
sites. Even through the use of large YAC constructs, we
know that not all the components necessary for regulation
of transcription have been identified, nor will they be found
in proximity to the coding region for the gene of interest.
c-MYC is no exception in that deregulation can occur in
conjunction with chromosomal translocations located as
far downstream as the PVT locus (260 kb distant to
c-MYC). Thus, we have attempted to identify alleles of
c-MYC and to compare rates of transcription in a search for
controlling regulatory elements in c-MYC. Through the
identification of CAA-33, S11N, and S288K alleles, we can
begin the process of systematic classification of c-MYC
expression and predisposition to disease.
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E-cadherin is not frequently mutated in
hereditary gastric cancer

EDITOR—Inherited mutations in the E-cadherin gene
(CDH1) were first described in three Maori kindreds with
early onset, diVuse, familial gastric cancer.1 More recently,
this finding has been confirmed in other populations2–7 and
this dominantly inherited familial cancer syndrome has
been designated a hereditary diVuse gastric cancer
(HDGC).4 So far, no germline mutations have been iden-
tified in site specific intestinal type gastric cancer. Based on
the guidelines of the First Workshop of the International
Gastric Cancer Linkage Consortium (IGCLC), the

following criteria were introduced: (1) two or more docu-
mented cases of diVuse gastric cancer in first/second
degree relatives, with at least one diagnosed before the age
of 50 or (2) three or more cases of documented diVuse
gastric cancer in first/second degree relatives, independ-
ently of age of onset. In addition, criteria for familial intes-
tinal gastric cancer (FIGC) were defined.8

In the present study, we analysed 11 Finnish gastric can-
cer patients with a family history of disease and two
sporadic cases with germline E-cadherin gene mutations
(table 1, fig 1). None of these families completely fulfilled
the criteria for other inherited cancer syndromes with
predisposition to gastric cancer, for example, hereditary
non-polyposis colorectal syndrome (HNPCC), familial
adenomatous polyposis (FAP), Peutz-Jeghers syndrome, or

Table 1 Features of the families studied

Family
No of gastric
cancer cases

Age of onset and histological subtype
(ddiVuse, iintestinal, uunknown) Other cancer types

1 7 33d, 39u, 40d, 55d, 66d, 68d, 75d Br*, Bla + Ov, Pro+Bas, Un
2 2 40d, 42d Ski + Pan, Lu
3 3 37d, 55d, 57i Br, Mel, Sar, Un
4 2 36d, 63u —
5 2 39d, 67d Bas, CRC
6 6 41u, 42d, 50u, 71u, 71i, 75 u Br, Br, Leu† , Pan, Sar, Liv
7 1 56u Thy, Pan, Br, CRC
8 1 42d Lu, Kid
9 2 67d, 68d Kid, Ut, Bas + Pro, Lu, Ov, Pan+Lu, Leu, Skin, Liv
10 2 27d, 54d —
11 3 32u, 64d, Unu CRC‡, Lip
12 3 61u, 70u, 76d CRC, Pan
13 7 45 i, 53i, 53i, 55 i, 56u, 65 d, 68 u Bas, Lip§, Lu, Un, Un

*Gastric and breast cancer; †gastric cancer and leukaemia; ‡gastric and colon cancer; §gastric and lip cancer.
Bas, basalioma; Bla, bladder cancer; Br, breast cancer; CRC, colorectal cancer; Kid, kidney cancer; Leu, leukaemia; Lip, lip cancer;
Liv, liver cancer; Lu, lung cancer; Mel, melanoma; Ov, ovarian cancer; Pan, pancreatic cancer; Pro, prostate cancer; Sar, sarcoma;
Ski, skin cancer; Thy, thyroid cancer; Un, unknown; Ut, uterine cancer.
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Li-Fraumeni syndrome (LFS).8 9 Five of the families stud-
ied fulfilled the criteria for HDGC syndrome (table 1, fig 1,
Nos 1-3, 5, and 10) and five families included two or more
cases of gastric cancer (one of which was confirmed to be
of diVuse type) (table 1, fig 1, Nos 4, 6, 9, 11, and 12).
Family 13 included four intestinal type gastric cancer cases
and therefore seems to belong to FIGC. However, one of
the patients in this family had diVuse type carcinoma. In
addition to gastric cancer, 11 families also displayed other
cancer types.

