
ulcerative colitis (UC), the available epidemiological and 
genetic data suggest that there are common susceptibility 
factors for both diseases and it is likely that gene-gene and 
gene-environmental interactions determine the specific 
phenotype[6].  

Significant progress has been made in identifying 
genetic factors responsible for IBD with numerous 
replicated susceptibility loci identified. However, among 
the confirmed susceptibility loci identified through linkage 
for IBD (IBD1-IBD6)[7-12] only the susceptibility gene 
within the IBD1 locus has been identified[13,14]. The caspase 
recruitment domain-containing protein 15 (CARD15) gene 
was described simultaneously by a positional and candidate 
gene approach and data from numerous populations have 
confirmed an association between three variants within 
the CARD15 (NOD2) gene and CD[13-15]. Sub-phenotypic 
analysis shows that mutations in the CARD15 (NOD2) 
gene are particularly associated with the development of  
small bowel CD[15]. Despite widespread replication of  the 
CARD15 (NOD2) findings, there is still important ethnic 
and geographic heterogeneity. For example, despite general 
genetic similarity between Ashkenazi Jews (AJ) and Non-
Jewish (NJ) Caucasians, the allele frequencies and odds 
ratios of  the CARD15 (NOD2) variants for AJ are slightly 
different when compared to those found in NJ populations 
and in Asian individuals affected by CD, CARD15 (NOD2) 
variants are extremely rare and not associated with CD[15-18].

IdentIfIcatIon of the IBd5 Locus
The IBD5 locus on chromosome 5q31 is the only other 
locus clearly demonstrated to confer increased risk for 
CD through association. Following an initial finding of  
significant linkage in a Canadian population[12], subsequent 
studies identified a 250 kb risk haplotype within the IBD5 
locus that is significantly associated with CD[19]. As part of  
this effort, the region was sequenced in eight individuals 
and was intensively evaluated with dense genotyping in 
more than 250 trios which led to the discovery of  long 
segments of  complete linkage disequilibrium (LD), 
described as “haplotype blocks”, which were separated by 
apparent “hotspots” of  recombination[20]. This original 
study described 11 haplotype tagging (single nucleotide 
polymorphisms) SNPs in this region which were equally 
associated with CD. The 250 kb region has since been the 
subject of  intensive study as a number of  highly relevant 
potential candidate genes are located within and nearby 
to it. These include interferon regulatory factor 1 (IRF1), 
solute carrier family 22, member 4 (SLC22A4) also known 
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Abstract
Crohn’s disease and ulcerative colitis are inflammatory 
disorders of the gastrointestinal tract with a substantial 
heritable component. The IBD5 region on chromosome 
5q31 is one of only two loci widely confirmed to be 
associated with Crohn’s disease in multiple independent 
cohorts. Although many populations have demonstrated 
association with IBD5, there remains uncertainty as to 
the causal variant within the region. A recent report 
identified polymorphisms in SLC22A4  (OCTN1 ) and 
SLC22A5  (OCTN2 ) as being responsible for the IBD5 
association, however, these findings have not been 
replicated. This review discusses the data evaluating the 
IBD5 locus and the OCTN genes and their relationship 
to inflammatory bowel disease. Several other genes, 
including IRF1  and P4HA2 may be equally as likely to 
contain the IBD5 causal variant as the OCTN genes.
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IntRoductIon
The pathogenesis of  inflammatory bowel disease (IBD) 
is believed to involve exposure to an as yet unidentified 
environmental tr igger in a genetical ly susceptible 
individual[1]. The importance of  genetic factors in the 
pathophysiology of  IBD has been repeatedly established 
by the substantially increased relative risk to siblings 
of  affected individuals and higher monozygotic versus 
dizygotic twin concordance rates[2-6]. While the heritability 
of  Crohn’s disease (CD) seems higher than that for 
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as organic cation transporter 1 (OCTN1); solute carrier 
family 22, member 5 (SLC22A5), also known as organic 
cation transporter 2 (OCTN2); and prolyl 4-hyroxylase 
(P4HA2) among others and there are also a number of  
important cytokine genes (IL-4, IL-13, IL-5, IL-3) located 
adjacent to the immediate 250 kb risk haplotype. Since 
the initial identification of  this risk haplotype, numerous 
studies have replicated the association with CD and a few 
have demonstrated an association between IBD5 and 
UC as well[21-25], establishing this as one of  a still limited 
number of  bona fide associations in human complex disease 
genetics and the second in IBD specifically.

