
1 JMed Genet 1998;35:218-221

Evidence of linkage of the inflammatory bowel
disease susceptibility locus on chromosome 16
(IBD1) to ulcerative colitis
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Abstract
Crohn's disease (CD) and ulcerative coli-
tis (UC) are inflammatory bowel diseases
(IBD) of unknown aetiology which are
characterised by chronic inflammation of
the gastrointestinal tract. Epidemiological
studies suggest the presence of a genetic
component in the aetiology of both CD
and UC. A susceptibility gene for Crohn's
disease has recently been mapped to the
pericentromeric region ofchromosome 16
(IBD1), and this finding has been repli-
cated in two subsequent studies. Although
CD and UC are distinct clinical entities,
the fact that both disorders occur in a sig-
nificant proportion offamilies with multi-
ple cases ofIBD suggests that overlapping
sets of susceptibility genes may be in-
volved. We have addressed this question
for IBD1 by typing eight microsatellite
markers from the locus in 70 kindreds
affected with either UC only or with both
UC and CD and analysing the data for
linkage by both non-parametric and para-
metric methods. Evidence for linkage was
detected in families affected with only UC,
with a mean proportion of0.70 affected sib
pairs sharing alleles identical by descent
at D16S3136 (p=0.01), and a peak non-
parametric linkage score of 2.02 at
D16S3120 with the GENEHUNTER pro-
gram (p=0.02). The estimated sib relative
risk attributable to IBDI in these families
was 1.46. Surprisingly, no evidence of
linkage was detected in the families af-
fected with both UC and CD (p>0.2). The
data suggest that IBD1 may also contrib-
ute to susceptibility to ulcerative colitis,
and that it is likely to be located in the
12 cM interval between D16S419 and
D16S409.
(JMed Genet 1998;35:218-221)
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Inflammatory bowel disease (IBD) is a chronic
inflammation of the gastrointestinal tract
which occurs as one of two disorders, Crohn's
disease (CD) or ulcerative colitis (UC). In CD
the inflammation may occur in any part of the
gastrointestinal tract, whereas in UC it is con-
fined to the colon and rectum. Several
epidemiological studies have suggested that
genetic susceptibility may make a significant

contribution to the aetiology ofIBD. Orholm et
al' found that first degree relatives of both CD
and UC patients had an increased risk of
approximately ten-fold of developing the same
disorder, whereas Meucci et a!' found lower
risks for relatives of CD and UC patients
(XR=6.6 and 3.4, respectively). In the latter
study, the risk to sibs was higher in CD (X,= 15)
than in UC (XS=6.0). In a British study, the Xs
for CD was 24.7.3 Twin studies also indicate a
genetic component, with concordance for CD
in monozygotic twins from the Swedish Twin
Registry being 58.3%, but only 6.3% for UC.4
In a British study the MZ concordance rates
were 20% and 16% for CD and UC,
respectively.5 The general conclusion from
these studies is that genetic susceptibility con-
tributes to the aetiology of both CD and UC,
but that the effect is likely to be stronger in CD.
The epidemiological evidence for a genetic

component in IBD has led to a variety of
approaches aimed at the identification of
susceptibility genes. The results of association
studies of candidate genes such as the major
histocompatibility complex in different popula-
tions have been conflicting, but recently the
rare HLA alleles DRB 1* 103 and DRB 1* 12
were found to be associated with UC in the
British population, with no association being
found in CD.6 We found no evidence for excess
sharing of HIA haplotypes in 43 British IBD
families with multiple affected cases, including
31 sib pairs with UC.7 Recent work has focused
on genome scans of IBD families with affected
sib pairs or multiple cases in order to identify
susceptibility loci which could serve as starting
points for cloning the relevant genes. Hugot et
ar mapped a locus for CD to chromosome 16,
which they called IBD1, and Satsangi et at
found evidence for IBD loci on chromosomes
3, 7, and 12. The chromosome 16 finding has
been replicated in two subsequent studies."'"
An important issue regarding the genetics

and pathogenesis of IBD is whether any or all
susceptibility genes are shared by both CD and
UC. There is evidence that UC is more
common in the relatives of CD patients and
vice versa, and approximately one third of
extended pedigrees which we ascertained con-
tained cases of both CD and UC." The exist-
ence of the CD susceptibility locus on chromo-
some 16 (IBD1) allowed us to test the
hypothesis of shared susceptibility genes in
IBD for this locus. We have therefore typed
markers from the IBD1 locus in kindreds with
multiple cases of either UC only, or with both

218
 on M

ay 23, 2023 by guest. P
rotected by copyright.

