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Desmoid tumours are generally very rare but occur
about 100 times more frequently in the colorectal cancer
predisposition syndrome familial adenomatous poly-
posis (MIM 175100), being represented in about 10% of
patients. In addition to desmoid disease occurring in
familial adenomatous polyposis (FAP) there exist familial
infiltrative fibromatosis (MIM 135290) kindreds where
there is no evidence of FAP. Previously we have de-
scribed a kindred with familial infiltrative fibromatosis
(FIF) in which desmoid tumours were associated with
nonpolyposis colorectal cancer. FAP is caused by muta-
tions in the APC gene and various genotype—phenotype
relationships have been defined including reports that
colorectal polyposis is less severe with mutations 5 "to
codon 157 and that the risk of desmoid tumours is high
in FAP patients with APC gene mutations between co-
dons 1444 and 1598. There is relatively little information
on the phenotype of APC gene mutations 3 ' to codon
1598; however, one large family has been reported with
a mutation at codon 1987 which presents with a highly
variable phenotype which includes desmoid disease. We
screened our original FIF kindred and three further fam-
ilies with a similar phenotype for mutations in the APC
gene. A 4 bp frameshift deletion in codon 1962 was
identified in the original FIF kindred and two further ap-
parently unrelated families. Haplotype analysis suggests
a common origin for the APC mutation in all three fam-
ilies. Affected individuals had no evidence of congenital
hypertrophy of the retinal pigment epithelium. Colorectal
polyposis was variable, and most affected patients had
either none or a few late onset polyps. These findings
demonstrate (i) that FAP and FIF are allelic, and (ii) that
APC gene mutations which truncate the APC protein dis-
tal to the beta-catenin binding domain are associated

with desmoid tumours, absent CHRPE and variable but
attenuated polyposis expression.

INTRODUCTION

Desmoid tumours (infiltrative fibromatosis) are rare but they occur
relatively frequently (between 5 and 10%) in patients with the
autosomal dominantly inherited familial cancer syndrome, familial
adenomatous polyposis coli (MIM 175100). Familial adenoma-

tous polyposis (FAP) is caused by germline mutations in the APC
gene mutation and is characterised by the development of multiple
colorectal polyps (>100), duodenal polyps and extra-intestinal
manifestations such as congenital hypertrophy of the retinal pigment
epithelium (CHRPE), epidermoid cysts, desmoid tumours and
osteoma 7-5). In 1992 we described a unique four-generation
family with familial infiltrative fibromatosis (FIF) (MIM 135290)

(6). Affected individuals developed desmoid tumours or nonpolypo-
sis colorectal cancer, but other features of FAP were not detected,
therefore we believed this family to be a variation of the hereditary
nonpolyposis colorectal cancer syndrome (HNPCC).

The APC gene iSB500 bp in size and encodes a protein of 2843
amino acids. Most germline APC mutations are predicted to
truncate the APC protein and occur t6 codon 1598, so
mutations in the'Xoding region are raré,{,8). The colorectal
and extra-intestinal manifestations of FAP have been correlated
with the position of the APC gene mutati@r®j. Mutations 5to
codons 157 may cause no or few polyps, referred to as the
attenuated FAP phenotype or AAPQ)) CHRPE is usually
absent in patients with mutatiorisbcodon 302 and &f codon
1444 (1,12). Truncation of the APC protein between codons
1285 and 1465 has been associated with severe polypbSs)s (
Desmoid tumours are frequent in FAP patients with mutations in
codons 1445-1578,8,12,14). Mutations 3of codon 1578 are
rare in FAP and have not been associated with a distinct
phenotype. In a previous study we were unable to identify a
5" APC gene mutation in familial desmoid kindretis) @nd we
hypothesised that familial desmoid tumours with few colorectal
polyps might be caused by BPC mutations. We therefore
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Figure 1. Pedigrees of the four families. Further details of the relevant patients are given in the text. DNA was analysed from all patients indicated with an *.

screened our original FIF kindred and three further families witmother had a colectomy for 200 colonic polyps at age 66 years.
desmoid tumours without classical FAP for germline APC genla family 3, two individuals had had intra-abdominal desmoids
mutations. Intriguingly, an identical mutation at codon 1962 wasithout features of FAP, but multiple intervening relatives had a

found in three of the four apparently unrelated kindreds. history of colorectal cancer and one relative had a history of
multiple gastric polyposis. In family 4 the proband had an
RESULTS intra-abdominal desmoid resected age 7 years and is free of
o recurrence at age 13 years. His father had a normal colonoscopy
Clinical phenotype at age 50 years, but a paternal uncle and three further relatives

