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Abstract
Cowden syndrome (CS) or multiple
hamartoma syndrome (MIM 158350) is an
autosomal dominant disorder with an
increased risk for breast and thyroid
carcinoma. The diagnosis of CS, as operationally defined by the International Cowden Consortium, is made when a patient,
or family, has a combination of pathognomonic major and/or minor criteria. The
CS gene has recently been identified as
PTEN, which maps at 10q23.3 and encodes
a dual specificity phosphatase. PTEN
appears to function as a tumour suppressor in CS, with between 13-80% of CS
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Breast and thyroid carcinoma are two frequently occurring neoplasms in the female
population. Increased risks for both breast and
thyroid cancer are prominent features of Cowden syndrome (CS). The hallmark phenotype of
this inherited cancer syndrome is the presence of
hamartomas, developmentally incorrect, benign, hyperplastic growths, in multiple organ
systems including the skin, gastrointestinal tract,
central nervous system, breast, and thyroid.
Breast cancer will develop in 25-50% of women
with CS and 3-10% of all CS patients will
develop thyroid cancer.1 2 At present, only four
tumour suppressor genes have been associated
with familial breast cancer, BRCA1, BRCA2,
p53, and PTEN.7 Initially thought to account
for over 80% of hereditary breast cancer,8 9
germline mutations in BRCA1 and BRCA2
together are now thought to account for 25-50%
of all familial breast cancer,'0 thus opening up
the possibility of other BRCAX genes. Along
these lines, germline mutations in p53 are associated with 70% of cases of Li-Fraumeni
syndrome, an autosomal dominant condition
comprising breast cancer, brain tumours, sarcomas, and adrenocortical carcinomas.3 4 11 Recently, the CS susceptibility gene has been identified as the tumour suppressor gene PTEN, also
known as MMAC1 and TEP1.7 12-14 PTEN
maps to 10q23.3 and encodes a 403 amiino acid
dual specificity phosphatase."2-'5 Germline missense and truncating mutations have been
reported in between 13-80% of patients with
CS.7 1618 It should be noted that while initial
linkage studies of 12 families with CS was highly
suggestive of a single locus for CS,'9 a subsequent study proposes that genetic heterogeneity
may exist in CS.'6
At the somatic level, PTEN has been shown
to be mutated or deleted in a number ofhuman
malignancies, including sporadic breast, brain,
prostate, and kidney cancer cell lines, as well as
in a number of primary tumours including
endometrial carcinomas, glioblastomas, malignant melanoma, and thyroid and breast

tumours.20-33
Given the role of PTEN in CS and the
relatively large percentage of familial cases of
breast cancer that are not caused by germline
mutation of BRCAl, BRCA2, or p53, we sought
to determine whether PTEN may be mutated in
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Table 1 Phenotypic classification of CS-like families
No offamilies

Breast and thyroid carcinoma occurring together in at least one person
Breast and thyroid carcinoma occurring in different subjects
Breast carcinoma and thyroid disease (eg goitre)
Breast carcinoma/CS-like (eg trichilemmoma), no thyroid involvement
Thyroid carcinoma/CS-like, no breast involvement
Total

22
32
3
6
1
64

.....

-W iii.
.:.j..

:j

Figure 1 DGGE detection of c.209T-C in the germline of a patient from a CS-like
family. Control mutations from CS and BRR families are also included to display the
sensitivity of this technique for the detection of PTEN mutations. Lane 1, wild type control
(exon 3); lane 2, Y68H (exon 3); lane 3, IVS2-2A-->G (exon 3); lane 4, c.209T->C
(exon 3); lane 5, wild type control (amplicon 5I, representing the 5' half of exon 5); lane 6,
Q87X (amplicon 5I); lane 7, c.347-351delACAAT (amplicon 5I); lane 8, wild type
control (amplicon 5II, representing the 3' half of exon 5); lane 9, C124R (amplicon 5II);
lane 10, E157X (amplicon 5II); lane 11, wild type control (exon 7); lane 12, R233X
(exon 7); lane 13, c. 791ATins (exon 7).
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DENATURING GRADIENT GEL ELECTROPHORESIS
(DGGE) AND TEMPORAL TEMPERATURE GEL
ELECTROPHORESIS (TITGE)