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.35.3.218 on 1 M

arch 1998. D
ow

nloaded from
 

http://jmg.bmj.com/


Linkage of inflammatory bowel disease susceptibility locus to ulcerative colitis

UC and CD, and analysed the data by both
parametric and non-parametric linkage meth-
ods. We also investigated the unconfirmed
additional CD susceptibility locus on chromo-
some 1p8 in this family panel.

Methods
The ascertainment of IBD families, diagnostic
criteria, and many of the pedigrees have been
described previously in detail.7 12 Briefly, a
diagnosis ofCD was made if granulomata were
present with one or more accepted anatomical
criteria," and UC was diagnosed if there were
classical symptoms of rectal bleeding with evi-
dence of large intestinal inflammation in conti-
nuity with the rectum. The current study
included 351 subjects from 70 extended IBD
kindreds; 65 were white families of north-
western European origin (60 British and five
French) and five families resident in the United
Kingdom were of Asian origin. There were 32
kindreds with UC only (nine with two cases, 21
with three cases, and two with four cases) and
38 kindreds of"mixed" IBD phenotype, that is,
with cases of UC and CD (12 with two cases,
19 with three cases, six with four cases, and one
with five cases).
DNA was isolated and microsatellite mark-

ers typed in all 351 subjects as described
previously.7 Briefly, forward PCR primers were
labelled with fluorescent dye primers, and loci
amplified in simplex or multiplex 5 pl reactions
in 96 well microtitre plates; separation and
analysis of microsatellite alleles was carried out
on an ABI 373 DNA analyser with Genescan
672 and Genotyper software (Applied Biosys-
tems Inc). The markers typed were as follows:
for chromosome 16, D16S3022, D16S409,
D16S3136, D16S3120, D16S415, D16S419,
D16S408, and D16S514; for chromosome 1,
D1S435, D1S236, DIS206, DlS495,
DlS239, D1S248, DlS221, and DIS502.'4
The allele frequencies of all markers were esti-
mated from the founders in the 70 IBD
families.

Statistical analysis of the genotype data was
carried out using the GENEHUNTER
program,'5 which is able to perform both a
multipoint non-parametric analysis of linkage
data in complex disorders (which does not
require specification of genetic models) and a
parametric analysis, over a fixed marker map.
The non-parametric analysis is performed by
comparing the estimated number of shared
haplotypes between pairs of affected subjects
with that which would be predicted by Mende-
lian segregation, which is generally more pow-
erful than using only sib or relative pairs. The
non-parametric linkage scores (NPL) pre-
sented here have been calculated using the
"All" option, which gives increased weight to
haplotype sharing in families with larger num-
bers of affected subjects. The normalised NPL
scores and associated p values are indicated. In
view of the extended nature of the IBD
pedigrees in our sample, and the fact that seg-
regation analysis supports single gene
models,"6 17 the data were also analysed using
four parametric models, allowing for genetic
heterogeneity. This also permits estimation of

Table 1 Multipoint non-parametric linkage scores by
marker position

Marker NPL score p value

(A) UC only families
D16S3022 1.13 0.12
D16S409 1.33 0.09
D16S3136 1.93 0.02
D16S3120 2.02 0.02
D16S419 1.75 0.04
D16S415 1.63 0.05
D16S408 1.51 0.06
D16S514 1.15 0.12

(B) Mixed families
D16S3022 -0.08 0.52
D16S409 -0.34 0.63
D16S3136 -0.11 0.54
D16S3120 -0.23 0.58
D16S419 0.08 0.45
D16S415 0.15 0.43
D16S408 0.27 0.38
D16S514 0.59 0.26

