
been identified. In fact, attempts to position c-MYC in the
mouse by genetic recombination techniques were ultimately
achieved only when wild mice were backcrossed to inbred
mice.8 Recently, we and others9 have identified several alleles
of human c-MYC (S11N, CAA-33) through single nucle-
otide polymorphism (SNP) analysis of the coding region
among a large random panel of normal healthy subjects of
African-American and white descent.10 Comparisons of the
S11N and CAA-33 alleles to wild type alleles at the RNA
level showed that the CAA-33 allele is transcribed less
eYciently in peripheral blood leucocytes. Although the
nature of this diVerence remains to be elucidated, the finding
that CAA-33 is transcriptionally compromised and is found
almost exclusively in people of African descent underlines
the importance of the genetic background in studies on the
control of c-MYC expression. Thus, studies of allelic diVer-
ences and transcription of human c-MYC will provide useful
paradigms in the attempt to control or regulate c-MYC
expression in normal and disease conditions.

We have considered the possibility that sequence diVer-
ences that exist in the coding region of c-MYC could result
in feedback inhibition of transcription. For example,
somatic point mutations have been found in both BL11 12

and AIDS-NHL13 14 to be clustered in c-MYC exon 2 in the
region responsible for binding of P107 or other factors to
the transactivation domain (TAD).15 16 This suggests that
disruption of binding in this region might lead to a
functional inactivation of c-MYC. Indeed, a substitution at
residue Thr-58 in the TAD of v-Myc in the avian
retroviruses MC29, MH2, and OK10 is known to contrib-
ute to the transformation of fibroblasts.17 While it is
believed that a major consequence of somatic mutation in
c-MYC could be loss of function, it is not clear which resi-
dues are critical.

We wish to report the discovery of a unique sequence
(S288K AGC→AAC) in the coding region of c-MYC
which we have recently found in a North American family
(fig 1). The S288K substitution resides just distal to the
acidic domain and proximal to the nuclear localisation sig-
nal and was detected by PCR amplification and sequencing
of the exon 3 region of human c-MYC. Subsequently, we
developed a single stranded conformational polymorphism
(SSCP) assay for S288K which we have used to survey
panels of normal, healthy, white (around 200), African-
American (around 200), Hispanic (two) and Asian-Pacific
(two) subjects. We were unable to find further evidence of
the S288K allele among these subjects or among disease

panels of AIDS-NHL (around 200), BL (around 40), MM
(around 20), small cell lung carcinoma (around 25), or
neuroblastoma/neurocytoma (around 60). Thus, S288K
appears to be the lowest frequency MYC variant allele
identified to date in the North American population. To
learn more about the origin of the S288K allele, we
obtained peripheral blood samples from the North Ameri-
can family of the proband and we have concluded that the
father (No 557) and a daughter (No 554) are heterozygous
carriers and present with no apparent phenotypic abnor-
malities. The family is white with a largely western
European background and no apparent predisposition to
the development of cancer or other metabolic diseases. We
have compared expression of the S288K allele to the wild
type allele by SSCP and RT-PCR amplification of RNA
made from peripheral blood (fig 1). We find that S288K is
expressed at extremely low levels or not at all in either sub-
ject and this result has been confirmed by sequencing indi-
vidual subclones (13 in total) of RT-PCR amplified RNA
from No 554 (a ratio of 12:1 subclones for codon 288 K:S).

We present two hypotheses to explain the compromised
expression of S288K in comparison to wild type. The
conformational change associated with a serine to lysine
change at codon 288 could abrogate binding of a transcrip-
tion factor and lead to repression of c-MYC. In fact, the
transcription factor YY1 which acts to down regulate
c-MYC expression through both direct18 and indirect
eVects19 is known to bind in the proximity of this region.20 An
alternative hypothesis is that S288K carries additional
sequence diVerences in the 5' untranslated region which
aVect transcription. We cannot distinguish between these
alternatives until more detailed cloning and sequencing is
accomplished. Nevertheless, S288K represents the second
instance of an allele of c-MYC (in addition to CAA-33) in
which transcription is less robust in comparison to wild type.

