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Leading article

Crohn's disease: the genetic contribution

It is clear that the liability to develop Crohn's disease is
influenced by a wide range of genetic and environmental
factors. Few ofthese have been specifically identified and it is
not known whether any single factor is essential for the
development of Crohn's disease.

Role of autoimmunity
Crohn's disease patients and their relatives are more likely to
suffer from disorders with a known or suspected auto-
immune origin than members of the general population.
These disorders include, ankylosing spondylitis,' 2 Behcet's
disease,3 psoriasis,4 iritis, thrombocytopenic purpura and
systemic lupus erythematosus,' and multiple sclerosis.6
Aberrant HLA-DR expression in the intestinal mucosa of
Crohn's disease patients7 is consistent with an autoimmune
aetiology.
Serum from Crohn's disease probands and their healthy

first degree relatives may contain antibodies to gut epithelial
cells,8 and peripheral blood lymphocytes from Crohn's
disease patients may be cytotoxic to these cells.9 The sharing
of antigenic determinants by germ free rat colon and a
lipopolysaccharide extract ofEscherichia coli suggests that the
anticolon antibodies and associated cell mediated cyto-
toxicity may result from stimulation of the gut associated
lymphoid tissue by cross reacting enterobacterial antigens.5
This hypothesis is unlikely to provide a mechanism for
substantial inherited variation in liability, however, since,
unlike ankylosing spondylitis alone where HLA-B27 positive
subjects run a risk of disease approaching 100 times that of
HLA-B27 negative subjects and where cross reaction and
amino acid sequence homology between the host antigen and
Klebsiella pneumoniae have been shown,'0 the anticolon
antibodies of Crohn's disease are effective against allogeneic
colonic epithelial cells.8

Lymphocytotoxic antibodies have also been shown in
Crohn's disease probands and their healthy relatives but, as
these antibodies react with lymphocytes from normal sub-
jects with a wide range of HLA specificities," they are
similarly unlikely to account for inherited differences of
liability.

Chromosomal and monogenic disorders
Crohn's disease occurs at an unusually high frequency among
patients with Turner's syndrome,'2 known for its association
with autoimmunity. A disorder like Crohn's disease has also
been reported in the autosomal recessive Hermansky-Pudlak
syndrome,'3 a form of albinism with haemorrhagic diathesis
and pigmented reticuloendothelial cells, and glycogen
storage disease type Ib,'4 in which there is neutropenia and
abnormal neutrophil function. Comparable bowel involve-
ment has been described in patients with other inherited
neutrophil defects,'5.'6 while Crohn's disease activity has been
negatively correlated with neurophil superoxide production
among patients in whom the disease has no obvious mono-

genic basis.'7 Neutrophil function in Hermansky-Pudlak
syndrome seems normal. 18 It has been suggested that suscept-
ibility to autoimmune disease in general, including Crohn's
disease, is under the control of a single dominant gene, the

specific clinical effects of which are determined by other
genes, hormonal influences, and environment triggers. 19
Complex segregation analysis has indicated that about 30%

of all Crohn's disease patients could be homozygous for a
major recessive gene with incomplete penetrance, with no
residual causes of family resemblance and a relatively high
frequency of homozygosity among younger onset cases.20
Nevertheless, the differences in fit from what would be
expected of multifactorial inheritance are small2' and the
pattern of familial aggregation indicative of a recessive
influence (with affected sibling pairs predominating over
parent-offspring pairs) could have occurred for other
reasons, as discussed below.

Twins and resemblance between other relatives
The results of most family studies of Crohn's disease have
been expressed in terms of the proportion of probands with
either affected first degree relatives or a positive family
history over all relatives investigated. These data are of
limited value in making a genetic analysis. It has been argued
that a better measure of familial aggregation is the ratio of
prevalence among relatives to that in the general population,
but this ratio alone is also of limited value since, for a given
heritability, it varies inversely with population prevalence.
Rational genetic interpretation of familial aggregation
requires both the absolute value of the population prevalence
and the numbers of affected and unaffected relatives of
probands.

