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Objective
This study was performed to examine the relation between phenotypic expression in
patients with familial adenomatous polyposis (FAP) and the site of mutations in the APC
(adenomatous polyposis coli) gene. The ability of APC mutations to predict surgical
outcome was also investigated.

Summary Background Data
Germline mutations in the APC gene cause FAP and can now be identified by direct
mutational analysis. Such an analysis can identify affected persons for close surveillance
and spare unaffected persons. Phenotypic expression varies within and among FAP
kindreds, but certain mutations have been associated with severe disease. Patients with
severe polyposis are frequently offered total proctocolectomy rather than colectomy and
ileorectal anastomosis out of concern for increased rectal cancer risk. Mutation analysis
may offer a more rational basis for these decisions.

Methods
The postsurgical courses of 58 patients from 19 FAP kindreds with identified APC gene
mutations were reviewed. APC gene mutations were identified by analysis of leukocyte
DNA using single-strand conformational analysis and DNA sequencing. FAP seventy was
defined according to the number of polyps in the colon at the time of resection (<1000,
mild; >1000, severe). Operations included subtotal colectomy with ileorectal anastomosis
(IRA), total proctocolectomy with ileal pouch/anal anastomosis, total proctocolectomy with
end ileostomy, and partial colectomy (PC).

Results
Eight different APC mutations were identified. Mutations at codons 1309 and 1328 in exon
15G were associated with a uniformly severe polyposis phenotype. For other mutations, the
phenotype was more variable. Patients with APC mutations at codons 1309 and 1328
more commonly underwent proctectomy. Among the 43 patients who initially underwent
either IRA or PC, the rectum was later removed in 8. Seven of these patients had a
mutation at codon 1309 or 1328. With one exception, all patients with mutations outside
the 1309 or 1328 site who initially had IRA have retained their rectum.
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Conclusions
Our data support an association between severe polyposis phenotype and mutations at
APC gene codons 1309 and 1328. For patients with these mutations, the prognosis for
retaining the rectum is poor.

Familial adenomatous polyposis (FAP) is caused by
germline mutation of the APC gene that results in multiple
adenomatous polyps throughout the colon and rectum.
Without prophylactic surgery, virtually all patients with
FAP become symptomatic in the third to fourth decade
of life and usually develop colorectal cancer by age 50
years.' The severity of the FAP phenotype, as defined by
the number of adenomas in the large bowel, varies both
within a family and from one family to another. Patients
with a severe phenotype (>1000 polyps) tend to present
earlier, are more often symptomatic, and may be more
likely to develop colorectal cancer. Debinski et al.2
showed that a resected specimen with > 1000 polyps has
double the chance of containing a cancer compared with
one with <1000 polyps.
The APC gene was identified in 199 ,3', and since then

several reports have shown a correlation between the se-
verity of polyposis and the site of mutation.5-8 Patients
with an APC mutation at a locus associated with severe
disease are likely to have a high risk of developing cancer.
Treatment of colorectal disease in FAP is chiefly surgical
and is designed to prevent cancer from developing. There
are two primary surgical options: subtotal colectomy with
ileorectal anastomosis (IRA) or total proctocolectomy
with ileal pouch/anal anastomosis (IPAA). IRA is a sim-
pler operation with less disturbance of bowel function,
but its role in the management of FAP is controversial
because of the risk of cancer in the retained rectum.9-12
If patients could be triaged preoperatively according to
their risk of developing rectal cancer, IRA could be used
more appropriately.
We compared APC genotype with FAP phenotype to

determine whether any specific mutations correlate with
severe polyposis. The clinical course ofFAP patients with
known mutations was also reviewed to determine whether
there was any association between the site of mutation
and the fate of the rectum after IRA.

