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Abstract
Familial adenomatous polyposis (FAP) is
characterised by hundreds of colorectal
adenomas. Endocrine neoplasms have
occasionally been reported, as have gas-
tric polyps, which are usually hamar-
tomatous in the fundus of the stomach and
adenomatous in the antrum. A 57 year old
man with colorectal, gastric, and periam-
pullary adenomatous polyposis, in associ-
ation with three bilateral adrenocortical
adenomas, is presented. Mutation screen-
ing showed a 5960delA germline mutation
in the adenomatous polyposis coli (APC)
gene predicted to lead to a premature stop
codon. This mutation was found in three
of the four children of the patient. Western
blot analysis of a lymphoblastoid cell line
derived from the patient failed to detect
any truncated APC polypeptide. This rare
3' mutation is responsible for an unusually
complex and late onset phenotype of FAP.
(J Med Genet 1999;36:65–67)
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Familial adenomatous polyposis (FAP) is a
dominantly inherited disease characterised by
the development of hundreds of colorectal
adenomas in young adults.1 Upper gastro-
intestinal polyps in FAP include non-
adenomatous gastric fundic gland polyps,

distal gastric adenomas, and duodenal
adenomas.1 2 Gastric fundic polyps are usually
hamartomas, which are not at risk of becoming
malignant, whereas antral and duodenal polyps
are adenomas and often display signs of
dysplasia with a risk of subsequent
carcinoma.1 2 Among rare extracolonic mani-
festations of FAP, endocrine neoplasms of the
pituitary gland, pancreatic islets, and adrenal
cortex have occasionally been reported.1

Case report
Here we report a case of a 57 year old man
from southern Italy who was referred for surgi-
cal treatment of complex FAP disease. His
mother had died previously of colon cancer at
the age of 66. This patient has three sisters and
four children, who are all asymptomatic (fig 1).
An upper gastrointestinal endoscopy, per-
formed because of severe anaemia (haemo-
globin 6.7 g/dl), showed multiple polyps in the

Figure 1 Family pedigree and mutation segregation. E+/-, presence or absence of the
mutation; ?, not tested; arrow, proband; grey symbols represent asymptomatic carriers of the
mutation.
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III Figure 2 Pathology of adrenal masses. (A) Macroscopic
appearance. The cortex of this left adrenal gland appeared
slightly nodular and contained a well delimited yellowish
nodule of 19 mm. (B) Microscopic appearance. The cells
had an alveolar or cord-like arrangement. The tumoral
nests were surrounded by fine fibrous tissue septa. Most of
the cells had a clear cytoplasm rich in lipid. Their size was
remarkably uniform, as were the nuclei. Signs of
malignancy were absent.
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stomach and a large, sessile polyp in the
ampulla of Vater. Histological examination of
multiple biopsies showed typical adenomas
with moderate dysplasia of the duodenum and
the stomach, but not the usually expected
benign gastric fundic polyps. Colonoscopy
showed typical colorectal polyposis with more
than 100 polyps in the colon. There were only
four small polyps in the rectum. A routine
abdominal ultrasound (US) examination inci-
dentally showed a hypoechogenic right adrenal
mass of 2.0 cm. Adrenal masses, two on the left
and one on the right, measuring 1.5, 2.3, and
2.8 cm, respectively, were also discovered on
abdominal computed tomography. Endocrine
evaluation of the patient excluded adrenocorti-
cal hypersecretion, phaeochromocytoma, and
multiple endocrine neoplasia type I. No
congenital retinal pigment epithelial hypertro-
phy (CHRPE) could be found. Subtotal colec-
tomy, a gastrotomy, a duodenotomy, and a left
adrenalectomy were performed. Pathological
examination showed more than 300 colorectal
adenomatous polyps with a decreasing density
from right to left. Polyps removed from the
stomach were adenomatous but not benign
fundic polyps; that in the duodenum was typi-
cally villous. Moderate dysplasia was found in
the polyps in these three organs. Fig 2A shows
the left adrenal gland and fig 2B shows the his-
tology of the adrenal tumours.

In our patient, a typical motility shift pattern
was found by heteroduplex analysis3 for exonic
fragment 15-N (fig 3). DNA sequencing
showed a 5960delA germline mutation in the
APC gene, predicted to lead to a premature
stop codon (fig 4). The presence of a stop
codon in this region of the APC gene was con-
firmed by the protein truncation test4 (fig 5).
Western blot analysis of a lymphoblastoid cell
line derived from the proband5 failed to
indicate the presence of a truncated APC
polypeptide of the expected molecular weight
(approximately 220 kDa as predicted from the
chain terminating mutation) (data not shown).

Adrenal tissue was not suitable for DNA
extraction to search for mutation or loss of the
normal APC allele.

The other family members living in Italy
were screened for the mutation and three of the
four children are asymptomatic carriers (fig 1).
They were advised to undergo a yearly
colonoscopy, an upper GI tract endoscopy, and
an abdominal US. A hyperplastic polyp was
found at colonoscopy in the sigmoid colon of a
26 year old male. An adenomatous polyp of 2
cm with high grade dysplasia was removed
from the sigmoid colon of a 28 year old male. A
small polyp was found in the sigmoid colon of
a 31 year old female.

