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Linking genotype with phenotype in
inflammatory bowel disease – Will we ever
have reagent standard patients?
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Genetic factors predispose to a number of gastroin-
testinal diseases. The spectrum of genetic determina-
tion may vary from classical inherited diseases such
as haemochromatosis where the genetic mutation is
now fairly well defined to complex polygenic diseases,
such as inflammatory bowel disease and coeliac dis-
ease. In inflammatory bowel disease, genetic predispo-
sition confers disease susceptibility, but epigenetic fac-
tors (lifestyle or environmental triggers) are required to
manifest the disease phenotype. The relatively rapid
rise in incidence of inflammatory bowel disease espe-
cially Crohn’s disease in some populations, such as
children in Scotland [1], suggest that environmental
triggers are likely to be very important, as the geno-
type of a cohort is unlikely to change so rapidly. The
Scottish data confirms rapid temporal changes impli-
cating environmental factors in the aetiology of both
Crohn’s disease and ulcerative colitis, and the relation-
ship between the temporal changes of Crohn’s disease
and ulcerative colitis suggest certain shared risk factors.
Preliminary prospective data for paediatric patients in
the whole of UK show the same trend [2]. As the in-
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cidence of Crohn’s disease has now overtaken that of
ulcerative colitis, additional risk factors for the expres-
sion of Crohn’s disease are likely to exist as suggested
previously by other authors [3]. The genetic basis of
inflammatory bowel disease is however undisputed, as
evidenced by familial clustering and increased concor-
dance of the phenotype in monozygotic twins.

Systematic genome wide linkage analysis have de-
fined genomic susceptibility regions in both Crohn’s
disease and ulcerative colitis [4,5]. Identification of
specific risk mutations in genes within the relatively
large linkage intervals is however,a much more compli-
cated task. Specific genetic mutations of the genes en-
coding the cytokines involved in modulation of inflam-
mation, such as IL-1β, IL-1ra, TNF-α or IL-10 have
naturally attracted intense attention, but with conflict-
ing and varying results. Such relatively simple hypoth-
esis driven research identifies key protein molecules in-
volved in the disease pathogenesis, establishes genetic
polymorphism of the gene(s) coding for the proteins,
and then investigates association of a specific polymor-
phism with disease expression. However, there is con-
siderable redundancy in the inflammatory pathways,
and such hypothesis driven research limits investiga-
tion to known genes and pathways. Novel genes and
regulatory mechanisms cannot be elucidated by such
hypothesis driven research.

It is also relatively straightforward to identify genes
in a monogenetic disorder in which inheritance follows
Mendelian rules. Identification of the HFE gene in
haemochromatosis is an example, though defining the
exact function of the HFE gene still continues. Anal-
ysis of a few large families may lead to localisation
of the disease gene, e.g. FAP in familial adenomatous
polyposis. In complex polygenic disorders, with nu-
merous phenotypic subgroups, such as inflammatory
bowel disease, multiple disease genes are involved, and
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linkage analysis using a population based approach is
necessary.

In inflammatory bowel disease, a series of linkage
analysis have been performed. Hugot et al. [4] de-
scribed a region of chromosome 16 which has been con-
firmed by other workers [6–10]. This is currently la-
belled IBD1. Satsangi et al. [5] found a region on chro-
mosome 12 (IBD2) which was also reported by other
workers [11,12]. However, in a recent study which used
families from all over Europe, linkage on chromosome
12 could not be replicated in Crohn’s disease [13]. It
is likely that the putative gene in this region has only
a small influence on the risk of developing inflamma-
tory bowel disease. Schreiber and colleagues [14] have
contributed greatly to our knowledge in this area and
described IBD3 on chromosome 6, confirmed by Rioux
et al. [15]. It is more likely than not that more such
regions will be described. The discordance between
studies may be largely accounted for by the numbers
of the families studied, the magnitude of impact of the
genes in the region on overall disease susceptibility and
population specific differences.

Gender differences are of interest in immune medi-
ated diseases, though the influence of gender on the
incidence of either ulcerative colitis or Crohn’s dis-
ease is small [16,17]. As reported in this issue, the
distribution of cLMW-PTP genotypes in females with
Crohn’s disease was significantly different from that of
controls [18]. The distribution of cLMW-PTP geno-
types in males with ulcerative colitis was again sig-
nificantly different from that of controls [18]. This is
a novel observation, which requires further corrobora-
tion in inflammatory bowel disease patients from other
geographical areas. Gender differences in disease rates
may be helpful in giving clues as to aetiology. Hor-
monal, occupational or lifestyle factors may account
for such gender differences.