the IBd5 susceptIBILIty Genes?
In 2004 Peltekova and col leagues postulated that 
functional polymorphisms, L503F (rs1050152) and 
G-207C (rs2631367) in the SLC22A4 (OCTN1) and 
SLC22A5 (OCTN2) genes, respectively, comprised a two 
locus risk haplotype that accounted for the association 
findings at IBD5[26]. The “TC haplotype” described was 
found in 54% of  CD patients versus 42% of  affected 
controls (P = 0.0003). Moreover, the odds ration for 
those homozygous for the TC haplotype was 3.43-5.14 
for CD with an even higher odds ratio for those carrying 
the TC haplotype and a CARD15 risk allele (7.28-10.5). 
No association was found with ulcerative colitis. In this 
study, the TC haplotype was independently associated with 
CD as compared to the background risk haplotype where 
the marker IGR2078 was utilized as a tagging SNP to 
represent the IBD5 risk haplotype.

That functional polymorphisms in significant linkage 
disequil ibrium with each other in adjacent, highly 
homologous genes may act as a functional cassette to 
increase disease risk would represent a novel, important 
paradigm in complex disorders. In particular, SLC22A5 
(OCTN2) transports carnitine, which plays a key role 
in mitochondrial transport of  long chain fatty acids; 
furthermore, SLC22A5 (OCTN2)-deficient mice develop 
intestinal lymphocytic infiltration. However, establishing 
a functional role for SNPs located within conserved 
elements which subtly alter gene expression can be difficult 
compared to establishing altered activity for amino acid 
polymorphisms.  

RepLIcatIon studIes and Genotype 
phenotype studIes of the IBd5 Locus
As described above, there have been numerous studies 
to confirm the association of  CD with the IBD5 risk 
haplotype[21-25]. These studies initially tested varying 
markers selected as tagging markers for the risk haplotype 
on chromosome 5 due to the high degree of  linkage 
disequilibrium in the region. Statistical support for a 
relatively unique contribution of  the two-locus OCTN 
haplotype was initially described, but not examined in large 
enough cohorts to confidently refine localization in the 
IBD5 region[27]. Further studies performed subsequent to 
the identification of  the OCTN variants have primarily 
tested these markers alone although more recent reports 
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have also tested additional SNPs within the IBD5 risk 
haplotype.  

A well designed study including 374 patients with CD 
from Noble and colleagues in Edinburgh demonstrated 
that while the OCTN1 and OCTN2 variants are associated 
with CD, this association is not independent of  the 
background risk haplotype in the region[28]. This study 
assessed not only the OCTN variants but also a number of  
surrounding SNPs from the list of  SNPs comprising the 
IBD5 risk haplotype (IGR2096, IGR 2198 and IGR2230).  
Util izing these SNPs they could not demonstrate 
independent association of  the OCTN variants and 
suggest that the IGR2078 SNP used by Peltekova and 
colleagues is one haplotype block removed from the 
OCTN variants and therefore was not truly indicative 
of  an independent association (Figure 1). A number of  
additional such reports have been presented in abstract 
form with similar findings (DDW 2005).

Despite the controversy that still exists over the true 
causal gene within the IBD5 locus, studies performed 
both before and after the identification of  the OCTN 
variants have attempted to further dissect the specific 
phenotype associated with this region. Just as is the case 
for the causal genetic variant there is also inconsistent 
data regarding the phenotype associated. Early on, it was 
reported that the IBD5 locus was associated with perianal 
CD in a UK study[21]. This report analyzed several of  
the SNPs on the IBD5 risk haplotype in a case-control 
fashion. More recently, association of  the IBD5 region has 
been found to be associated with markers of  more severe 
disease such as progression to stricturing or penetrating 
CD and need for surgery in an Edinburgh population[28]. 
No association was found for any specific disease 
location or with UC in this report. A study from the same 
investigators in a pediatric population also confirms the 
association of  the OCTN variants with CD and UC but 
the variants were not independently associated from the 
surrounding SNPs of  the IBD5 risk haplotype[29]. This 
study also demonstrated that the OCTN TC haplotype 
may be a marker for more severe CD with an association 
with lower height, weight and body mass index (BMI) at 
the time of  diagnosis. A report evaluating IBD patients 
from Italy also demonstrated IBD5 to be related to more 
severe CD behaviour although by multiple regression it 
was felt that this effect was essentially conferred by the 
presence of  CARD15 risk alleles rather than by IBD5 loci 
independently[30].