METHODS
Patients and DNA Samples
FAP families in the David G. Jagelman Polyposis Reg-

istry at the Cleveland Clinic Foundation with successful

mutational analysis were included in this study. DNA was
obtained from peripheral blood leukocytes as previously
described by Miller et al.,'3 andAPC gene mutations were
identified and characterized by single-strand conforma-
tional analysis.'4 The polymerase chain reaction was used
to amplify genomic DNA6 using primers to amplify APC
exons 1 to 14 and overlapping segments of exon 15, as
described by Groden et al.3 Sequencing of polymerase
chain reaction products after single-strand conformational
analysis was carried out as described by Paul et al.6
The number of polyps was determined from surgical

pathology reports of excised specimens. Terms such as
"innumerable," "diffuse," "too numerous to count," or
"carpeted" or an absolute number of polyps > 1000 were
considered to indicate severe disease. An absolute number
of polyps <1000 was defined as mild disease. The type
of first operation performed varied depending on surgeon
preference and on the year of surgery. In the prepouch
era (before 1983), IRA was preferred over total proctoco-
lectomy and ileostomy, except when rectal involvement
was severe. In the postpouch era, the choice of operation
depended on the number of rectal polyps as well as patient
or surgeon preference.
A chi square test was used to compare categorical data.

The null hypotheses were stated in terms of no differences
in the proportion of subjects between mutation locus and
either polyp severity or the fate of the rectum.

RESULTS
Eight different mutations were detected in 58 FAP pa-

tients from 19 kindreds (Table 1). Site of mutation and
polyp severity are also shown in Table 1. A comparison
of polyp severity with mutation site reveals mild polyp
density in all patients with known phenotype in the kin-
dred with a mutation at codon 157 (exon 4), in the single
patient with a mutation at codon 1464 (exon 1SH), and
in the 3 patients from the kindred with a mutation at
codon 1528 (exon 151). Polyp density was variable in
kindreds with mutations at codons 540 (exon 12), 1060
(exon 1SE), and 1068 (exon 1SE). All patients with muta-
tions at codons 1309 (exon 15G) or 1328 (exon 15G)
had severe polyposis. Only 1 patient had a colon cancer
(mutation in codon 1328).

First Surgery
All 28 patients with mutations at codons 157, 540,

1068, and 1528 underwent subtotal colectomy with
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Table 1. CORRELATION OF POLYP SEVERITY WITH APC GENE MUTATION: SEVERITY
OF POLYPOSIS (NUMBER OF PATIENTS)

Mutation
(codon) Exon Severe Mild Unknown Patients Kindreds

157 4 0 6 1 7 1
540 12 1 1 0 2 1
1060 15E 3 4 1 8 5
1068 15E 5 11 0 16 2
1309 15G 16 0 2 18 7
1328 15G 3 0 0 3 1
1464 15H 0 1 0 1 1
1528 151 0 3 0 3 1

Total 28 26 4 58 19

IRA. Among patients with a mutation at codon 1060, Overall, 19 of 21 patients with mutations at codons
6 received an IRA, 1 underwent total proctocolectomy 1309 and 1328 lost their rectum. In contrast, only 1
with end ileostomy, and 1 had an IPAA. The single patient with a mutation other than at codon 1309 or
patient with a mutation at codon 1464 underwent total 1328 required proctectomy after IRA.
proctocolectomy with IPAA at the patient's request, A comparison of the number of rectal polyps ap-
even though the polyposis phenotype was mild. Proc- pearing after IRA was performed by grouping muta-
tectomy was carried out as part of the first surgery in tions at codons 1309 and 1328 for comparison against
12 of 21 cases with mutations at codons 1309 and all others. For mutations at codons 1309 and 1328, the
1328. These results are summarized in Table 2. Pa- mean total number of rectal polyps found per patient at
tients with a severe phenotype tended to present and follow-up was 266 (standard deviation, 333) during a
have surgery at a young age: 50% were 16 years of mean period of 6.75 years (standard deviation, 5.1).
age or younger at the time of the first operation, For all other mutations, the mean total number of rec-
whereas only 25% of patients with a mild phenotype tal polyps found per patient at follow-up was 33 during
were 16 years of age or younger. a mean follow-up of 8.5 years. The number of follow-

up endoscopic examinations ranged from 1 to 26.