Pedigree and clinical details are summarised in Figuxttfour ~ Were reported to have colorectal cancer, without polyposis.

families were thought to be unrelated, although families 1-3 were

from eastern England. Families 1, 2 and 3 contained two or mQygy|ecular genetic analysis

patients with desmoid tumours and family 4 a single case

(see Figl). Family 1 was described previously and displayed &vidence of a similar protein truncating APC gene mutation
four-generation history of desmoid tumours and nonpolyposksetween codons 1555 and 2256 was detected in families 1, 2 and
colorectal cancer with no other evidence of intestinal (duoden@dwith thein vitro translation assay. Direct sequencing of genomic
polyps) or extra-intestinal features (osteomas, CHRPE) of FABNA revealed an identical 4 bp deletion at nucleotides
In family 2 the proband had multiple thoracic wall desmoicb844-5847 (codon 1962) of the APC sequence @igThe
tumours but no colorectal polyps at age 30 years. Her mother hdeletion mutation was detected in all patients from families 1-3
an intra-abdominal desmoid and a carcinoma of the colon and f8® whom DNA was available (see F. To determine if this
colorectal polyps at age 31 years. A maternal aunt had &current mutation was likely to be the result of a founder effect
intra-abdominal desmoid age 60 years and the maternal graimd-a ‘mutation hot spot’, a disease associated haplotype was
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A. Wild type APC sequence

CCCCAGTCATCCAAAGACATACCAGACAGAGGGGCAGCA

B. Mutated APC sequence

CCCCAGTCATCCAAAGACATACCAGASGGGYGBGGMAStg

Figure 2. Sequence analysis of the mutated region in exorA)®¢rmal chromatogram of the sequence between codons 1950 andB)}98Gtated sequence
between showing overlapping mutated and normal sequence between codons 1950 and 1980.

constructed at three polymorphic sites within or close to the AP&on 15 are associated with a high risk of desmoid tumour and a
gene (D5S82, D5S346 and ARRS4) (3,24,25). The mutation relatively low, but variable, incidence of colorectal adenomatous
associated haplotype in families 1, 2 and 3 was consistent witlpalyps. The inter-familial variations in phenotype observed between
common origin and this haplotype was not present in family 4kindreds with identical mutations may result from modifier effects
(17), although further studies will be needed to investigate this. We
DISCUSSION did not identify a mutatic_)n in family 4, but cannot exclu_de a
germline APC gene mutation as the PTT we employed can, in some
The identification of a germline APC gene mutation in our originatircumstances, fail to detect truncating mutations and would not
kindred with FIF has confirmed our original suggestion that thigetect missense mutations or small in-frame deletid@)s (
disorder might be allelic with FAP. In addition, the identification of Although the precise function of the APC protein is unknown,
a further genotype—phenotype correlation provides more evideregdence suggests that it interacts with alpha and beta-catenins anc
that the APC protein has tissue-specific functions. The presenceappears to be associated with the microtubule cytoskeléteilj.
an identical mutation in three kindreds was unexpected, in view beptad repeat regions within the APC protein may form coiled coil
the inter-familial variations in phenotype with no evidence obtructures and allow the APC protein to associate with itself and
colorectal polyposis in family 1 but up ¥200 polyps (at age 66) other proteins. The formation of a heterodimer between wild-type
in an individual in family 2. Founder mutations are uncommon iand truncated APC protein is thought to be more deleterious than a
classical FAP, and although the risk of colorectal cancer in' the 20% reduction in APC protein levels. HenceAPC mutations
APC gene mutation families appears to be less than in classical F&feodon 157) which result in short truncated proteins and which are
early death from locally invasive desmoid tumours may occupredicted not to dimerise with wild-type protein have been
Recently, Ecclet al. (16) have reported a high frequency of associated with a less severe phenotype than seen in classical FAF
desmoid tumours with very late onset of and incomplete penetrar({@®,22,23). Most APC mutations in classical FAP occur in the 5
of intestinal polyposis in a large kindred with an APC mutation dtalf of the coding sequence and mutations beyond codon 1597 are
codon 1924. Thus it appears that APC mutations in #fegi8n of  reported rarely (<2.5% of caseS). \We have demonstrated that 3
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