Numerous reports of an L-MYC polymorphism have
been linked to disease susceptibility in soft tissue sarcomas,
oral cancers, colorectal cancers, NHL, breast carcinoma,
and non-SCLC, whereas the same alleles seem to be asso-
ciated with resistance to hepatocellular carcinoma.21 22 The
reason for this apparent paradox can be attributed to a
basic lack of quantitative expression data for L-MYC alle-
les at the RNA or protein level in tumour versus normal
tissue.3 Understanding gene expression today has pro-
gressed from studies of the 5' untranslated/promoter
regions to include large constructs of enhancers, matrix
attachment regions, locus control regions, and methylation

Figure 1 Family pedigree for the S288K variant. (Left) Pedigree shows the distribution of the wild type allele (grey) and
the S288K allele (black). Subjects 554 (proband) and 557 correspond to the aVected daughter and father, respectively.
(Right) The SSCP assay of genomic DNA (lane 1, 554, lane 2, 556, and lane 3, 557) and peripheral blood RNA from
554 (lane 4). Arrows depict wild type alleles (grey) and S288K specific alleles (black).

556 557

554 563 566

554 556 557 554

1 2 3 4

48 Letters

www.jmedgenet.com

http://jmg.bmj.com


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.

ATTTCCTAAA

B

A

1 2

140

3 4 5

Letters 51

www.jmedgenet.com

http://jmg.bmj.com


1 Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N, Harawira P,
Taite H, Scoular R, Miller A, Reeve AE. E-cadherin germline mutations in
familial gastric cancer. Nature 1998;392:402-5.

2 Gayther SA, Gorringe KL, Ramus SJ, Huntsman D, Roviello F, Grehan N,
Machado JC, Pinto E, Seruca R, Halling K, MacLeod P, Powell SM, Jack-
son CE, Ponder BAJ, Caldas C. Identification of germline E-cadherin
mutations in gastric cancer families of European origin. Cancer Res
1998;58:4086-9.

3 Richards FM, McKee SA, Rajpar MH, Cole TRP, Evans DGR, Jankowski
JA, McKeown C, Sanders SA, Maher ER. Germline E-cadherin gene
(CDH1) mutations predispose to familial gastric cancer and colorectal
cancer. Hum Mol Genet 1999;8:607-10.

4 Guilford PJ, Hopkins JB, Grady WM, Markowitz SD, Willis J, Lynch H,
Rajput A, Wiesner GL, Lindor NM, Burgart LJ, Toro TT, Lee D, Limacher
JM, Shaw DW, Findlay MPN, Reeve AE. E-cadherin germline mutations
define an inherited cancer syndrome dominated by diVuse gastric cancer.
Hum Mutat 1999;14:249-55.

5 Keller G, Vogelsang H, Becker I, Hutter J, Ott K, Candidus S, Grundei T,
Becker K-F, Mueller J, Siewert JR, Höfler H. DiVuse type gastric and lobu-
lar breast carcinoma in a familial gastric cancer patient with an E-cadherin
germline mutation. Am J Pathol 1999;155:337-42.

6 Yoon KA, Ku JL, Yang HK, Kim WH, Park SY, Park JG. Germline
mutations of E-cadherin gene in Korean familial gastric cancer patients.
Am J Hum Genet 1999;44:177-80.

7 Shinmura K, Kohno T, Takahashi M, Sasaki A, Ochiai A, Guilford P,
Hunter A, Reeve AE, Sugimura H, Yamaguchi N, Yokota J. Familial gastric
cancer: clinicopathological characteristics, RER phenotype and germline
p53 and E-cadherin mutations. Carcinogenesis 1999;20:1127-31.

8 Caldas C, Carneiro F, Lynch HT, Yokota J, Wiesner GL, Powell SM, Lewis
FR, Huntsman DG, Pharoah PDP, Jankowski JA, MacLeod P, Vogelsang
H, Keller G, Park KGM, Richards FM, Maher ER, Gayther SA, Oliveira C,
Grehan N, Wight D, Seruca R, Roviello F, Ponder BAJ, Jacson CE. Famil-
ial gastric cancer: overview and guidelines for management. J Med Genet
1999;36:873-80.

9 Vogelstein B, Kinzler KW. The genetic basis of human cancer. New York:
McGraw-Hill, 1998.

10 Berx G, Cleton-Jansen AM, Nollet F, de Leeuw WJF, van de Vijver MJ,
Cornelisse C, van Roy F. E-cadherin is a tumour/invasion suppressor gene
mutated in human lobular breast cancers. EMBO J 1995;14:6107-15.