Several reports have quoted numbers of affected and
unaffected relatives of Crohn's disease patients, including
twins. The studies differ in respect of diagnostic criteria, the
age structure and method of ascertainment of the sample of
probands, and the number of years between diagnosis in
probands and ascertainment of affected relatives. Strict
comparability is not therefore possible but pooling of results
(Table) provides a summary of the overall position. Popula-
tion prevalences, where given, ranged from 13 to 74 per
100 000 but were generally in the region of 50 per 100 000.

Prevalence ofCrohn's disease (%) among co-twins and amongfirst, second,
and third degree relatives ofCrohn's disease probands, with heritability
estimatesforpopulation prevalences of25, 50, and 100 per 100 000. (a)Each
twin pair ascertained through only one affected individual; (b) all affected
twins ascertained independently

Heritability (%) (mean
(SEM))for population
prevalences of

Total Prevalence 25/105 50/105 100/110
(%)

Twin pairs (22-24) (a) MZ 26 50 00 88 (27) 96(27) 104(28)DZ 31 3-23 82)9(7 0(8
(b) MZ 26 66267 76 (30) 82 (31) 90 (34)

Parents (20, 22, 27-30, 33) 2 323 1-03 63 (4) 55 (4) 46 (5)
Sibs (20, 22, 27-30, 33) 3 281 1-86 75 (3) 68 (3) 60 (3)
Children (22, 27, 28, 30, 33) 1 060 0-38 43 (9) 35 (9) 25 (10)
First degree relatives (20, 22, 14 579 1-42 69 (2) 62 (2) 53 (2)

24-33)
Second degree relatives (30, 4 294 016 58 (13) 39 (13) 18 (14)

32, 33)
Third degree relatives (30, 33) 2 457 0.04* - - -

*One case only.
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The significantly higher prevalence in siblings than among
either parents (XI2=5 5, p=00 19) or children (XI2= 10-7, p=
0 001) could be interpreted as evidence for an environmental
or recessive genetic contribution to Crohn's disease. It seems
likely, however, that the low prevalence among children is
largely a consequence ofinability to ascertain pre-onset cases,
while among parents it could stem from the effect ofCrohn's
disease on marital relationships34 with reduced fertility,
either through complications of the disease in women or
reversible azoospermia during sulphasalazine treatment in
men.35 The results of a collaborative European study indicate
that affected women do indeed have fewer children than
normal control subjects.36
The classical multifactorial model37 is useful for consider-

ing these observations, even though its requirements may not
be fully met. The model assumes that many genes and
environmental influences contribute to an individual's
position on an underlying continuous scale of liability but
that disease is present only in those who fall above a critical
threshold value. The model allows estimation of heritability,
the proportion of the population variance in liability attribut-
able to additive genetic variation, from proband concordance
rates in twins" and from the prevalence of disease among
other relatives of probands.37

Heritability estimates for Crohn's disease are given along-
side the prevalence data in the Table. The estimates from
twins are very .high, but since the standard errors are large
they make a limited contribution to the overall picture.
Reduced fitness and inability to ascertain pre-onset cases
are likely to have resulted in serious underestimates of
heritability in parents and children. On the other hand, the
estimates from siblings may be inflated because of within
generation environmental effects or the influence of recessive
genes. The low estimates for second degree relatives, admit-
tedly with large standard errors, also suggest that common
environment or recessive genes, or both, may have contri-
buted to the relatively high prevalence among siblings. It
may be, however, that low prevalence among more distant
relatives results in part from lower levels of ascertainment.
Among third degree relatives, the single affected individual
gave a prevalence similar to that in the general population.
Taking into account all the data for the prevalence ofCrohn's
disease among relatives of probands, and assuming a popula-
tion prevalence ofaround 50 per 100 000, a heritability in the
region of 50-60% seems likely. In other words, perhaps a
little more than half of the variation in liability to develop
Crohn's disease is a consequence of inherited differences
between individuals.
Two other features of the family studies are noteworthy.

Firstly, Crohn's disease is rarely found among spouses of
Crohn's disease probands,39 suggesting that family environ-
ment after marriage does not contribute substantially to the
disease. Secondly, familial cases have sometimes shown a
lower age at onset than sporadic cases,20 24 which is consistent
with aetiological heterogeneity.