E-cadherin mutation analysis was performed by genomic
sequencing of the 16 coding exons including exon/intron
boundaries. DNA from one patient with gastric cancer

from each of the families was isolated according to stand-
ard procedures. Exons were amplified using primers
described by Berx et al,10 except exons 4 and 5, which were
amplified as described in Gayther et al.2 The reactions were
carried out in a 50 µl reaction volume containing 100 ng of
genomic DNA, PCR buVer (PE/ABI, Foster City, CA),
200 µmol/l each dNTP (Finnzymes, Espoo, Finland), 0.6
µmol/l each primer, and 1 unit AmpliTaq GOLD polymer-
ase (PE/ABI). The concentrations of MgCl2 in the reaction
mixture were as described by Berx et al,10 except that for
exon 6 the concentration of MgCl2 was 1.5 mmol/l and for
exon 1 DMSO (5%) was included in the reaction mixture.
PCR reactions were carried out as described in Berx et al10

Figure 1 Pedigrees of gastric cancer families. Patients analysed in this study are marked by an asterisk. An arrow depicts
the person carrying the P172R change (family 1). Bas, basalioma; Bla, bladder cancer; Br, breast cancer; CRC, colorectal
cancer; Ga, gastric cancer; Kid, kidney cancer; Leu, leukaemia; Lip, lip cancer; Liv, liver cancer; Lu, lung cancer; Mel,
melanoma; Ov, ovarian cancer; Pan, pancreas cancer; Pro, prostate cancer; Sar, sarcoma; Ski, skin cancer; Thy, thyroid
cancer; Un, unknown; Ut, uterine cancer. The age at diagnosis, when known, is shown in parentheses.
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with the following changes: annealing temperature for exon
2 was 54°C, for exon 6 56°C, for exon 8 54°C, and for exon
13 57°C. Sequencing reactions containing 40 ng of the
PCR product with 3.2 pmol of the sequencing primer in a
volume of 12 µl were performed using ABI Prism Dye Ter-
minator Cycle Sequencing Ready Reaction Kit (Perkin-
Elmer, Foster City, CA) or ABI Big Dye Terminator Kit
(Perkin-Elmer, Foster City, CA) according to the manufac-
turer’s instructions. Sequencing reactions were electro-
phoresed either on 6% Long Ranger gels, containing 8
mol/l urea, or 5% Long Ranger gels, containing 6 mol/l
urea, and analysed on an Applied Biosystems model 373A
or 377 automated DNA sequencers, respectively.

Exons 1 and 4 were amplified as described above and
analysed using SSCP from 84 and 212 cancer free controls,
respectively. After PCR, 5 µl of each sample was mixed with
5 µl of denaturing loading buVer (95% formamide, 20
mmol/l EDTA, 0.05% bromphenol blue, 0.05% xylene
cyanole FF), denaturated for five minutes at 94°C and
loaded into a 0.4 mm × 30 cm × 45 cm gel. Electrophore-
sis was performed for exon 1 using gels containing 0.5 ×
MDE solution (AT Biochem, Malvern, PA) and 0.6 × TBE
buVer and were run at 4 W for 20 hours. Exon 4 was ana-
lysed using 1 × MDE solution and 2.5 mol/l urea at 6 W for
14.5 hours. The gels were silver stained according to
standard procedures.