11 Berx G, Becker K-F, Höfler H, van Roy F. Mutations of the human
E-cadherin (CDH1) gene. Hum Mutat 1998;12:226-37.

J Med Genet 2001;38:52–58

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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lactate, carnitine (urine and plasma), urine organic acids,
and plasma amino acids. He has a history of ketonuria
associated with hypoglycaemia. A muscle biopsy was
normal, without evidence of lipid myopathy, although the
muscle carnitine levels were somewhat low and he is being
treated with oral carnitine. A cranial MRI performed at 3
years 8 months and repeated two years later showed
normal ventricles and patchy increased T2 signal in the
deep and subcortical white matter of both occipital lobes
with prominent perivascular spaces. His EEG was
abnormal, with diVuse slowing and epileptiform discharges
over both occipital lobes. When last evaluated at the age of
7 years 2 months, he had height and weight both above the
95th centile and an OFC of 58.2 cm (98th centile for an
adult male). He had four visible macules on the shaft of the
penis. His back was hirsute. He continued to exhibit global
developmental delay and had joint hypermobility and a
high arched palate.

The proband’s father, II.5 in family 1, has had learning
diYculties and macrocephaly (fig 2B). He was reportedly a
large infant. He has multiple hyperpigmented macules on
his penis. At the age of 28, he had a thyroidectomy for goi-
tre. Pathological examination showed adenomatous nodu-
lar hyperplasia without evidence of carcinoma. At the last
evaluation aged 29 years, his height was on the 50th centile,
weight was just greater than the 95th centile, and OFC was

64.2 cm, much greater than the 98th centile. He was
hirsute and had a high arched palate.

III.5, the youngest child in family 1, is normocephalic,
without hamartomas or penile macules. When last
evaluated at the age of 3 years 9 months, his height and
weight were between the 75th and 90th centiles and his
OFC was 52 cm (80th centile). He had mild joint
hypermobility and a normal palate. He has had normal
development. In this family, there has not been any docu-
mented breast or thyroid cancer, nor gastrointestinal
polyps, although formal endoscopy has not been per-
formed. The father’s sibs and parents were unavailable for
evaluation.

Family 2 is of Dutch and other European extraction (fig
1B). The proband, III.1, has been followed for three years.
He was initially evaluated for macrocephaly, speech delay,
and a family history of Cowden syndrome. Born at term,
his birth weight was on the 90th centile and birth length
was between the 10th and 50th centiles. Because of a large
head and a birthmark along the spine, he had a head CT
scan which showed megalencephaly without hydrocepha-
lus, and an MRI of the lumbar spine was normal. When
evaluated at the age of 10 months, he had normal develop-
ment, macrocephaly, and a lipomatous vascular malforma-
tion in the lumbar spine region. When evaluated at 3 years
2 months, he had a broad forehead, a fleshy vascular mal-

Figure 1 Pedigree of (A) family 1, (B) family 2, and (C) family 3. MR/DD indicates mental retardation/developmental delay. MVA = motor vehicle
accident. IDDM = insulin dependent diabetes mellitus.
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formation measuring ∼3 × 4 cm, located above the gluteal
cleft (fig 3), and several small café au lait macules. He had
delayed motor development, and had a vocabulary of only
five to ten words. There were no hyperpigmented penile
macules. Normal laboratory studies included thyroid pro-
file, growth hormone levels, and karyotype. A cranial MRI
at 3 years 9 months showed a small left frontal venous mal-
formation and evidence of mild prominence of the perivas-
cular spaces. At 3 years 10 months, his height and weight
were above the 95th centiles, with an OFC of 59 cm (>98th
centile for an adult male). There were no penile macules.

II.5 in family 2, the proband’s father, has had
macrocephaly, multiple lipomas, and learning problems.
His birth weight was between the 10th and 50th centiles
and the delivery was complicated owing to large head size.
At the age of 11 years 11 months, he was documented to
have an OFC of 60.2 cm (>98th centile for an adult male),
with weight on the 75th and height on the 90th centiles. He
had undergone several surgical resections of subcutaneous
lipomas. A head CT scan was normal. He exhibited
delayed motor and cognitive skills with intelligence in the
borderline range (IQ 77-79). He developed a goitre in his
teenage years and underwent thyroidectomy at the age of
26 for papillary carcinoma. He was later found to have
benign polyposis during evaluation for gastrointestinal
complaints. Based on the presence of facial skin papules, he
was tentatively given the diagnosis of Cowden syndrome,
although the biopsy was not confirmatory for trichilemmo-
mas. We have no information regarding penile macules
because he was not examined for this finding and is
unavailable for evaluation.

Other contributory history for family 2 is a report of
gastrointestinal polyps in I.1, the proband’s paternal
grandfather. He did not have thyroid or learning problems.