Association of Crohn's disease with genetic markers
There is little evidence of any association with HLA-A or -B
antigens in individual studies, although pooling of results
from a number of centres showed a significant positive
association with HLA-A2 (relative risk 1 -25) and a significant
negative association with HLA-All (relative risk 0 62).4
Various associations with HLA-DR specificities have been
reported but no consistent pattern has emerged, except
for the positive association with DR4 in three Japanese
studies.4""3 These findings support the contention that host
antigenic variation, through an autoimmune aetiology, is
unlikely to make a substantial contribution to differences in
liability to develop Crohn's disease. Nevertheless, different

HLA types have been associated with granuloma positive and
granuloma negative Crohn's disease" and with other differ-
ences in manifestation of the disorder in Japan4' and in Italy,45
while the F and FS phenotypes of complement component
C3 have been over-represented in Crohn's disease patients
whose small bowel is affected."1 Thus, there is some sugges-
tion of variation in the immune response within Crohn's
disease. Within families, evidence for an HLA haplotype
association is not convincing47 and therefore provides little
indication oflinkage ofan important Crohn's disease suscept-
ibility gene with the major histocompatibility complex at
6p21-3.

Studies of association with several blood group and serum
protein markers have also proved inconclusive,4849 while no
association has been found at the population level with DNA
restriction fragment length polymorphisms (RFLPs) at the T
cell antigen receptor alpha and beta loci.50 A high negative
correlation between the prevalence of lactose intolerance and
the incidence ofCrohn's disease among different populations
in several countries led to the hypothesis that lactose
malabsorption results in the formation of volatile fatty acids
that may inhibit multiplication of potentially pathogenic
intestinal orgamisms.5' In Jewish subpopulations from
different parts of the world, however, the incidence of
Crohn's disease varies while the prevalence of lactose intoler-
ance is remarkably constant.52 Further attempts to relate the
incidence of Crohn's disease to known genetic variation
between populations are unlikely to be productive since
differences ofincidence between ethnic groups are narrowing
with time and migration.53

Subclinical findings
Three sets of findings have highlighted possible areas where
subclinical investigation ofCrohn's disease patients and their
relatives may be fruitful. Two of these, serum anticolon
antibodies and abnormal neutrophil function, have already
been considered. The third is evidence to suggest that
intestinal permeability to polyethylene glycol is increased in
patients with Crohn's disease and their clinically normal
relatives.54 Increased intestinal permeability to other sub-
stances has also been reported in Crohn's disease patients but
not in their unaffected relatives.5556 raising the possibility
that at least part of the permeability defect is not an inherited
abnormality but secondary to the disease process.

Future possibilities
The most pressing need in investigating the genetic contribu-
tion to Crohn's disease is the collection of multiply affected
families for RFLP linkage studies, to identify individual loci
that contribute to liability. The chromosomal locations of
markers that have shown no association at the population
level should not be ignored since the lack of this association
does not rule out linkage. There are, however, at least two
complicating factors. First is the possibility of inheriting a
major gene for liability, but not developing the disease. A
prerequisite for linkage studies would thus be a thorough
search for subclinical manifestations of inherited liability.
Second is the extent of genetic heterogeneity within Crohn's
disease and of the genetic correlation between Crohn's
disease and ulcerative colitis. The loci controlling the
mucosal immune system are likely candidates for investi-
gation, in particular, those that may have the ability to
suppress the generation of an effective immune response to
the multiple antigens normally present in the intestinal
lumen.57 Animal models could also be useful. Transgenic rats
that express human HLA-B27 and Beta-2-microglobulin
have developed spontaneous inflammatory disease in the
gastrointestinal tract."8 Genetic dissection of the immune
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system in this way, or through the use of mutants with
different specific defects of immune function, could prove
valuable in studying the influence of individual genes in the
pathogenesis of Crohn's disease. Finally, detailed studies of
the chromosomal and monogenic disorders accompanied by
Crohn's disease like lesions should also provide insight into
the inherited basis for this disease.
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