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Abstract

The etiology of inflammatory bowel diseases, Crohn’s disease and
ulcerative colitis, is uncertain. Studies of specific environmental factors
and immune dysfunction have provided limited insight into disease
pathogenesis. There is ample evidence that these diseases are in part
the result of genetic predisposition. The early search for candidate
genes focused on genes involved in the regulation of immune function.
Recent genome-wide searches reported several susceptibility loci for
Crohn’s disease and ulcerative colitis. The recent identification of the
IBD1 gene (NOD2) with mutations that are associated with suscept-
ibility to Crohn’s disease will have a major impact on the understanding
of the genetics of this disease.
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Crohn’s disease and ulcerative colitis, the chronic inflammatory
bowel diseases, are common causes of gastrointestinal illness in
young people in the western world. CD may affect any part of the
gastrointestinal tract, most commonly the ileum and colon, and is
characterized by the presence of discontinuous areas of transmural
inflammation. UC inflammation is confined to the colonic mucosa,
continuous from the rectum to a variable extent proximally. Both
diseases may have extra-intestinal manifestations.

On a global scale, the incidence distribution of UC and CD
follows distinct patterns. Northern countries, such as England,
Norway, Sweden and the United States, have the highest rates of
the diseases. The prevalence of IBD in the USA is 200-300/
100,000 with a similar prevalence of CD and UC. By contrast,
countries in southern Europe (including Israel), South Africa and
Australia have lower incidence rates. The geographic variation in
incidence rates may be in flux. It appears that Israel and the
southern countries of Europe are ‘catching up’ to their northern
neighbors [1]. The maximum prevalence of CD and UC was
observed in the kibbutz population in Israel in 1997: 167.2/
100,000 and 65.1/100,000 respectively (2,3]. Several studies have
suggested that within specified geographic areas, the incidence
rate of IBD is consistently two to fourfold higher in Ashkenazi
Jews (eastern European origin) than in other ethnic groups [4]. In

CD = Crohn'’s disease
UC = ulcerative colitis
IBD = inflammatory bowel disease

addition to them having a greater population risk of IBD,
Ashkenazi Jews also have a greater familial risk. IBD is
uncommon in developing countries. The fact that the incidence
in immigrants to western developed countries is approaching
that of the natives suggests the presence of a risk factor in
developed countries.

One of the difficulties that patients have in accepting their
diagnosis of IBD is that a specific etiology has not been
identified. With regard to environmental factors in western
industrial countries, the only consistently measurable risk factor
for CD has been smoking, which appears to be protective for UC.
This association was not found among Jewish Israeli CD patients
[5]. Several other risk factors have been postulated but remain
unproven, notably measles and the use of birth control pills.
While a gut luminal bacterium has been implicated in human
IBD studies and animal models of IBD, the evidence indicating a
specific microbial agent is inconclusive [6]. Furthermore, im-
munologic studies have shown an increased presence of
autoantibodies and antibodies against common dietary products
[7], but the role of dietary products in the etiology of IBD is
unknown.

Genetic etiology of IBD

Within the environment of western industrial countries, the greatest
risk for developing IBD is genetic. There is both direct and indirect
evidence of IBD having a genetic etiology, as described below.

Twin studies

Epidemiologic data on twins constitute the most compelling
evidence. A carefully controlled twin study, based on the Swedish
twin registry, found that in the CD group of 18 unselected
monozygotic pairs 8 were concordant for CD versus only 1 of 26
dizygotic pairs. In the UC group, 1 of 16 monozygotic pairs was
concordant for the disease, but all the other 20 pairs (dizygotic or
unknown zygosity) were discordant. The proband pair-wise con-
cordance rates among monozygotic twins were 58.3% for CD and
6.3% for UC [8]. Similar results were reported from the Danish twin
registry [9]: the proband pair-wise concordance rates among
monozygotic pairs were 58.3% for CD and 18.2% for UC. The
dramatic increase in monozygotic twin concordance rates as
compared to dizygotic twin concordance rates for CD (and the
similar dizygotic and non-twin sibling concordance rates) can only
be explained by hypothesizing a strong genetic component under-
lying CD [10].
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However, the twin data also suggest that IBD is not completely
explained by genetics. The lack of complete concordance in
monozygotic twins may partly be attributable to the unaffected
twin not being exposed to an environmental trigger or risk factor or,
alternatively, having been exposed to an unidentified protective
environmental effect.