A study of  more than 981 IBD patients from Leuven 
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could not demonstrate an association of  the OCTN1 and 
OCTN2 variants with IBD, CD or UC globally but did 
show an association with perianal and penetrating CD[31]. 
These association findings have yet to be replicated and 
their significance has yet to be determined. One may 
speculate that the IBD5 locus represents a “phenotype-
determining” genetic effect, however, the lack of  an overall 
positive association with CD in the Belgian population 
makes this interpretation somewhat precarious. There have 
been inconsistent reports describing a role of  IBD5 and 
UC with only a few describing positive findings[22,23,32]. A 
study of  187 German families with UC was the first to 
describe an association of  IBD5 with UC by family-based 
association testing and, in particular, the association was 
strongest in those individuals carrying one of  the CARD15 
risk alleles[22]. This potential epistatic interaction was also 
reported in a cohort from the UK[23]. Although these 
results require further investigation in larger sample sizes, it 
is not altogether unexpected that there may be some effect 
of  IBD5 on the development of  UC. There is an increased 
risk of  UC developing in the relatives of  those with CD 
and the reverse is also true suggesting there are genes 
which confer overlapping susceptibility[6]. In addition, the 
clinical heterogeneity among the two disorders could result 
in misspecification of  disease type in those with colonic 
involvement. Moreover, it has been previously noted 
that there are subsets of  CD which have a more “UC-
like” appearance raising further suspicion for overlapping 
genetic susceptibility factors[33]. One might also speculate 
on the possibility of  a unique “IBD5 positive”, genetically 
and clinically unique subset of  IBD patients, that would 
require further testing to be better characterized. As is the 
case with CARD15, the IBD5 region does show some 
variation with respect to the population studied.  Studies 
from Asian populations show no evidence for IBD5 as a 
contributing factor to IBD susceptibility[34,35]. In addition, 
a study with a significant Jewish population report no 
evidence for a contribution of  IBD5 to susceptibility in 
this high risk group[36].

In conclusions, while common alleles of  modest effect 
play a very important role in the architecture of  complex 
diseases and can be readily detected in some cases with 
modest sample sizes, it is now widely recognized that ex-
tremely large sample sizes are required in order to conclu-
sively confirm these factors, resolve their location through 
fine-mapping and identify specific subphenotypes that are 
either preferentially associated or not-associated with dis-
ease. While the two allele risk haplotype of  the SLC22A4 
(OCTN1) and SLC22A5 (OCTN2) genes may thus far 
be the best candidates for the IBD5 association findings, 
there is as yet insufficient evidence to make concrete con-
clusions regarding their significance. Current data suggests 
that other, nearby SNPs, can be considered statistically 
equivalent in terms of  their association to CD and the ex-
tensive linkage disequilibrium in this region suggests that 
caution must be exerted in asserting which of  the SNPs in 
this region is potentially causal. Further functional evalu-
ation of  these variants is certainly warranted. In addition, 
the inconsistent findings in UC illustrate the importance 
of  better powered UC genetics studies to further delineate 

the role of  IBD5 and UC susceptibility and phenotype. 
In complex disorders, the IBD5 association represents 
one of  the best replicated genomic regions, and therefore 
warrants comprehensive studies in large, well-phenotyped 
cohorts to define those population subsets and functional 
polymorphisms which most likely contribute to disease 
risk. To further advance the understanding of  the IBD5 
locus and its role in IBD susceptibility will require even 
larger population studies than those already performed, 
that will have adequate power to dissect the high degree of  
linkage disequilibrium found in this region in conjunction 
with functional studies that will demonstrate mechanisms. 
Due to the modest but important genetic relative risk of  
this locus, large consortia with prospectively collected, 
well-phenotyped cohorts will be required in order to refine 
the information regarding this region. 
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