Family 3 is of predominantly European extraction and
has been followed in the genetics clinic for three years (fig
1C). The proband, III.1 (fig 4A, B), was born at 36 weeks’
gestation by caesarean section for fetal macrocephaly with
birth weight 3630 g (97th centile). At the age of 4 months,
his OFC measured 45 cm (>98th centile) with weight and
height on the 25th centile. He had a generalised seizure

disorder, with normal EEG and MRI as an infant (except
for macrocephaly), episodic ketotic hypoglycaemia, and a
history of hypotonia. Motor milestones were moderately
delayed with crawling at 17 months and walking at 18
months, and he had language impairment with more severe
expressive than receptive delays. When first evaluated in
the genetics clinic aged 2 years 4 months, he was noted to
have macrocephaly with mild frontal bossing but no
dysmorphic facial features. His skin examination was nota-
ble for three café au lait macules on his trunk, only one
measuring greater than 0.5 cm in diameter, as well as a left
preauricular telangiectasia from an involuted capillary
haemangioma. No lipomas or penile macules were identi-
fied. At his most recent evaluation, aged 5 years 2 months,
his height was between the 50th and 75th centiles, weight
between the 90th and 95th centiles, and OFC measured
60.2 cm (>98th centile for an adult male). Other findings
included a high arched palate, joint hypermobility, and
broad thumbs and big toes, but no penile hyperpigmenta-
tion. He had speech articulation problems. A karyotype
study was normal.

The proband’s maternal half brother, III.2 in family 3
(fig 4A, B), whose father is of probable African-American
extraction, was born at 37.5 weeks’ gestation by repeat
caesarean section. Prenatally detected macrocephaly
prompted amniocentesis, which showed a normal karyo-
type. Birth weight was 3940 g (97th centile) and length was
53.5 cm (just greater than the 97th centile). OFC was not
available. He had a normal newborn course but was evalu-
ated at 6 months for hypotonia and motor delay. At 71⁄2
months, he was noted to have height and weight on the
50th centile but OFC measuring 51 cm (>98th centile).
During genetic evaluation at 10 months, he had macro-
cephaly, frontal bossing, midface hypoplasia, hypotonia,
and joint laxity. DiVuse hyperpigmentation of the penis was

Table 1 Clinical features of BRRS patients

Family 1 Family 2 Family 3 Total (%)

Male:female ratio 3:2 2:0 2:1 7:3
Primary selection criteria for BRRS
Macrocephaly 5/5 2/2 3/3 10/10 (100)
Penile macules* 3/3 males 0/1 males 1/2 males 4/6 (67)
Hamartomata* 2/5 2/2 0/2 4/9 (44)

Lipomas 2 1 0 3
Haemangiomas 0 1 0 1

Known features of BRRS/Cowden
MR/DD 5/5 2/2 3/3 10/10 (100)

Motor delay* 4 1 2 7
Speech delay* 4 1 1 6

Thyroid abnormalities* 1/5 1/2 0/2 2/9 (22)
GI polyps* 0/5 1/2 0/2 1/9 (11)
Facial papules* 0/5 1/2 0/2 1/9 (11)
Other findings
High arched palate* 5/5 1/1 2/2 8/8 (100)
Overgrowth 5/5 1/2 2/2 8/9 (89)

Prenatal*† 2 1 2 5
Postnatal 3 1 0 4

Joint hypermobility* 5/5 0/1 2/2 7/8 (88)
Hypotonia* 2/5 1/1 2/2 5/8 (63)
Frontal bossing* 0/5 1/1 2/2 3/8 (38)
Hypoglycaemic episodes* 1/5 0/1 2/3 3/9 (33)
Seizures 1/5 0/2 2/3 3/10 (30)
Downsl palp fissures* 2/5 0/1 0/2 2/8 (25)
Broad thumbs/big toes* 0/5 0/1 2/2 2/8 (25)
Café au lait macules* 1/5 1/1 1/2 3/8 (38)

MR/DD = mental retardation/developmental delay.
Downsl palp fissures = downward slanting palpebral fissures.
*An aVected parent(s) from families 1, 2, and/or 3 was unavailable for
assessment of these features and is not included in the total.
†Birth weight or length greater than 95th centile; birth parameters not available
for several members of family 1.

Figure 2 Features of BRRS in family 1. (A) Macrocephaly but
otherwise normal cranial configuration of III.4. (B) The father (II.5) also
has macrocephaly.
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noted. At his most recent evaluation, at 3 years 7 months,
his growth parameters included height on the 50th-75th
centile, weight on the 90th centile, and OFC of 59.8 cm
(>98th for adult male). Four discrete hyperpigmented
macules were identified on the penile shaft and two on the
scrotum. He had mild hypotonia and joint hypermobility,
as well as a high arched palate. In spite of mild motor delay,
he has had normal language acquisition and has not quali-
fied for special education programmes.