We detected one potential missense mutation in the cod-
ing E-cadherin gene sequence (table 1, fig 1, No 1). A C to G
change occurred in codon 172 in exon 4 resulting in substi-
tution of proline by arginine (P172R) (fig 2A). This family
contains seven gastric cancer cases in three diVerent genera-
tions. Three of the aVected subjects had gastric cancer under
50 years of age (33, 39, and 40 years). One of them also had
ductal breast cancer. In addition, one patient with both
bladder and ovarian cancer and another with prostate cancer
and basalioma were found in this family. To investigate the
segregation of this missense type change in the family, we
screened two additional family members with gastric cancer
(fig 1). DNA from paraYn embedded tissues was isolated
according to standard procedures and mutation analysis was
performed as described above. However, neither of them
carried the P172R change. One of the patients studied was
the mother of the mutation carrier. The father of this patient
died at the age of 94 years and was cancer free. This change
was also absent in 212 control samples from cancer free
subjects, as screened by SSCP analysis (fig 2B). The change
appears to be a rare polymorphism.

Four additional polymorphisms of the E-cadherin gene
were found in this series of gastric cancer patients. A C to
T silent change in codon 692 (from alanine to alanine)
occurred in eight of 13 (61.5%) gastric cancer patients. A
C to T change in codon 751, resulting in aspartate substi-
tution by asparagine, was detected in three of 13 (23%)
patients. These two polymorphisms have been previously
reported.10 11 A C to G change was found before the start
codon (−71 bp) in the non-coding region in one of 13
(7.7%) gastric cancer patients and in two of 51 (3.9%)
cancer free controls. A T to C change at position +6 in
intron 1 occurred in five of 13 (38%) gastric cancer
patients and in 18 of 51 (35%) cancer free controls.

So far, altogether 14 truncating E-cadherin germline
mutations have been detected in gastric cancer patients.8 A
few putative missense germline mutations have been
reported but their functional significance has not been
tested.1 6 7 In the sporadic type of cancer there seems to be a
cluster of mutations between exons 7 and 9 whereas germ-
line mutations are more evenly distributed.8 11 A novel mis-
sense type change, P172R, found in this study is located in
exon 4 which encodes a large extracellular domain with
Ca2+ binding motifs (exons 4-13).10 Based on the segrega-

tion of the mutation in aVected cases in this particular fam-
ily, it seems that this change is not a pathogenic mutation. It
seems to be a very rare polymorphism because none of the
212 cancer free controls carries this change. This finding is
interesting because altogether seven gastric cancer cases
were found in this family. Caldas et al8 have suggested that
E-cadherin should account for 25% of the families fulfilling
the established criteria for HDGC. However, PCR based
screening methods used in this study do not allow detection
of all mutation types, for example, large deletions.

Our results support the notion that germline mutations
in the E-cadherin gene are responsible for only a subset of
gastric cancer patients with a family history of the disease.
In our study, no mutations were found in 13 gastric cancer
probands. Five of the families studied fulfil the criteria for
HDGC and one for FIGC. Our data suggest that for the
purpose of eYcient E-cadherin mutation detection, there
may be a need for more stringent criteria for HDGC, such
as requiring three aVected subjects as is common in
research on familial breast and colon cancer. However, our
data set is limited. Loose inclusion criteria should encour-
age collection of gastric cancer families. This is important,
because further work is necessary to identify predisposing
gene(s) for a subset of HDGC families, as well as families
segregating intestinal gastric cancer.
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Figure 2 (A) Direct sequencing shows a
heterozygous C→G change (P172R, see
arrow). (B) SSCP analysis of the P172R
change. A positive control (lane 4) was included
in all SSCP runs.
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The spectrum and evolution of
phenotypic findings in PTEN mutation
positive cases of
Bannayan-Riley-Ruvalcaba syndrome