Associated genetic syndromes

The association of CD with other known genetically determined
disorders has been used as indirect evidence for a genetic
component. Among these associated diseases are: Turner's
syndrome [11], as well as the complex autoimmune genetic
diseases ankylosing spondylitis (especially in conjunction with the
HLA-B27 haplotype), psoriasis [12], and multiple sclerosis [13].
Other rare genetic syndromes such as Hermansky-Pudlak syndrome
[14], glycogen storage disease type Ib [15] and pachydermoper-
jostosis [16] have also been associated with an increased risk of
IBD. These genetic syndromes should raise suspicion for IBD in
symptomatic individuals.

Familial prevalence of IBD

Many studies have demonstrated an increased prevalence of IBD
among relatives of patients with CD and UC. Overall, 10-20% of
individuals with IBD report one or more additional relatives with
IBD [17). IBD is found 5-12 times more frequently in relatives of
people who have CD or UC than in relatives of normal controls. The
family IBD history for patients with CD is mostly CD, and for
patients with UC it is mostly UC. However, the cross-disease
association may be considerable [18]. For example, the Meyerhoff
IBD Center at Johns Hopkins in Baltimore (USA) reported the IBD
family history in 540 consecutive CD patients. They found that 17%,
13%, and 5.4% had first-degree relatives with IBD, CD, and UC
respectively [17]. Orholm et al. [19] reported similar results in the
Danish population, with the risk for UC and CD among offspring of
patients with IBD being 2-13 times higher than the risk within the
general population. Consistent with findings in a more 'genetic’
subset, in the Johns Hopkins study those with a family history of
IBD were significantly more likely to have a younger age at
diagnosis, to be of Jewish ethnicity, and to have small bowel disease
[20]. Investigators in Israel also found CD clustering in families, but
less than in European or American studies. In a familial study of 189
Jewish CD patients conducted in Israel by Zlotogora and co-workers
[21], the IBD prevalence of first-degree relatives was only 6.6%. The
prevalence was similar in the families of Ashkenazi and non-
Ashkenazi origin.

Although familial clustering could possibly be due to shared
familial exposure to an environmental risk factor (such as an
infectious agent), no evidence for an increased risk of CD to
spouses or adopted family members was found. One frequently
used measure of genetic clustering, A (prevalence in siblings
divided by population prevalence), has been estimated at 36.5 for
CD, 16.6 for UC and 24.7 for IBD [22]. In comparison with other
complex genetic diseases the A and thus genetic clustering for IBD
is relatively high. For example, in insulin-dependent diabetes
mellitus and schizophrenia, A is 15 and 8.6, respectively.

IBD - a complex genetic disorder
IBD is considered a complex genetic disorder predicted to involve
multiple genes of relatively low penetrance, since the familial
patterns of inheritance do not conform to simple Mendelian
models. Clearly, a recessive model cannot fit the majority of families
as the risk to siblings is not much greater than the risk to offspring.
In a Danish study, an autosomal recessive model fit CD inheritance
in 7% of families, and a dominant model with low penetrance fit UC
inheritance in 9-13% of families [23]. The results from this study
were not significantly different from a multifactorial model. A
complex mode of inheritance is also predicted by the finding that
the sibling risk of a Jewish proband is consistently greater than that
of a non-Jewish proband [4]; any simple Mendelian inherited trait
would have the same sibling risk independent of the incidence in
the ethnic subpopulation (e.g., cystic fibrosis, Tay-Sachs disease).
Genetic complexity can result from gene-gene and gene-
environment interactions. One gene polymorphism may require
the concurrent inheritance of a second gene polymorphism
elsewhere in the genome, inherited independently, for full disease
expression to occur, or exposure to environmental triggers may be
necessaty.