The biological mother of the two boys (II.6 in family 3)
has not been available for evaluation and has not been their
caregiver owing to concerns of neglect. She is reported to
have an OFC of 63 cm (much greater than the 98th centile
for an adult female) and a history of childhood seizures,
hypoglycaemic episodes, and developmental disabilities. Of
her four full brothers, two are reported to have macro-
cephaly, one with hydrocephalus and an Arnold-Chiari
malformation (II.3). The proband’s maternal grandfather
(I.1) reportedly had macrocephaly and diabetes and died
aged 36 in a car accident. There are no reports of breast or
thyroid cancer or gastrointestinal polyps in this family,
although endoscopy has not been performed.

Molecular analysis was performed on genomic DNA
extracted from peripheral blood leucocytes as previously
described.12 15 In family 1, a germline heterozygous
nonsense mutation in the PTEN gene was identified at
codon 130 leading to premature termination of the protein
(R130X) within the highly conserved phosphatase domain.
The father and four aVected children carried the R130X
mutation, which was not present in the youngest
unaVected child, III.5. In family 2, blood was obtained for
PTEN mutational analysis on the proband and his
unaVected mother, and a mutation was identified in the
proband at position 5 in intron 6 (IVS6+5G→T). His
mother did not share this allele. In family 3, only the
proband and his half brother were available for testing. A
mutation in the PTEN gene at position 5 in intron 6
(IVS6+5G→A) was detected in one allele from each of the
two boys. This specific mutation has not been previously
described. The mutations in families 2 and 3 are likely to
lead to aberrant RNA splicing and a truncated protein
product.

In identifying our families with BRRS, we focused on
subjects possessing at least two of the three features of

Figure 3 Lipomatous vascular malformation on the back of proband (III.1) in family 2.

Figure 4 Features of BRRS in family 3. (A) Body habitus of aVected boys III.2 (left) and III.1 (right). (B) Macrocephaly
in the same two boys.
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macrocephaly, hamartomas, and penile macules, criteria
which have been used to ascertain BRRS patients for
molecular studies.11 13 It has been suggested that the mere
presence of macrocephaly/macrosomia and developmental
delay, without hamartomata or penile macules, should
warrant further evaluation for PTEN mutations.16 In fact,
macrocephaly has been the most consistent finding in
BRRS in numerous reviews17–19 and was present in all of our
aVected subjects. The macrocephaly consists of megalen-
cephaly without ventricular dilatation and is generally
present at birth.20 We were surprised by the degree of mac-
rocephaly in all aVected members of family 1, with head
circumference measurements greater than the 98th centile
for age, in the absence of facial dysmorphism or other dis-
tinguishing cranial features such as frontal bossing.
Presumably, the overall large body size masked the dispro-
portionately large head size in these subjects. Families 2
and 3 also exhibited marked macrocephaly, and the
aVected children had a broad, prominent forehead that has
been previously described in BRRS.21

The broad spectrum of hamartomata is illustrated by
these families. Although family 1 was first brought to medi-
cal attention because of familial macrocephaly and develop-
mental delay, the diagnosis of BRRS was not suspected until
single lipomas were identified in two of the four aVected
children. As the children have grown, these lipomas have
become less visible. None of the members in family 1 has
been evaluated for gastrointestinal polyposis and symptoms
such as intestinal bleeding or chronic abdominal pain have
not been reported. The father in family 2 had several classi-
cal tumours of BRRS, including multiple lipomas evident by
his teens and intestinal polyps. His young son had only a
vascular malformation along the lumbar spine. In contrast,
the aVected boys in family 3 have had no obvious
hamartomata. These cases illustrate the importance of a
thorough skin examination at each evaluation of a child with
macrocephaly, although the absence of dermatological
abnormalities does not exclude the diagnosis.

Penile macules are perhaps the most distinctive and
potentially valuable diagnostic feature of this syndrome.
This is shown by family 1, in which penile macules were
important in establishing the diagnosis and were not iden-
tified in the oldest son (III.2) at the age of 41⁄2 years but
were seen at 7 years 3 months. His younger brother had two
very small hyperpigmented macules identified at the age of
41⁄2 years and four small penile macules by 7 years 2
months. Only one of the two aVected half brothers in fam-
ily 3 had penile macules, which were first visualised
between the ages of 21⁄2 and 31⁄2 years, although
generalised penile hyperpigmentation was seen in infancy.
He is of mixed racial heritage, with an African-American
father, which may increase the likelihood of pigmentation,
since his fully white older brother with the identical muta-
tion did not have penile macules. The penile macules
detected in all of the children were very small pigmentary
changes that might be missed during a cursory examina-
tion and were far less obvious than many published photo-
graphs.5 18 We conclude that speckling of the penis is more
likely to occur in later childhood, and its absence in infants
and toddlers should not exclude consideration of the diag-
nosis of BRRS.