Fate of the Rectum Table 4 shows a comparison of surgery type with
polyp severity. The most striking finding is the poor

Seven of 9 patients with mutations at codons 1309 prognosis for retaining the rectum in patients with a
and 1328 who had their rectum preserved at the first severe polyposis phenotype: only 2 patients with 15G
surgery subsequently had it removed because of in- mutations have retained their rectum, and at last fol-
creasing number or size of rectal polyps (Table 3). low-up both had multiple rectal polyps.

Table 2. CORRELATION BETWEEN MUTATION SITE AND FIRST SURGERY PERFORMED

Total
Mutation lleorectal Partial Ileopouch Anal Proctocolectomy
(codon) Anastomosis Colectomy Anastomosis and End lleostomy

157 7 0 0 0
540 2 0 0 0
1060 6 0 1 1
1068 16 0 0 0
1309 7 1 5 5
1328 1 0 1 1
1464 0 0 1 0
1528 3 0 0 0

Total 42 1 8 7
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Table 3. CORRELATION BETWEEN
MUTATION AND FATE OF THE RECTUM

Rectum Rectum
Mutation Preserved Removed

157 7 0
540 2 0
1060 6 2
1068 15 1
1309 2 16
1328 0 3
1464 0 1*

1528 3 0

Total 35 23

Patient choice, mild phenotype.

Statistical Analysis

A calculated chi square showed a significant associa-
tion between mutation-codon and polyp severity (p <

0.001). The predictive value of mutation-codon on polyp
severity is expressed in terms of the estimated probability
that subjects with mutations at codons 1309 and 1328
will develop severe polyps. In this case, the estimated
probability was computed at 100%. We concluded that
mutations at codons 1309 and 1328 are associated with
severe disease.
When the same statistical procedure was performed to

compare mutation-codon and the fate of the rectum, the
calculated chi square was also significant (p < 0.001).
We concluded that mutation-codon and the fate of the
rectum were associated. The estimated probability that
subjects with mutations at codons 1309 and 1328 would
have their rectum removed is 90.5%.

DISCUSSION

When a patient is diagnosed with FAP, one of the
most important decisions to be made is the choice of
prophylactic surgery. Of the three options (colectomy

with IRA, proctocolectomy with IPAA, and proctocolec-
tomy with end ileostomy), IRA is the simplest and least
complicated, with least disturbance of bowel function.
IPAA, which is more complex and more likely to affect
the patient's lifestyle, is generally preferred for patients
at high risk for rectal cancer; some authorities recommend
it for all FAP patients. Factors that help define rectal
cancer risk after IRA include colon cancer at diagnosis
and >1000 polyps in the colon at the time of colec-
tomy.2" Patients with these factors should have an

IPAA as their initial procedure. We have shown in this
study that the most frequent APC mutation is consistently
associated with severe polyposis (defined as > 1000 colon
polyps) and a high risk for rectal cancer, as reflected by
proctectomy rate.

Several studies have attempted to correlate genotype
with phenotype in patients with FAP. Mutations have
been reported throughout the 15 exons of the APC gene,

with the exception of exons 1 and 2. Mutations occurring
in the 5' end of the gene (particularly exons 3 and 4) are

associated with an attenuated form of FAP, with fewer
adenomatous polyps and delayed cancer onset.'7 One fam-
ily reported here was found to have a mutation at codon
157 (exon 4) and a uniformly mild phenotype. Several
members of this pedigree were not diagnosed until their
mid-40s, and no colon cancers have occurred, suggesting
a reduced risk for progression compared with typical
FAP.