Identifying IBD genes

Candidate gene studies

The early search for candidate IBD genes focused on regulatory
genes of immune function, particularly genes of the major
histocompatibility complex. Human leukocyte antigen DRB1*1502
(DR2) is associated with increased risk of UC in Japanese and
Ashkenazi Jews, but the allele is rare in non-Jewish Europeans with
UC. An association between CD and HLA association is less
tentative, with the strongest evidence coming from HLA DRB3*0301
[24). More recently, genes outside the HLA system have come under
scrutiny. A number of investigators have sought a genetic
association of IBD with cytokine genes. A recent large UK study
and meta-analysis of previous studies provides strong evidence that
allele 2 of the interleukin-1 receptor antagonist (IL-1ra) gene is
associated with UC [25]. Anti-tumor necrosis factor-alpha anti-
bodies have been effective in treating CD. Early reports suggested
that specific TNF alleles can predict response to the medication; a
Japanese study showed evidence of an association with TNF
promoter polymorphisms and CD [26]. These polymorphisms were
related to high transcriptional promoter activity.

Other examined candidate genes have included the transporter
antigen processing genes TAPI and TAP2, the third component of
complement C3, T cell receptor genes and intracellular adhesion
molecules, and most recently the natural resistance-associated
macrophage protein 1, which modifies intracellular adhesion [27].
No significant association was found between either polymorph-
isms of these genes and patients with IBD. Very recently groups
have been evaluating the genetic association of genes that, when
disrupted in rodents, produced IBD-like phenotypes generating
animal models of IBD, such as interleukin-10 [28].

HLA = human leukocyte antigen
TNF = tumor necrosis factor
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Currently, the only  Table 1. Genome-wide screens for IBD

clinically established ge-

. Research Reference No. of pedigrees Loci with evidence of

netic markers relevant to . .
group studied linkage to IBD

?BD are HLA'BN' hglpful France 29 25+53 CD(see text) 16 centromere (IBD1)*
in establishing coexisting Oxford, England 30 89 +97 (CD, UC or mixed) 3p, 7q, 12q (IBD2)
ankylosmg spondylltls, Chicago/Hopkins 31 174 (CD, UC or mixed) 1p (IBD7), 3q, 4q, 16q (IBD1)*
and HLA-B8 and DR3 Germany/UK 32 268 (CD, UC or mixed) 1, 4q, 6p (IBD3), 10*, 12*, 16(IBD1)*,
that are associated with 22
60-80% of primary scler-  Los Angeles, USA 33 46 CD 5q*, 14q (IBD4)*
osing cholangitis, a dis- Pittsburgh, USS\ 34 62 CD " 14q (IBD4)*
ease found in 3% of [BD  1oronto. Canada 35 158 (CD, UC or mixed) 3p, 50%, 6p (IBD3), 19p
patients. *  Linkage evidence reported for CD only

Genome-wide scanning

Recent investigative efforts have focused on performing whole-
genome linkage studies in multiply affected (multiplex) IBD
pedigrees to identify human chromosomal regions (loci) that have
genetic evidence for (or ‘linkage’ to) encoding IBD susceptibility
genes. The hypothesis is that IBD clustering within families will be
the result of the co-inheritance of specific disease-causing gene
polymorphisms or mutations. Loci can be mapped by identifying
genetic polymorphic markers (DNA sequences of known chromo-
somal location containing frequently found sequence variations or
polymorphisms), whose polymorphisms are co-inherited among
affected relatives significantly more than that expected by chance
alone. In a whole-genome linkage study, polymorphic markers
located throughout the human genome are determined (genotyped)
in multi-affected pedigrees. If there is significantly increased co-
inheritance of polymorphisms in the affected relatives for markers
in a given region, that region is considered “linked” to the IBD trait.
Once linkage is replicated by additional studies and a susceptibility
locus is established, genes that are encoded within such loci can be
evaluated for mutations or functional polymorphisms maximally
associated with cases compared to controls. In contrast to
candidate gene studies, this “positional cloning” strategy does
not require any a priori functional knowledge of the genes, other
than that they are located within a susceptibility locus. One of the
first great successes of positional cloning was the identification of
the cystic fibrosis gene (CFTR).