This study is a report of a chance observation, not
one based on an a priori hypothesis. Small gender dif-
ferences have been noted in epidemiological studies of
inflammatory bowel disease incidence and prevalence.
These gender differences are certainly not as striking
as in other classical autoimmune diseases. False pos-
itive results are not uncommon in case control type
studies on specific candidate genes. This is especially
true if the number of inflammatory bowel disease pa-
tients is relatively small and the confidence intervals
for the relative risks are relatively large, as in this study.
Notwithstanding these reservations, when combined
epidemiologic data in inflammatory bowel disease is
scrutinised, women are slightly more likely to develop

Crohn’s disease and in general they are at 20–30%
greater risk than men. Conversely, men are slightly
more likely to develop ulcerative colitis [19]. This mir-
rors the cLMW-PTP genotypes reported as described
above. The various members of the Protein Tyrosine
Phosphatase (PTP) family are ubiquitously distributed
and play a key role in cell signalling. It is not difficult
to envisage members of the PTP family as being key
regulators of inflammation in the intestine.

Relating genetic factors to broad phenotypes such
as gender is useful but not as complex as relating to
more relevant inflammatory bowel disease phenotypic
subgroups based either on anatomical involvement or
on associated extra-intestinal manifestations. We do
not know whether the pathogenesis of ulcerative colitis
and Crohn’s disease is distinct, despite shared genetic
predisposition. Some of the phenotypic features of in-
flammatory bowel disease lend themselves readily to
‘reagent standard’ grouping such as primary sclerosing
cholangitis or inflammatory bowel disease associated
arthropathies. However, others, such as the pharmaco-
genetics of response to corticosteroid therapy may be
more complex – steroid resistance may be a phenotypic
feature quite independent of inflammatory bowel dis-
ease. Recently, the Multidrug Resistance Gene (MDR)
has been linked with failure of medical therapy in in-
flammatory bowel disease patients, with high expres-
sion of p-glycoprotein 170 both in gut mucosa and pe-
ripheral blood lymphocytes related to such therapeutic
failure [20]. Anatomical extent of disease and compli-
cations often evolve with time in both ulcerative colitis
and Crohn’s disease.

Candidate gene studies are closer to phenotype as
the choice of the gene is often based on phenotypic
features and pathophysiologic hypothesis. Polymor-
phisms in the population of the candidate genes lead
to case-control type studies, but such studies are ex-
tremely susceptible to false positive findings because
of population stratification. Cytokine, HLA and mucin
genes provided a rich repertoire of candidate genes.
IL-1β polymorphisms [21] have been related to the
severity of inflammatory bowel disease phenotype and
polymorphisms controlling high IL-10 synthesis have
been associated with inflammatory bowel disease [22].
Some of these findings contradicted earlier work,show-
ing stringent study design is a very important factor in
influencing conclusions. A case in point is the vari-
able number of tandem repeats (VNTR) in the IL-1ra
gene with conflicting results in different populations
of ulcerative colitis patients [23–25]. In Crohn’s dis-
ease, the results again have been very inconsistent re-
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garding tumour necrosis factor (TNF) promoter poly-
morphisms and the flanking microsatellites [26–28]. A
meta-analysis of HLA class I and II genes suggested
the presence of a susceptibility gene on chromosome
6p [29,30]. Chromosome 6 is clearly well recognised as
a very important chromosome for immune regulation.
A wide range of other candidate genes have been inves-
tigated including mucin genes MUC2 and MUC3, heat
shock protein HSP70-2, the IL-4 receptor NRAMP1,
the interferon-γ and interferon-γ receptor genes and
kinin B1 receptor.