A combination of DGGE and TTGE was performed for all nine exons of PTEN. GC
clamped primer sequences, PCR conditions,
and DGGE conditions have been previously
described,35 with the exception of primers for
the germline of families that did not meet the exons 2 and 4. Exon 2 and 4 primer sequences,
strict diagnostic criteria for CS determined by with GC clamps added, were as follows: exon
the International Cowden Consortium.2 19 The 2, 2F, 5'-CGT CCC GCG TTT GAT TGC
phenotypes of these families were, minimally, TGC ATA TTT CAG-3' and 2R, 5'-CGC
breast and non-medullary thyroid cancers, and, CCG CCG CGC CCC GCG CCC GTC
maximally, a sum of phenotypes falling just short CCG CCG CCC CCG CCC GTC TAA ATG
of the Consortium Criteria for CS.
AAA ACA CAA CAT G-3'; exon 4, 4F,
5'-CGC CCG CCG CGC CCC GCG CCC
GTC CCG CCG CCC CCG CCC GAA ATA
Material and methods
ATA AAC ATT ATA AAG ATT CAG GCA
PATIENTS
Members of 64 unrelated CS-like families were ATG-3' and 4R, 5'-GAC AGT AAG ATA
collected for analysis (table 1). These CS-like CAG TCT ATC-3'. Split exon 5 primers with
families were defined as families or people that GC clamps and conditions for mutation detechave some, but not all, of the features of CS and tion have been previously reported.26
do not meet the operational diagnostic criteria
TTGE is a mutation detection technique
of the International Cowden Consortium. using the basic PCR fragment denaturation
Minimally, these CS-like families contained at principles of DGGE. The major difference
least one member with both non-medullary between these methods is that a temperature
thyroid cancer and at least one other related gradient, rather than a chemical gradient of
member with breast cancer diagnosed at any varying urea and glycerol percentages, is used
age. They also could comprise subjects with for strand separation of the GC clamped homoboth breast cancer and non-medullary thyroid and heteroduplexed PCR products by generatcancer. Alternatively, families could be made
ing a linear temperature gradient over the length
up of either breast or non-medullary thyroid of the electrophoresis run (Bio-Rad Laboratocancer and other features of CS, such as trichiries, Hercules, CA). One or 0.75 mm thick gels
lemmomas, without meeting the consortium of 10% polyacrylamide:bis (37.5:1) (Bio-Rad
criteria for CS.
Laboratories) and 7 mol/l urea (Bio-Rad LaboThe diagnostic criteria for classical CS used in ratories) were run using the DCodeTM Universal
this study has been previously described by the Mutation Detection System (Bio-Rad LaboraConsortium.2 19 In brief, the diagnosis of CS tories). Electrophoresis was performed at 130 V
requires that a patient or family meet a for six hours with a temperature gradient of
combination of pathognomonic major and 46-58°C and a ramp rate of 2°C per hour.
TTGE fragments were visualised under ultraminor criteria. Major criteria include breast
cancer, non-medullary thyroid cancer (espe- violet transillumination after the gel was stained
cially follicular thyroid carcinoma), macro- with ethidium bromide (Bio-Rad Laboratories).
Both DGGE and TTGE have proven high
cephaly (¢97th centile), and Lhermitte-Duclos
disease (LDD), which is a dysplastic gangliocy- accuracy in detecting mutations in general and
toma of the cerebellum that can cause seizures, specifically in detecting known PTEN mutatremors, and poor coordination. Hamartomas of tions from CS patients (fig 1).
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Phenotype offamilies

the skin, including trichilemmomas (benign
tumours of the hair follicle infundibulum) and
mucocutaneous papillomatous papules (for example, scrotal tongue), are diagnostic if there are
six or more papules, with three or more being
trichilemmomas. Minor criteria include benign
thyroid lesions such as multinodular goitre and
adenomas, fibrocystic breast disease, mental
retardation (IQ<75), gastrointestinal hamartomas, lipomas, fibromas, and genitourinary
tumours or malformations. Individual people or
families would be diagnosed with CS if they have
two major criteria, where one is either LDD or
macrocephaly, one major with three minor
criteria, or four minor criteria. No patients in
this study fulfilled these criteria. Constitutional
DNA was extracted from blood leucocytes using
standard, previously described methods.34 Approval for the use of human subjects in this study
was obtained under IRB approved protocol
94-138 (Dana-Farber Cancer Institute).
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SEQUENCE ANALYSIS