The first published genome-wide screen in IBD concentrated
exclusively on CD. Hugot et al. [29] studied 41 affected sibpairs in
25 French families with CD. To extend evidence of linkage, a second
panel of 71 sibpairs in 53 European families was genotyped for four
markers on chromosomes 16 and Ip. The combined data set
analysis demonstrated evidence of linkage over a 40 cM region in
the pericentromeric region of chromosome 16. This first positionally
identified IBD locus was designated IBDI. Interestingly, loci for
psoriasis, lupus and the autosomal dominant granulomatous
autoimmune disorder, Blau syndrome, also map to pericentromeric
chromosome 16. However, the degree of sharing of this region in
relatives showed that IBD1 could explain only a minor proportion of
the overall familial CD risk.

Since Hugot's study, there have been six additional published
genome-wide screens for IBD. They are summarized in chronolo-
gical order in Table 1.

Identification of the first gene for CD: NOD2

Apoptotic activating factor 1 and NODI, also called CARD4, are
members of a family of intracellular proteins that contain an N-
terminal caspase recruitment domain, a centrally located nucleo-
tide-binding domain, and a C-terminal regulatory domain. NODI
promotes apoptosis, but unlike APAFI, it does so through nuclear
factor kappa-B activation. NODI has striking structural similarity to
a class of disease-resistance genes in plants that induce localized
cell death at the site of pathogen invasion. By searching a genomic
database for NODI homologs, Ogura et al. [36] obtained cDNAs
encoding NOD2. Northern blot analysis detected 7.0 and 5.5 kb
NOD?2 transcripts in peripheral blood leukocytes (primarily in
monocytes), with little or no expression in other tissues. It was
shown that like NODI, exposure of NOD2 to bacterial lipopoly-
saccharides results in NFKB activation. NOD2 was mapped to
16q12 (within the linkage region IBDI). All the coding exons and
the flanking introns of the NOD2 gene were sequenced in 12 CD-
affected individuals from CD families with increased evidence of
linkage to IBDI, and in 4 case controls. Ogura and team [37]
identified a 1 basepair insertion (C) at nucleotide 3020 (3020insC)
in exon 11 of the NOD2 gene. This resulted in a frameshift mutation
followed by a premature stop codon. The predicted truncated NOD2
protein contained 1,007 amino acids instead of the 1,040 amino
acids of the wild-type protein. The allele frequency of the 3020insC
mutation was 8.1% among non-Jewish Caucasians and 8.4% among
Ashkenazi Jews. The frequency among control Caucasians was 4%,
and among UC patients 3%. Cells transfected with NOD2 carrying
the 3020insC mutation had no significant response to bacterial
lipopolysaccharide.

Using a positional cloning strategy based on linkage analysis,
Hugot and colleagues [38] identified three independent mutations
in the NOD2 gene that were strongly associated with CD. In
addition to the 3020insC mutation they identified two non-
conserved missense mutations, R908W and Al1007R. The relative
risk of CD for individuals who were heterozygous, homozygous or
compound heterozygous (carrying two different mutations) for the
identified NOD2 mutations was 3-fold, 38-fold, and 44-fold higher
than for normal controls, respectively. Hampe et al. [39] recently
evaluated the 3020insC mutation in German and British IBD

APAFI1 = apoptotic activating factor 1
NFKB = nuclear factor kappa-B
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patients and controls. They observed an increased risk of 2.6 and
42.1 for heterozygous and homozygous carriers, respectively.
Interestingly, they noted that because the number of unaffected
persons in the overall population carrying a NOD2 mutation
exceeds the number of persons with CD, and especially those with
CD and NOD2 mutations, the extrapolated proportion (penetrance)
of a heterozygous or homozygous carrier actually developing CD
was only 0.03% and 1.7%, respectively! This suggests that other
genetic and environmental factors are also necessary for developing
CD, even with increased risk from NOD2.