Discussion
The mutation identified in our patient is a rare
one, located at the 3' end of exon 15 of the APC
gene and leading to an unusually complex and
late onset phenotype. This mutation was previ-
ously reported by Scott et al6 in a pedigree from
Switzerland, which could possibly share a
common ancestor with our Italian patient. In
the report of Scott et al,6 the patients were not
assessed for adrenal tumours, although gastric
polyps were found in three patients and an
adenocarcinoma of the stomach in one. The
location of this mutation, 5960delA (codon
1981), seems to lead to a less severe phenotype
(only a few rectal polyps and late onset) but a
more complex disease, involving the colon,
stomach, duodenum, and both adrenal glands.
Since our patient is the only member of his
family who was available for investigation, fur-
ther conclusions cannot be drawn about the
precise phenotype associated with the present
mutation.

Recently, this and other 3' mutations have
been reported to lead to variable, but in general
attenuated, FAP phenotypes.6–9 As is true for
the vast majority of the APC mutations, this is
a frameshift mutation predicted to result in a
truncated protein product. However, as previ-
ously reported,7 Western blot analysis failed to
show a truncated APC polypeptide of the
expected length. Previous authors have postu-
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Figure 3 Heteroduplex analysis. Separation of PCR
products of exonic fragment 15-N from a normal control
(lane 3) and from two FAP patients (lanes 4 and 5). Lane
1 shows a molecular weight ladder of pBR 322 (MspI).
Lane 4 shows the typical heteroduplex band pattern of our
patient.

Figure 4 DNA sequencing. Direct sequencing of the 15-N
mutation carried out by dye primer cycle sequencing. DNA
sequence reading showed a frameshift mutation resulting
from a single adenine deletion at position 5960 (codon
1981). Nucleotides are numbered according to Genebank
accession number M74088 and the first codon is the first
ATG initiating methionine.

Figure 5 Protein
truncation test. 14%
SDS-PAGE analysis of
translation product of the
exon 15 segment I-Q
(codons 1547-2339): in
vitro eVect of the 5960delA
chain terminating
mutation. The sizes of the
translation products are
indicated; full length
product is 100 kDa for a
normal subject (left lane)
and the truncated product
is 61 kDa for the FAP
patient reported (right
lane).
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lated that the instability of the corresponding
mRNA or truncated protein might be respon-
sible for the observed attenuated FAP
phenotype.7 9

In FAP, the polyps are usually scattered fairly
evenly along the entire large bowel. However,
as in the present case, in over one-third of
patients the density of polyps is greatest in the
proximal colon and the rectum is relatively
spared.1 Colorectal adenomas usually develop
in the late teens or early 20s, and in the absence
of screening the age at the appearance of cancer
is 39 years.1 With respect to these various
aspects of polyp distribution, number, and
onset, the colorectal phenotype of our patient
can be considered quite mild.

Our patient developed a true adenomatous
polyposis of the whole stomach. Gastric polyps
appear in 20 to 60% of cases, but these polyps
are usually non-adenomatous gastric fundic
gland polyps, which spare the antrum and are
not at risk of becoming malignant.1 However,
gastric adenomas, solitary or multiple, involv-
ing mainly the antrum and bearing a high
potential for malignant change, can also occur.
In our patient, adenomas with moderate
dysplasia were found in the whole body of the
stomach. Whether there is an excess risk of
gastric cancer in FAP is controversial; it
appears to be restricted to countries in which
gastric cancer is prevalent and may be
influenced by environmental factors.1 2 10 11 In
addition to the biopsies usually recommended
for antral and duodenal localisation of FAP,
systematic biopsies of gastric polyps should be
done during upper gastrointestinal endoscopy
and every adenoma should be removed.

In the general population, small, non-
functioning adrenal adenomas or nodular
hyperplasias are common.12 13 At necropsy, the
adrenal glands contain grossly visible, non-
functioning adenomas in about 2 to 9% of
adult patients.13 These adrenal masses are usu-
ally single and unilateral.12 13 To date, 13 cases
of non-functioning adrenal adenomas,1 one
case of phaeochromocytoma,14 and three cases
of adrenocortical carcinoma15–17 have been
reported in association with FAP syndrome. It
is diYcult to know whether these associations
are coincidental, but the fact that in our patient
the adrenal masses are multiple and bilateral
strongly suggests an underlying genetic cause.
Because of the report of at least three cases
presenting with a primary adrenal carcinoma,
the malignant potential of adenomas should be
taken into consideration in the management of
patients with FAP. Any family with FAP result-
ing from a mutation at the 3' end of exon 15 of
the APC gene should be oVered abdominal
ultrasound examination.

Regarding the relation between CHRPE and
the location of the mutation in the APC gene,
the existence of phenotypic boundaries has
been proposed; mutations occurring 5' to exon
9 or beyond codon 1444 seem not to be associ-
ated with CHRPE.18 This is in accordance with
our patient bearing a mutation at codon 1982

without any evidence of CHRPE on ophthal-
mological examination.

In conclusion, we report a patient with a rare
APC mutation leading to an unstable trun-
cated polypeptide which was responsible for an
unusually complex, late onset FAP phenotype.
A better genotype-phenotype correlation
would be very helpful in the search for extraco-
lonic manifestations of FAP, which become
increasingly important because of their influ-
ence on the survival of patients after prophylac-
tic colectomy. In the light of this case, we
recommend systematic biopsies of gastric
polyps during upper gastrointestinal endos-
copy. Furthermore, to evaluate the eVect of 3'
APC mutations on the adrenal glands, an
abdominal ultrasound examination should be
performed in FAP patients carrying this type of
mutation.
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