Microbiol 2002, 5, 76–80.

[21] van der Linde K, Boor PP, Houwing−Duistermaat JJ, Crusius BJ, Wilson PJ, Kuipers EJ, de Rooij FW:
CARD15 mutations in Dutch familial and sporadic inflammatory bowel disease and an overview of European
studies. Eur J Gastroenterol Hepatol 2007, 19, 449–459.

[22] Helio T, Halme L, Lappalainen M: CARD15/NOD2 gene variants are associated with familially occurring and
complicated forms of Crohn's disease. Gut 2003, 52, 552–557.

[23] Dobrowolska−Zachwieja A, Kaczmarek M, Hoppe−Gołębiewska, Kalak R, Słomski R, Linke K: Wpływ
wariantu mutacji NOD2/CARD15 na występowanie objawów spoza przewodu pokarmowego u chorych z choro−
ba Leśniowskiego−Crohna w populacji polskiej. Now Lek 2004, 73, 337–348.

[24] Noble CL, Nimmo ER, Drummond H, Ho GT, Tenesa A, Smith L, Anderson N, Arnott ID, Satsangi J: The
contribution of OCTN1/2 variants within the IBD6 locus to disease susceptibility and severity in Crohn’s disease.
Gastroenterology 2005, 129, 1854–1864.

Address for correspondence:
Katarzyna Neubauer
Gastroenterology and Hepatology Department
Silesian Piasts University of Medicine
Borowska 213
50−556 Wrocław
Poland
Tel.: +48 71 733 21 22
E−mail: gastro@gastro.am.wroc.pl

A. SADAKIERSKA−CHUDY, K. NEUBAUER, E. PONIEWIERKA694

Conflict of interest: None declared

Received: 1.08.2007
Revised: 11.09.2007
Accepted: 30.10.2007