The implication of NOD2 mutations on CD pathogenesis is still
unknown. Several mechanisms can explain the susceptibility to CD
in individuals carrying the NOD2 mutations. A deficit in sensing
bacteria in monocytes might result in an exaggerated inflammatory
response by the adaptive immune system. It is also possible that
NOD?2 variants might be hyper-responsive to lipopolysaccharide
from certain bacterial strains.

Genetic counseling

There are no established guidelines for IBD risk to children of
affected parents. In the USA, the lifetime risk to children of one
parent with IBD is 7-11%, and half of the risk will be reached during
the third decade of life. The risk is likely to be higher if the parent
has a family history of IBD, developed IBD at an early age, or is of
Ashkenazi Jewish ancestry. The findings of Zlotogora et al. [21]
suggest that because IBD appears to be less familial in Israeli Jews,
the risk to offspring may be lower than in the USA. There is only one
large study of couples in which both parents had IBD. Among 19
couples, 12 of the 23 children who were 20 years of age or older
(52%) developed IBD, usually CD [40]. Presently there are
insufficient data to estimate risks for counseling of patients with
IBD in non-white populations.

Clinically, patients with CD and a family history of IBD are more
likely to be diagnosed at a younger age, to have small bowel rather
than colonic disease, and perhaps more extra-intestinal manifesta-
tions and more complications of perforation, and abscess [20].

When siblings are concerned about developing IBD, they should
be counseled accordingly, taking into account their age and
subtracting the past years of risk. Guidance should also be given
to avoid potential risk factors (e.g., smoking). Risk to parents
because their child developed IBD and risk to more distant relatives
of a proband with IBD are less than the sibling and offspring risk.

Currently, there are no established tests (such as the UC and CD
associated antibodies, antineutrophil cytoplasmic antibodies or
anti-Saccharomyces cerevisiae antibodies, respectively) for potential
identification of relatives at greater risk for developing IBD that are
beyond the investigative stages. The implications of a positive
ANCA or ASCA test in an asymptomatic relative of a proband with
IBD are unknown. Use of these tests is not indicated in
asymptomatic individuals.

The identification of the association between NOD2 mutations
and susceptibility to CD has prompted meaningful progress

ANCA = antineutrophil cytoplasmic antibodies
ASCA = anti-Saccharomyces cerevisiae antibodies

towards understanding the genetics of CD. We and others are
seeking additional gene mutations and variations to understand the
genetic propensity for developing IBD. As the genetic arm of IBD
pathophysiology is dissected, more exact genetic counseling,
directed therapeutic modalities and preventive strategies will be
possible. Yet, it is agreed that the knowledge to date is not
sufficient for genetic counseling based on the NOD2 genotype.
There are many variants of the NOD2 gene but their relevance to
CD susceptibility is not yet known. As mentioned before, most
people who are heterozygous and homozygous for the NOD2
mutations will never develop CD. It is postulated that there are
associated environmental factors or other gene mutations that have
to coexist with the NOD2 mutations for expressing CD.

References

1. Shivananda S, Lennard-Jones |, Logan R, Fear N, Price A, Blankenstein
M. Incidence of inflammatory bowel disease across Europe: is there a
difference between north and south? Results of the European
collaborative study on inflammatory bowel disease (EC-IBD). Gut
1996,39:690-7.

2. NivY, Abuksis G, Fraser GM. Epidemiology of Crohn’s disease in Israel: a
survey of Israeli kibbutz settlements. Am | Gastroenterol 1999;94:2961-5.

3. NivY, Abuksis G, Fraser GM. Epidemiology of ulcerative colitis in Israel:
a survey of Israeli kibbutz settlements. Am | Gastroenterol 2000;95:693-8.

4. Yang H, McElree C, Roth MP, Shanahan F, Targan DR, Rotter JI. Familial
empiric risks for inflammatory bowel disease: difference between Jews
and non-Jews. Gut 1993;34:517-24.