mother, II.2, had breast adenocarcinoma diagnosed at the age of 49 and again at 53. She also
had endometrial carcinoma diagnosed at 63
years. Careful clinical assessment of these two
subjects was unable to identify macrocephaly,
skin lesions typical of CS, or scrotal tongue.
The maternal grandfather, I.1, was diagnosed
with leukaemia at the age of 57. Unfortunately,
family members other than III. 1 were unavailable for analysis. Fresh tumour from III.1,
which would have allowed us to study the
putative aberrant splicing effect of this mutation, was also unavailable. No mutations were
identified in the other 63 unrelated CS-like
families.
PTEN POLYMORPHISM ANALYSIS

PTEN POLYMORPHISM ANALYSIS

A previously identified intronic polymorphic
site in PTEN, IVS8+32G/T, was analysed in a
single affected member from each CS-like
family to investigate hemizygosity at the PTEN
locus in mutation negative families. This site is
moderately heterozygous, with an earlier report
finding 50% of samples to be informative.28
Potential hemizygosity was assessed by the
amplification of exon 8 and flanking intronic
sequence and digestion with the restriction
endonuclease HincII under conditions suggested by the manufacturer (New England
Biolabs, Beverly, MA).

Results
PTEN MUTATION ANALYSIS

A missense point mutation, c.209T->C
(L70P), predicted to affect splicing was identified in a single affected patient (1 of 64, 2%)
(fig 1). This mutation was not identified in 100
normal alleles. When this occult germline
PTEN mutation was identified, the family history was reassessed (fig 2). The subject
analysed for this study, 1I. 1, developed follicular thyroid carcinoma at the age of 31. His
2

1

I9

i/
Leukaemia
age 57 y

11.2

11 1

Breast adenocarcinoma
age 49 y and 53 y,
endometrial carcinoma
age 63 y

111.1

111

2

Follicular

thyroid
age

carcinoma

31 y

Figure 2 Pedigree of CS-like family with the occult
germline PTEN mutation. c.209T-4C was identified in
DNA extracted from blood leucocytesfrom patient III. 1
who presented with follicular thyroid carctnoma.

Forty-eight percent (30 of 63) of unrelated
subjects from PTEN mutation negative CSlike families were found to be heterozygous at
the IVS8+32T/G site. This analysis would suggest that, at least in these families, gross germline deletion of PTEN can be excluded.