Mental retardation has been a feature in case reports of
BRRS22 and has been reported in 15-20% of aVected sub-
jects in two previous surveys.17 20 More common are motor
and speech delays occurring in childhood in approximately
50% of patients. These delays are reported to improve with
age in many cases,18 and adults are often described as hav-
ing motor dysfunction with normal IQ.20 In our families, all
aVected subjects had some degree of learning impairment.
In family 1, the degree of cognitive disability was highly

variable, with the father exhibiting the mildest learning
problems. All of his aVected children were in special edu-
cation programmes, and the two aVected sons had the
greatest impairment, with the oldest son at the age of 9
years showing autistic behaviour and minimal expressive
language. To our knowledge, autism has not been
described previously in this condition. The second family
had two aVected males with learning problems; the father
had borderline intelligence on repeated testing and his son
had significant global delay and behavioural problems. The
aVected children in both of these families appeared to have
more severe cognitive impairment than their parents, a
phenomenon which has been described in other families
with BRRS or Cowden syndrome.14 23 24 In family 3, both
children exhibited motor and speech delay, although the
oldest son was more severely aVected; their mother was
reported to have developmental disabilities as well. The
true prevalence of mental retardation in this disorder
remains to be established, but for those children suspected
of carrying this diagnosis, developmental assessments and
appropriate therapeutic interventions are important as-
pects of care.

Based on the clinical features in these aVected subjects,
summarised in table 1, we suggest that some “soft” clinical
signs may aid in diagnosis when a young child exhibits
macrocephaly and learning delay but may not have devel-
oped hamartomata or, if male, penile macules. One of these
features is a high arched palate, which has been identified
in 56-70% of BRRS patients in other surveys17 20 25 and was
identified in all of our patients. Overgrowth, of either pre-
natal or postnatal onset, is a feature exhibited by almost
90% of our cohort. Approximately 50% of newborns with
BRRS have been reported to have large birth weight and
length, with subsequent postnatal growth deceleration
resulting in normal growth parameters by adulthood.18 20

As newborns, five of the patients were macrosomic, with
either birth weight or length greater than the 95th centile.
Three of the aVected children in family 1 have exhibited
postnatal overgrowth, as has the aVected boy in family 2.
The father and oldest daughter in family 1 now have nor-
mal height and weight, suggesting that the overgrowth
resolves by adulthood and perhaps puberty. Since the dis-
turbance in growth velocity appears to be age dependent, it
may not be appreciated without following growth curves
over time. Other findings with greater than 50% incidence
in our cohort include joint hypermobility and hypotonia.
Hyperextensibility of joints has been reported in approxi-
mately 50% of patients with BRRS,17 20 25 and hypotonia in
approximately 20%.17 20 These reports also identified
downward slanting palpebral fissures in a majority of their
patients, a finding which was less common in our cohort.
Frontal bossing, hypoglycaemic episodes, seizures, and
café au lait macules were all identified in approximately 1/3
of our patients. The presence of these less specific findings
may support the diagnosis of BRRS.

It has been suggested that BRRS shows a male prepon-
derance, and that this reflects the overall increased
incidence of macrocephaly in males.19 26 In previous
surveys, even before the recognition of penile macules as a
clinical feature of the disorder, ∼70% of identified patients
were male.17 20 In our three families, seven out of 10
subjects at risk for BRRS were male, with six of these males
mutation positive. However, both at risk females in family
1 were also aVected, so we do not have adequate numbers
to draw conclusions regarding this male preponderance.
Since our inclusion of penile macules as a diagnostic crite-
rion may lead to bias in recognising males with this disor-
der, further studies incorporating mutation analysis are
warranted to confirm the observation that more males are
aVected with BRRS. The opposite sex ratio may exist for
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Cowden syndrome, which has been reported to exhibit a
female preponderance.24 27 However, breast cancer is much
more prevalent in females in general, and women may be
more likely to report facial papules because of cosmetic
concerns, so females with Cowden syndrome may be more
readily identified than aVected males. As a consequence of
these sex specific clinical features, the reported ratios in
each disorder may merely reflect ascertainment bias.