5. Reif S, Lavy A, Keter D, et al. Lack of association between smoking and
Crohn’s disease but the usual association with ulcerative colitis in
Jewish patients in Israel: a multicenter study. Am | Gastroenterol 2000;
95:474-8.

6. Carradonna L, Amati L, Magrone T, Pellegrino NM, Jirrilo E, Caccavo D.
Enteric bacteria, lipopolysaccharides and related cytokines in inflam-
matory bowel disease: biological and clinical significance. | Endotoxin
Res 2000;6(3):205-14.

7. Hommes DW, van Deventer SJ. Anti- and proinflammatory cytokines in
the pathogenesis of tissue damage in Crohn’s disease. Curr Opin Clin
Nutr Metab Care 2000;3:191-5.

8. Tysk C, Lindberg E, Jarnerot G, Floderus-Myrhed B. Ulcerative colitis and
Crohn's disease in an unselected population of monozygotic and
dizygotic twins: a study of heritability and the influence of smoking. Gut
1988;29:990-6.

9. Orholm M, Binder V, Sorensen TI, Rasmussen LP, Kyvik KO. Concordance
of inflammatory bowel disease among Danish twins. Results of a
nationwide study. Scand | Gastroenterol 2000;35:1075-81.

10. Cho JH, Brant SR. Genetics and genetic markers in inflammatory bowel
disease. Curr Opin Gastroenterol 1998;14:283-8.

11. Price WH. A high incidence of chronic inflammatory bowel disease in
patients with Turner's syndrome. | Med Genet 1979;16:263-6.

12. Lee FI, Bellary SV, Francis C. Increased occurrence of psoriasis in
patients with Crohn's disease and their relatives. Am | Gastroenterol
1991,85:962-3.

13. Kimura K, Hunter SF, Thollander MS, Loftus EV, Rodriguez M, Phillips SF.
Concurrence of inflammatory bowel disease and multiple sclerosis.
Mayo Clin Proc 2000;75:802-6.

14. Schinella RA, Greco MA, Cobert BL, Denmark LW, Cox RP. Hermansky-
Pudlak syndrome with granulomatous colitis. Ann Intern Med 1980;92:
20-3.

15. Roe TF, Thomas DW, Gilsanz V, Isaacs H Jr, Atkinson JB. Inflammatory
bowel disease in glycogen storage disease type Ib. | Pediatr
1986;109:55-9.

16. Compton RF, Sandborn W], Yang H. A new syndrome of Crohn’s disease

IMAJ e Vol 4 e October 2002

Genetics of Inflammatory Bowel Disease 801



Reviews

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

and pachydermoperiostosis in a family. Gastroenterology 1997;112:241-9.
Bayless TM, Tokayer AZ, Polito JM, Quaskey SA, Mellits ED, Harris
ML. Crohn’s disease: concordance for site and clinical type in affected
family members: potential hereditary influence. Gastroenterology 1996;
111:573-9.

Orholm M, Munkholm P, Langholz E, Nielsen OH, Sorensen TIA, Binder
V. Familial occurrence of inflammatory bowel disease. N Engl ] Med
1991,324:84-8.

Orholm M, Fonager K, Sorensen HT. Risk of ulcerative colitis and Crohn'’s
disease among offspring of patients with chronic inflammatory bowel
disease. Am | Gastroenterol 1999:94:3236-8.

Polito JM, Childs B, Mellits ED, Tokayer AZ, Harris ML, Bayless TM.
Crohn'’s disease: influence of age at diagnosis on site and clinical type of
disease. Gastroenterology 1996;111:580-6.

Zlotogora |, Zimmerman |, Rachmilewitz D. Prevalence of inflammatory
bowel disease in family members of Jewish Crohn’s disease patients in
Israel. Dig Dis Sci 1991;36:471-5.

Satsangi J, Parkes M, Jewel DP, Bell JI. Genetics of inflammatory bowel
disease. Clin Sci 1998:94:473-8.

Orholm M, Iselius L, Sorensen TIA, Munkholm P, Langholz E, Binder V.
Investigation of inheritance of chronic inflammatory bowel diseases by
complex segregation analysis. Br Med | 1993;3067:20-4.