EDITOR—Bannayan-Riley-Ruvalcaba syndrome (BRRS) is
an autosomal dominant condition which includes the fea-
tures of macrocephaly, hyperpigmented penile macules,
and hamartomatous tumours, including lipomas, haeman-
giomas, and gastrointestinal polyps.1–4 In 1996, it was rec-
ognised that BRRS shared features with Cowden syn-
drome, another autosomal dominant condition with
multiple hamartomas.5 Cowden syndrome is characterised
by trichilemmomas (small, benign hair follicle tumours),
oral papillomas, intestinal polyps, and increased frequency
of breast and thyroid cancers in aVected subjects.6 Germ-
line mutations in the PTEN gene (phosphatase and tensin
homologue deleted on chromosome 10), a gene associated
with somatic deletion in a number of cancer cell lines and
some primary tumours, were identified in families with
Cowden disease the following year.7–10 At the same time,
mutations in the PTEN gene were identified in several
BRRS families,11 providing evidence that these conditions
are allelic. Identical mutations have been identified in some
families with Cowden syndrome and in others with
BRRS.12 In addition, families whose members have
overlapping features of both conditions have been
identified.13 14 However, publications on BRRS provide lit-
tle clinical information on the natural history and progres-
sion of this condition. Here we review our experience fol-
lowing 10 subjects in three families with BRRS and PTEN
mutations. The criteria for ascertainment were at least one
aVected person in a family with at least two of the three
features of macrocephaly, hamartomas (including at least
one lipoma, haemangioma, or intestinal polyp), and penile
macules in males. AVected subjects were found to have
germline PTEN mutations by DNA analysis.12 13 15 The
pedigrees of the families are presented in fig 1 and their
clinical features are summarised in table 1.

Family 1 is of Native American descent and has been
followed for six years (fig 1A). The father and four of his
five children are aVected. The proband, III.2, was born at
37 weeks’ gestation after an uneventful pregnancy with
birth length and OFC between the 90th and 97th centiles.
He has been a healthy child but had markedly delayed cog-
nitive development. He sat at 8 months, walked at 16
months, and had only one word at 4 years of age. He has

exhibited autistic behaviour consisting of arm flapping,
head banging, and repetitive and self-stimulatory manner-
isms. Hyperpigmented macules of the penile shaft were
first detected at the age of 7 years 3 months. They had not
been present at 41⁄2 years during a previous evaluation
when the diagnosis of BRRS had been considered based on
the presence of macrocephaly, developmental delay, and a
lipoma on the back. Laboratory evaluations included frag-
ile X testing and karyotype analysis, both of which were
normal. At his most recent evaluation, at the age of 8 years
10 months, he had height and weight measurements on the
95th centile. His OFC was 58.8 cm, on the 98th centile for
an adult male. He had obvious mental retardation, with
very few words and markedly autistic behaviour. His
palpebral fissures were downward slanting.

The proband’s older sister, III.1 in family 1, was 5 years
9 months old at the time this family was first seen. She was
born at ∼37 weeks’ gestation after an uncomplicated preg-
nancy with birth weight 4000 g (>97th centile) and length
50.8 cm (97th centile). She had an isolated, small, left
groin lipoma at the initial evaluation. She sat at 7 months,
walked at 15 months, and exhibited delayed speech
although to a much lesser degree than her brother. At her
most recent evaluation at the age of 9 years 10 months, her
height was between the 75th and 90th centiles, her weight
was on the 75th centile, and her OFC was 57 cm, just less
than the 98th centile for an adult female. She had
downward slanting palpebral fissures, joint hypermobility,
and a high arched palate.

III.3 in family 1 was first evaluated at 3 years. Her birth
history was unavailable. She walked at 18 months and used
a few single words at 3 years. When last evaluated, at the
age of 7 years 1 month, she had height on the 95th centile,
weight greater than the 95th centile, and head circumfer-
ence of 58 cm, greater than the 98th centile for an adult
female. She exhibited mild mental retardation, most nota-
bly speech delay, and had joint hypermobility and a high
arched palate, but did not have any cutaneous manifesta-
tions of BRRS.

III.4 in family 1 (fig 2A) was born at 37 weeks’ gestation
after an uncomplicated pregnancy with a birth weight of
3490 g. Other birth parameters were unavailable. He
walked at 21 months and had three to four words at his first
genetic evaluation at 22 months of age. At his next evalua-
tion, aged 4 years 3 months, he had two small hyperpig-
mented macules involving the penis. He developed seizures
related to hypoglycaemia at the age of 12 months, and had
an extensive metabolic workup that was not informative.
Normal laboratory studies have included electrolytes,
thyroid function tests, insulin, growth hormone, cortisol,
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