(C) All families
D16S3022 0.69 0.24
D16S409 0.62 0.26
D16S3136 1.20 0.11
D16S3120 1.17 0.11
D16S419 1.23 0.10
D16S415 1.20 0.11
D16S408 1.21 0.11
D16S514 1.21 0.11

the proportion of families which might be
attributable to this locus. The basis of the
models used has been described previously.7
The models were: (1) common dominant, gene
frequency (gf) 0.025, penetrance in carriers
(pc) 0.2, penetrance in non-carriers (pnc)
0.0001; (2) common recessive, gf 0.2, pc
0.025, pnc 0.000 1; (3) rare dominant, gf 0.006,
pc 1.0, pnc 0.001; (4) rare recessive, gf 0.0004,
pc 0.18, pnc 0.001. The chromosome 16 link-
age was also investigated by calculation of the
mean proportion of alleles shared identical by
descent in affected sibs exactly as described in
the original publication of this linkage,8 so that
the results of this and the previous studies
could be compared directly. Finally, in the 30
UC families with at least one pair of affected
sibs, the maximum likelihood estimates for
pairs sharing 0, 1, and 2 alleles were used to
estimate the sib relative risk attributable to
IBD1,'8 '9 assuming its coincidence with the
marker D1 6S3 120 (see multipoint analysis in
table 1).

Results
We investigated the involvement of IBD1 in
susceptibility to the broader IBD phenotype by
typing eight highly informative microsatellite
markers from this locus in 70 IBD kindreds,
including 32 affected only with UC and 38 of
"mixed" phenotype with both UC and CD. The
markers chosen were four which had previously
shown the most significant linkage to CD,8 and
four new markers'4 which were located close to
or between the original markers. The linkage
map of these markers, which covers a region of
28 cM, is shown in fig 1.
The NPL scores from the GENEHUNTER

analysis and associated p values that were

obtained for the eight markers in the "pure"
UC families, in the "mixed" families, and in the
complete set of families (pure UC and mixed)
are shown in table 1. Evidence of linkage at
several of the loci tested was obtained in the
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Figure 1 Linkage map of
chromosome 16 markers.9
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Table 2 Multipoint parametric lod scores at marker
position D16S3120

Model* HLod Alpha

(A) UC only families
Common dominant 1.20 0.43
Rare dominant 0.88 0.27
Common recessive 0.20 0.23
Rare recessive 0.09 0.70

(B) "Mixed" families
Common dominant 0.00 0.04
Rare dominant 0.01 0.02
Common recessive 0.00 0.00
Rare recessive 0.00 0.00

(C) All families
Common dominant 0.63 0.19
Rare dominant 0.47 0.12
Common recessive 0.11 0.11
Rare recessive 0.01 0.08

*See Materials and methods for details.
Alpha=proportion of linked families.

UC families, with a maximum multipoint NPL
score of 2.02 (p=0.02) at DI 6S3120. However,
the scores in the mixed families did not provide
any evidence of linkage (p>0.2 for all markers).
The multipoint NPL scores for the combined
set of 70 kindreds were positive for all markers
tested (NPL max= 1.23, p=0.10 at D 16S419),
but were not statistically significant. Inclusion
of only the 60 British families had no effect on
the analysis (NPL max=1.16, p=0.12). The
parametric analysis (table 2) produced the
highest lod scores at D16S3120 under a domi-
nant model with heterogeneity. The lod score
was 1.20 (p=0.0094) in the UC only families
(a=0.43) and 0.63 (p=0.0443) in all families
(a=0. 19).

In order to facilitate a comparison between
the data in the UC and mixed families from this
study with the data from the CD families,8 the
mean proportion of alleles shared identical by
descent for the eight markers is shown in table
3, together with the t statistics and associated p
values. In the UC only families, the highest
sharing was observed at D16S3136 (p=0.01).
The variation in p values for adjacent markers
results from the fact that only informative mat-
ings can be used for each marker. The
maximum likelihood estimates for sib pairs
sharing 0, 1, and 2 alleles were 0.17, 0.50, and
0.32, respectively. This translates to an esti-
mated sib relative risk attributable to IBD1 in
the UC families of 1.46. As in the GENE-
HUNTER analysis, no evidence for linkage to

Table 3 Allele sharing in affected sib pairs

Mean proportion of alleles
Marker shared ibd t test p value

UC only families
D16S3022 0.69 2.09 0.02
D16S409 0.51 0.06 0.47
D16S3136 0.70 2.29 0.01
D16S3120 0.61 1.22 0.11
D16S419 0.66 1.86 0.03
D16S415 0.53 0.36 0.36
D16S408 0.49 -0.06 0.52
D16S514 0.47 -0.37 0.65