Satsangi |, Welsh K, Bunce M, et al. Contribution of genes of the major
histocompatibility complex to susceptibility and disease phenotype in
inflammatory bowel disease. Lancet 1996;347:1212-17.

Carter MJ, di Giovine FS, Jones S, et al. Association of the interleukin 1
receptor antagonist gene with ulcerative colitis in Northern European
Caucasians. Gut 2001;48:461-7

Negoro K, Kinouchi Y, Hiwatashi N, et al. Crohn’s disease is associated
with novel polymorphisms in the 5-flanking region of the tumor
necrosis factor gene. Gastroenterology 1999;117:1062-8.

Neibergs HL, Hofmeister H, Rotter ]I, Pressman S, Yang H. Linkage
analysis supports NRAMP as a major susceptibility locus for ulcerative
colitis. Am | Hum Genet 1997,61:A53.

Aithal GP. Craggs A, Day CP. et al. Role of polymorphisms in the
interleukin-10 gene in determining disease susceptibility and phenotype
in inflammatory bowel disease. Dig Dis Sci 2001;46:1520-5.

Hugot JP, Puig PL, Gower-Rousseau C. Mapping of a susceptibility locus
for Crohn’s disease on chromosome 16. Nature 1996;379:821-3.
Satsangi |, Parkes M, Louis E, Lathrop M, Bell ], Jewel DP. Two stage

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

genome-wide search in inflammatory bowel disease provides evidence
for susceptibility loci on chromosome 3, 7 and 12. Nat Genet
1996;14:199-202.

Cho JH, Nicolae DL, Gold LH, et al. Identification of novel susceptibility
loci for inflammatory bowel disease on chromosomes 1p, 3q, 4q;
evidence for epistasis between 1p and IBD1. Proc Natl Acad Sci USA
1998;95:7502-17.

Hampe J, Schreiber S, Shaw SH, et al. A genome-wide analysis provides
evidence for novel linkages in inflammatory bowel disease in a large
European cohort. Am | Hum Genet 1999;64:808-16.

Ma Y, Ohmen |D, Li Z, et al. A genome wide search identifies potential
new susceptibility loci for Crohn’s disease. Inflamm Bowel Dis 1999;5:271—
8.

Duerr RH, Barmada MM, Zhang L, Roland P, Weeks DE. High-density
genomes scan in Crohn’s disease shows confirmed linkage to chromo-
some 14ql1-12. Am ] Hum Genet 2000;66:1857-62.

Rioux D, Silverberg MS, Daly MJ, et al. Genome-wide search in Canadian
families with inflammatory bowel disease reveals two novel suscept-
ibility loci. Am ] Hum Genet 2000;66:1863-70.

Ogura Y, Inohara N, Benito A, Chen F Yamaoka S, Nunez G. Nod2,
aNod1/Apaf-1 family member that is restricted to monocytes and
activates NF-kappa-B. | Biol Chem 2001;276:4812-18.

Ogura Y, Bonen DK, Inohara N, et al. A frameshift mutation in Nod?2
associated with susceptibility to Crohn’s disease. Nature 2001;411:603-6.
Hugot JP, Chamaillard M, Zouali H, et al. Association of NOD2 leucine-
rich repeat variants with susceptibility to Crohn's disease. Nature
2001;411:599-603.

Hampe ], Cuthbert A, Croucher PJ, et al. Association between insertion
mutation in NOD2 gene and Crohn’s disease in German and British
populations. Lancet 2001;357:1925-8.

Bennett RA, Rubin PH, Present DH. Frequency of inflammatory bowel
disease in offspring of couples both presenting with inflammatory bowel
disease. Gastroenterology 1991;100:638

Correspondence: Dr. A. Karban, Institute of Gastroenterology, Rambam
Medical Center, Haifa 31096, Israel.

Phone: (972-4) 854-2504 Cellular: (054) 256-776

Fax: (972-4) 854-3058

email: akarban@hotmail.com