Discussion
An occult

germline PTEN mutation,
c.209T-*C at the last nucleotide of exon 3 was
found in one of 64 (2%) CS-like families. This
family's cancers, comprising leukaemia, which
may or may not be related, adenocarcinoma of
the breast, endometrial carcinoma, and follicular thyroid carcinoma, together do not meet the
International Cowden Consortium Criteria
used for the diagnosis of CS in this study.
However, we cannot exclude the possibility
that this family represents a case of low
penetrance CS. The family with PTEN mutation in this study contrasts with that in a recent
study that reported a PTEN mutation in a
family initially classified as having breast and
thyroid tumours only but reclassified as CS
after mutation analysis led to closer clinical
assessment."6 Closer clinical assessment of the
family presented in the current study did not
identify additional features of CS.
In the remaining families where no occult
germline mutations were identified, it is highly
unlikely that these mutations would have gone
undetected. Both DGGE and TTGE are
highly sensitive mutation detection techniques37 and both have been shown consistently
to detect known PTEN mutations and other
sequence polymorphisms (Marsh and Eng,
unpublished data, 1998; fig 1). Further,
because at least one affected member from
nearly half of these mutation negative families
was heterozygous at the IVS8+32T/G polymorphism, whole gene deletion is unlikely, at
least in these families.
In CS, while missense and truncating mutations are scattered largely along the entirety of
PTEN, a mutational "hot spot" exists in exon
5, which contains the PTPase core motif at
codons 122-132.' 1618 Thus, many mutations in
CS are predicted to disrupt the phosphatase
function of this protein. Interestingly, the
mutation identified in exon 3 falls in the
N-terminal half of the PTEN protein that has
been shown to have some sequence similarities
to the cytoskeletal proteins tensin and auxilin.
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Exons which showed DGGE and TTGE variants underwent direct sequence analysis. The
PCR primers and reaction conditions have
been described elsewhere.7 14 28 3 PCR products were gel isolated and purified using the
Wizard PCR Preps DNA Purification System
(Promega, Madison, WI). Direct sequencing of
these products was performed using the ABI
Prism dye terminator cycle sequencing ready
reaction kit (Perkin-Elmer Corp. Norwalk,
CT). Cycle sequencing products were electrophoresed on 6% Long ranger gels (FMC
Bioproducts, Rockland, ME) and analysed on
an Applied Biosystems model 373A automated
DNA sequencer (Perkin-Elmer Corp).
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Along the same lines, we have now investigated a cohort of families, each of which
contains some of the component tumours of
CS but do not meet the Consortium diagnostic
criteria for CS. Only one such family was found
to have an occult germline PTEN mutation,
arguing that such germline alterations play a
minor role in families that do not meet the
strict CS diagnostic criteria. Nonetheless, this
finding is significant for three reasons. Firstly, it
suggests that the operational diagnostic criteria
for CS established by the International Cow-.
den Consortium are, for the most part, robust
and are useful for identifying PTEN mutation
positive CS families. Secondly, we must also
conclude from our data that other genes are
involved which lend susceptibility to a CS-like
disease and to site specific breast and nonmedullary thyroid cancer. Thirdly, for non-CS
subjects identified with occult PTEN mutations, albeit uncommonly, there are important
implications for future hamartoma/cancer development that should impact on surveillance.
Unanswered questions remain, however. For
example, are CS-like families without germline
PTEN mutations at any less risk of cancer than
those with mutations? Preliminary genotypephenotype analyses suggest that classical CS
without germline PTEN mutations are
mutation." This was perhaps not surprising as families
at lower risk of developing malignant breast
limited linkage information in these families disease compared to their PTEN mutation
suggested the possibility of genetic heterogen- positive counterparts.'8 By extrapolation, it
eity in CS, even though initial studies of a would seem that PTEN mutation negative
group of 12 CS families showed no evidence CS-like families should be at decreased risk of
for heterogeneity."9
developing breast cancer. Unfortunately, this
We have also shown that germline PTEN study was unable to confirm this clinically relmutations account for at least a proportion of evant extrapolation. We can conclude, howBRR, which is characterised by macrocephaly, ever, that in the majority of cases, germline
lipomatosis, thyroid dysfunction, hamartoma- PTEN mutations lead specifically to a CS or
tous polyps of the gastrointestinal tract, and BRR phenotype and that the phenotype of
pigmented macules of the glans penis, but CS-like families is, for the most part, caused by
without a known predisposition to breast and unknown mechanisms.
thyroid cancer."8 38 How mutations in a single
gene, at times identical,'8 38 can function to
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Specifically, the leucine residue at codon 70
that is altered by this T to C point mutation
(L70P) is conserved in both bovine auxilin and
chicken tensin.'4 Thus, it is possible that this
mutation may be affecting the phosphatase
function of this protein, as one may predict if
this putative splice site mutation leads to a
truncated protein, and may also function to
disrupt normal cellular motility and cell-cell
interactions.
Whether germline PTEN mutations are
associated with CS and related inherited
hamartoma syndromes (Bannayan-RuvalcabaRiley syndrome, (BRR, MIM 153480) and
juvenile polyposis syndrome (JPS, MIM
174900)), as well as syndromes comprising
partial CS phenotypes, is largely unknown.
Before the identification of PTEN as the CS
gene, it was not inconceivable that the three
related hamartoma syndromes and CS-like
syndromes were all associated with different
mutations in a single gene. We have shown that
germline PTEN mutations are associated with
the great majority, approximately 80%, of classical CS families.7 18 Nelen et al" identified
PTEN mutations in 47% of CS cases studied.
One other study of 23 CS families identified
only 13% of families with germline PTEN
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