Mixed families
D16S3022 0.51 0.14 0.44
D16S409 0.50 0.00 0.50
D16S3136 0.47 -0.33 0.63
D16S3120 0.42 -0.76 0.78
D16S419 0.43 -0.99 0.84
D16S415 0.46 -0.71 0.76
D16S408 0.40 -1.24 0.89
D16S514 0.45 -0.76 0.78

*ibd denotes alleles shared identical by descent.

any of the chromosome 16 markers was
detected in the mixed families.
The additional putative CD susceptibility

locus on chromosome lp was investigated by
typing eight microsatellite markers from a 23
cM region (see Methods) in all 65 British kin-
dreds and analysing the data with GENE-
HUNTER. The only positive NPL score was
for the UC families at DlS206 (NPL=0.37,
p=0.353); for the mixed families and for all
families the NPL score was negative at all posi-
tions. Thus, no significant evidence for linkage
was obtained with any of the markers tested in
any group of families. There was also no
evidence of linkage in the parametric analysis,
allowing for heterogeneity.

Discussion
This study was designed to test the hypothesis
that the susceptibility locus for Crohn's dis-
ease, which was identified on chromosome 16'
and replicated by two other groups,'0 11 might
also confer susceptibility to ulcerative colitis.
The GENEHUNTER analysis of eight mark-
ers on chromosome 16, including those which
showed the strongest evidence for linkage to
CD8 and additional markers from the region,
produced a positive non-parametric linkage
score in 32 kindreds which contained 89
subjects affected with UC, with an associated p
value of 0.02 (table 1). The affected sib pair
analysis of these data showed a significant
excess of allele sharing for three markers in the
region (table 3), with the highest proportion of
sharing at D16S3136 (0.70, with p=0.01).
These results are very similar to those obtained
for the chromosome 16 markers in the two
separate panels of Crohn's disease families
reported by Hugot et al,8 which are each of
comparable size to the UC panel analysed in
this study. The estimated sib relative risk of
1.46 in the UC families was also very similar to
the estimate of 1.3 from the CD families.8

In view of the fact that only two regions of
the genome were tested for linkage in this study
(the IBD 1 locus and the putative locus on
chromosome lp), the data provide good
evidence that the IBD 1 locus is also involved in
susceptibility to UC.20 It was therefore surpris-
ing that we did not find support for linkage to
IBD 1 in the 38 mixed families in which cases of
both UC and CD were present (tables 1,2, and
3). It is possible that families with the "mixed"
phenotype have a higher proportion of sporadic
cases in which genetic susceptibility is less
important. An alternative, and we believe more
likely, explanation is that since the degree of
susceptibility conferred by IBD 1 is modest
(relative risk to sibs=1.3-1.46), its effect will
not be shown in all data sets unless very large
numbers of families are analysed.20 This may
also explain why our finding of evidence of
linkage of the UC phenotype to IBD 1 contrasts
with two reports,' 01' which, while replicating
the linkage of CD to the IBD1 locus, did not
detect linkage in UC. Ohmen et al'0 typed 23
sib pairs from 16 UC families, and combined
these data with 19 sib pairs from 15 mixed
families for their analysis, which showed no
excess of haplotype sharing in affected sibs.
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Their study differs from ours in that a much
smaller number of families were studied;
population specific differences may also have
contributed, since there was no evidence of
linkage of the Jewish CD families in their panel
to IBD 1. These distinctions do not apply to the
Oxford study, which analysed 64 UC sib pairs
from British families." The Oxford and
London families also appear to differ with
respect to the contribution of HIA genes to
susceptibility to UC.6
The multipoint analysis in the original report

produced a peak between D 1 6S409 and
D16S419.8 We analysed several additional
markers in this interval (fig 1) and obtained a
peak multipoint NPL score at D16S3120,
which is 4 cM proximal to D16S419. This is in
agreement with both replication studies,'0 "'
which found the strongest evidence for linkage
to CD at D16S411. Thus, IBD1 appears most
likely to be located in the 12 cM interval
between D16S409 and D16S419. This does
not appear to contain any obvious candidate
susceptibility genes at present. Further refine-
ment by high resolution mapping of very large
numbers of families and linkage disequilibrium
analysis will be required to narrow it further
and permit identification of candidates for
IBD 1.

Finally, the hypothesis of overlapping sus-
ceptibility genes for CD and UC can be tested
further if the recent evidence of IBD loci on
chromosomes 3, 7, and 129 is replicated in
other studies.
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