Five papers have reported an association between a

severe polyposis phenotype and germline mutations oc-

curring in a specific region of exon 15. In 1992, Nagase
et al.5 reported 5 FAP patients with profuse polyps
(>5000) who had germline mutations between codons
1250 and 1464. Patients with mutations before and after
this region had a milder phenotype. In 1993, Paul et al.6
described 5 unrelated FAP patients, each with a deletion
mutation at codon 1309 and > 1000 polyps at colectomy.
Gayther et al.7 reported that a severe polyposis phenotype
was associated with regionally clustered APC mutations
at codons 1309, 1323, 1368, and 1464. Giardiello et al.'8
showed both inter- and intrafamilial variations of polyp
density in patients with mutations at codon 1309. Al-

Table 4. COMPARISON OF SURGERY TYPE WITH POLYP SEVERITY

Initial Operation Final Status

lleorectal Anastomosis/ Total Proctocolectomy/ Ileorectal Anastomosis/ Total Proctocolectomy/
Partial Colectomy lleopouch Anal Anastomosis Partial Colectomy Ileopouch Anal Anastomosis

Severe 16 12 9 19
Mild 25 1 25 1
Unknown 2 2 1 3
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though variation in polyp size and density was significant,
even patients with the lowest polyp density would likely
have met the criteria for severe disease used in other
studies. Nugent and Phillips"6 reported severe polyposis
associated with mutations at codons 1309, 1323, and 1407
in exon 15, but also with a mutation at codon 233 in exon
6. In the families reported here, mutations at codons 1309
and 1328 were consistently associated with severe polyp-
osis, but there were also persons with mutations outside
this region who had >1000 polyps. Furthermore, the pa-
tients with distal mutations at codons 1464 and 1528 had
mild disease, consistent with the findings reported by Na-
gase et al.5 but in contrast to those reported by Gayther
et al.,7 indicating a variable phenotype with mutations
distal as well as proximal to the severe polyposis region.
The large exon 15 ofAPC contains 75% of the cod-

ing region of the APC gene, including three ,6-catenin
binding sites and seven 20-amino-acid repeat do-
mains. The latter domain has been shown by Munem-
itsu et al.'9 to downregulate ,-catenin, a possible func-
tional role for APC. All the mutations in the "severe"
region of exon 15G would result in truncations of the
APC protein at, or within a few residues of, the mu-
tated codon and would truncate APC between the first
and second of the seven 20 repeat elements. Munem-
itsu et al.19 have shown that transfection of other por-
tions of APC protein, including three separate ,6-ca-
tenin binding sites 5' of the repeats, can bind ,3-catenin
but not regulate it. Mutations 3' of 1309 to 1328 would
truncate APC protein between the second and third
repeat (1464) or the third and fourth repeat (1528).
The retention of two or three of these repeats may be
sufficient for a threshold level of activity that results
in reduced disease severity.
The absolute number of polyps developing in FAP is

apparently under the control of multiple determinants,
including APC mutation, other genetic modifying loci,
and environmental factors. We have shown that a re-
gion of exon 15 is invariably associated with severe
polyposis and includes the most frequent APC muta-
tion at codon 1309. The data presented here further
define this region and the clinical consequences of
these mutations, including a tendency for earlier sur-
gery and a high probability that proctectomy will be
needed. Patients with severe polyposis are likely to
have a total proctocolectomy initially or to need a
completion proctectomy after initial IRA. However,
none of the patients with severe polyposis or muta-
tions at the "severe" loci developed cancer, showing
the effectiveness of clinical management in compliant
patients. Because of the close association between
exon 15G mutations and severe polyposis, this clinical
pattern can be extrapolated to patients on the basis of
genetic analysis.
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Therefore, when an FAP family has a known muta-
tion, we suggest that the implications of the site of
the mutation be considered when making decisions
about screening and surgery. For example, endoscopic
screening usually begins at 10 to 15 years of age. In a
family with a 15G mutation, where a severe phenotype
seems probable, the earlier age should be chosen. Fur-
thermore, mutational analysis may be a more accurate
way of selecting patients for IRA or IPAA. We suggest
that patients with mutations at these locations be
strongly considered for total proctocolectomy and
IPAA at the time of initial surgery. If families with
these high-risk mutations include patients with an ex-
isting IRA, surveillance must be especially thorough.
Finally, the association of the common codon 1309
mutation with a severe phenotype can also be used to
assist in mutational analysis. In a family with consis-
tently severe disease, the search for the APC mutation
should begin in exon 15G.
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