Most clinicians would try to subgroup inflammatory
bowel disease into two distinct types, i.e. ulcerative
colitis and Crohn’s disease. The therapeutic utility
of this distinction is not huge as most of the thera-
peutic strategies for ulcerative colitis and Crohn’s dis-
ease are broadly similar. However, the pharmacoge-
netic implication of phenotypic subgroups can be much
more profound, eg. approximately 65% of severely
ill Crohn’s disease patients showed a dramatic re-
sponse to infliximab (chimeric monoclonal antibody to
TNF-α), whereas 35% with similar clinical characteris-
tics and disease activity did not respond. This raises the
hypothesis that there might be (at least) two forms of
Crohn’s disease, with different inflammatory processes
at a molecular level. Apart from anatomical extent and
extraintestinal features defining subgroups, serological
subgroups based on anti-Saccharomyces cerevisiae an-
tibody (ASCA) and anti-neutrophil cytoplasmic anti-
body with perinuclear staining pattern (pANCA) have
been proposed. ASCA has been demonstrated in 50–
60% of patients with Crohn’s disease, but in only 10–
15% of patients with ulcerative colitis. pANCA is
found in 70% of patients diagnosed to have ulcerative
colitis and only in 10–15% of Crohn’s disease patients.
These tests are considered potentially useful markers
for distinguishing ulcerative colitis from Crohn’s dis-
ease, especially in paediatric practice [31,32], but the
specificity is too low for routine clinical use. Smoking
and appendicectomy not only provide clues to patho-
genesis, but might also serve to separate phenotypically
distinct groups.

Certain subgroups of inflammatory bowel disease
however do have striking gender differences in preva-
lence. Primary sclerosing cholangitis associated with
ulcerative colitis (and, less often, Crohn’s disease) typ-
ically occurs in males [33]. Determination of cLMW-
PTP may be interesting in this ‘gender enriched’ sub-
group. In contrast, the striking male preponderance
of idiopathic ankylosing spondylitis is abolished in in-
flammatory bowel disease where the sex ratio is close
to unity.

It is not known however, whether the phenotypic
features are integral to inflammatory bowel disease or
simply represent genotypic features unrelated to in-
flammatory bowel disease interacting with inflamma-
tory bowel disease expression. It is known that after
the first course of steroids in Crohn’s disease for one
month, 48% of patients obtained complete clinical re-
sponse, 32% partial response and 20% were resistant
and therefore had no response [34]. After steroids were
tapered off, 44% of the total group maintained their
response [34]. It is not known whether steroid unre-
sponsiveness in a patient is a phenotypic subgroup of
inflammatory bowel disease, or whether similar steroid
unresponsiveness would be manifest in the patient for
other diseases such as asthma or eczema. More than
one gene almost certainly mediates steroid resistance.

The principal difficulty is in deciding whether dis-
tinct phenotypic features represent stable, homoge-
neous subgroups. Patients initially responsive to
steroids may later behave as resistant. Stricturing
Crohn’s disease may also have associated inflamma-
tion and/or fistulae. Left sided ulcerative colitis may
extend more proximally in a substantial proportion of
patients. Extraintestinal manifestations occasionally
might present later in the course of the disease.

We may never be able to have ‘phenotypically pure’
patients in a complex evolving disease such as inflam-
matory bowel disease, and therefore stable phenotypic
features need to be identified which may form the basis
of subgroups. Such features may be based on extrain-
testinal manifestations such as sclerosing cholangitis,
arthropathy etc or newer serological markers such as
ASCA or pANCA. Response to the newer biological
therapies will give rise to other attractive subgroups
for genetic associations. Such essentially case-control
type studies are likely to throw up false positive asso-
ciations due to population heterogeneity, and lack of
power. High throughput ‘hypothesis free’ technologies
have the greatest likelihood of success in complex dis-
orders like IBD, and may eventually define genotyp-
ically different subgroups showing clear disease het-
erogeneity, such as the situation with ‘essential’ hy-
pertension. Genomic expression analysis technology
gives us a powerful technology for assessment of gene
expression of potentially all human genes in a parallel
and robotised automated fashion. Hybridisation based
expression analysis techniques are commonly used, but
an alternative representational cloning approach such
as serial analysis of gene expression (SAGE) is also
likely to be applied to inflammatory bowel disease ge-
nomics in future. Any attempt to phenotypically define
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complicated subgroups in a complex evolving disease
such as inflammatory bowel disease and construct large
databases may be potentially wasteful effort currently,
apart from a few exceptions mentioned above. Mean-
while, reports of genetic associations in inflammatory
bowel disease, such as the cLMW-PTP reported in this
issue may continue to provide clues about genes with
a modest influence on disease expression and highlight
phenotypic differences (such as gender) largely ignored
in the past in inflammatory bowel disease.
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