PTEN mutations have now been identified in up to 80%
of patients with Cowden syndrome and in up to 60% of
those with BRRS, indicating that they are allelic disor-
ders.7 12 13 15 In several cases, the same PTEN mutation has
been identified in families with a diagnosis of either Cow-
den syndrome or BRRS, and in other cases family
members carrying the same PTEN mutation have diVerent
diagnoses.13 14 23 There is significant overlap between Cow-
den syndrome and BRRS, and two of the features found in
both conditions are macrocephaly and thyroid abnormali-
ties.5 6 18 The father in family 1 had thyroidectomy for
adenomatous nodular changes although he and his
children fit the description of BRRS better than Cowden
syndrome. Family 2 also illustrates the overlap in
phenotypic features of these conditions. The son had the
BRRS findings of macrocephaly, a haemangioma, and
developmental delay, while his father had macrocephaly,
borderline intelligence, and features more consistent with
Cowden syndrome, including GI polyposis, thyroid cancer,
and facial papules. In contrast, family 3 has no distinctive
features usually associated with Cowden syndrome,
although assessment of all at risk subjects has not been
performed and the boys are still quite young. Cowden syn-
drome may be a more likely diagnosis in adolescents or
adults because the cardinal features of GI polyposis and
thyroid and breast carcinomas are of later onset than the
findings of macrocephaly and developmental delay identi-
fied in children diagnosed with BRRS. As we accumulate
more data on these children with PTEN mutations and the
diagnosis of BRRS, they may develop features classically
associated with Cowden syndrome.

Correlations between genotype and phenotype are
beginning to be elucidated for Cowden syndrome and
BRRS, with resulting implications for genetic counselling
for cancer and related health risks. An association between
the presence of a PTEN mutation and the development of
cancer or breast fibroadenomas has been observed in both
BRRS and Cowden syndrome.13 Thus, aVected females in
particular may have an increased risk of breast cancer, and
we have recommended breast cancer surveillance begin-
ning at puberty for the daughters in family 1. Mutations in
the core phosphatase domain are common, and this
domain appears to be a crucial region for the function of
the tumour suppressor.12 13 The PTEN mutation identified
in family 1, R130X, is present in this core motif, and has
been described in other families with either Cowden
syndrome, BRRS, or features that overlap both of these
conditions.12 13 23 The PTEN mutation in family 2 has also
been identified as a somatic mutation in a tumour (C Eng,
unpublished data) and probably results in abnormal RNA
processing with a truncated protein product. Since the
father with overlapping BRRS/Cowden syndrome features
had GI polyposis as well as thyroid cancer in his mid-20s,
we have recommended that the son has an annual manual
thyroid examination as well as thyroid function studies, and
that he seek medical attention for the development of any
breast or neck masses or rectal bleeding. The mutation in
family 3 is at the same intronic position as that in family 2,
although the symptoms appear to be more subtle in the two
half brothers, who are still less than 6 years old. We have
recommended that the same evaluations as those for fam-

ily 2 be oVered to these brothers and their other at risk
family members.

In summary, our three families with PTEN mutation
confirmed BRRS illustrate the phenotypic variability
within family members with this condition and the time
course for the development of some of the manifestations.
Macrocephaly appears to be the most consistent feature in
BRRS, but may not be obvious and requires measurement
and documentation. The natural history of this disorder
suggests that the distinctive finding of penile macules in
males may not appear until mid childhood, and that cogni-
tive impairment, in addition to macrocephaly, may be a
prominent feature of BRRS in many families. We suggest
that postnatal overgrowth during childhood may be
common in this condition, and other features such as high
arched palate, joint hypermobility, and hypotonia may aid
in diagnosis. With the availability of PTEN molecular
analysis, genotype-phenotype correlations may be feasible.
Our cases confirm the observation that the clinical features
of BRRS and Cowden syndrome show significant overlap,
and suggest that until these conditions are better
understood, genetic counselling should include infor-
mation about the risk of developing thyroid and breast
cancers and gastrointestinal polyps for anyone with a
documented PTEN mutation.

We thank the families who participated in this study and genetic counsellors
Susie Ball and Roger Fick, who helped coordinate the evaluations and testing in
these families. We also thank Heather Hampel, genetic counsellor and research
coordinator for the PTEN studies, and X P Zhou for technical assistance. This
research was funded in part by the National Institutes of Health, grant number
5T32GM07454 (MAP), by the American Cancer Society, grant numbers
RPG-97-064-01-VM and RPG 98-211-01-CCE (CE), and by the US Army
Research Medical and Material Command Breast Cancer Research Program,
grant number DAMD17-98-1-8058 (CE).

MELISSA A PARISI*†
MARY BETH DINULOS*

KATHLEEN A LEPPIG*
VIRGINIA P SYBERT‡

CHARIS ENG§
LOUANNE HUDGINS¶

*Division of Genetics and Development, Department of Pediatrics,
Children’s Hospital and Regional Medical Center, PO Box 5371/CH-25,
Seattle, WA 98105-0371, USA
†Division of Medical Genetics, Department of Medicine, University of
Washington, Seattle, WA, USA
‡Division of Dermatology, Department of Medicine, University of
Washington, Seattle, WA, USA
§Clinical Cancer Genetics Program and Human Cancer Genetics
Program, Ohio State University Comprehensive Cancer Center,
Columbus, OH, USA
¶Division of Medical Genetics, Department of Pediatrics, Stanford
University, Stanford, CA, USA

Correspondence to: Dr Parisi, mparisi@u.washington.edu

1 Riley HD, Smith WR. Macrocephaly, pseudopapilledema and multiple
hemangiomata. Pediatrics 1960;26:293-300.

2 Bannayan GA. Lipomatosis, angiomatosis, and macrencephalia. Arch Pathol
1971;92:1-5.

3 Zonana J, Rimoin DL, Davis DC. Macrocephaly with multiple lipomas and
hemangiomas. J Pediatr 1976;89:600-3.

4 Ruvalcaba RHA, Myhre S, Smith DW. Sotos syndrome with intestinal poly-
posis and pigmentary changes of the genitalia. Clin Genet 1980;18:413-16.

5 Fargnoli MC, Orlow SJ, Semel-Concepcion J, Bolognia JL. Clinicopatho-
logic findings in the Bannayan-Riley-Ruvalcaba syndrome. Arch Dermatol
1996;132:1214-18.

6 Eng C. Cowden syndrome. J Genet Couns 1997;6:181-92.
7 Liaw D, Marsh DJ, Li J, Dahia PLM, Wang SI, Zheng Z, Bose S, Call KM,

Tsou HC, Peacocke M, Eng C, Parsons R. Germline mutations of the
PTEN gene in Cowden disease, an inherited breast and thyroid cancer syn-
drome. Nat Genet 1997;16:64-7.

8 Lynch ED, Ostermeyer EA, Lee MK, Arena JF, Ji H, Dann J, Swisshelm K,
Suchard D, MacLeod PM, Kvinnsland S, Gjertsen BT, Heimdal K, Lubs
H, Moller P, King MC. Inherited mutations in PTEN that are associated
with breast cancer, Cowden disease, and juvenile polyposis. Am J Hum
Genet 1997;61:1254-60.

9 Nelen MR, van Staveren WCG, Peeters EAJ, Hassel MB, Gorlin RJ, Hamm
H, Lindboe CF, Fryns JP, Sijmons RH, Woods DG, Mariman ECM, Pad-
berg GW, Kremer H. Germline mutations in the PTEN/MMAC1 gene in
patients with Cowden disease. Hum Mol Genet 1997;6:1383-7.

10 Tsou HC, Teng DHF, Ping XL, Broncolini V, Davis T, Hu R, Xie XX,
Gruener AC, Schrager CA, Christiano AM, Eng C, Steck P, Ott J, Tavtigian
SV, Peacocke M. The role of MMAC1 mutations in early-onset breast
cancer: causative in association with Cowden syndrome and excluded in
BRCA1-negative cases. Am J Hum Genet 1997;61:1036-43.

Letters 57

www.jmedgenet.com

http://jmg.bmj.com


11 Marsh DJ, Dahia PLM, Zheng Z, Liaw D, Parsons R, Gorlin RJ, Eng C.
Germline mutations in PTEN are present in Bannayan-Zonana syndrome.
Nat Genet 1997;16:333-4.

12 Marsh DJ, Coulon V, Lunetta KL, Rocca-Serra P, Dahia PLM, Zheng Z,
Liaw D, Caron S, Duboue B, Lin AY, Richardson AL, Bonnetblanc JM,
Bressieux JM, Cabarrot-Moreau A, Chompret A, Demange L, Eeles RA,
Yahanda AM, Fearon ER, Fricker JP, Gorlin RJ, Hodgson SV, Huson S,
Lacombe D, LePrat F, Odent S, Toulouse C, Olopade OI, Sobol H, Tishler
S, Woods CG, Robinson BG, Weber HC, Parsons R, Peacocke M, Longy
M, Eng C. Mutation spectrum and genotype-phenotype analyses in Cow-
den disease and Bannayan-Zonana syndrome, two hamartoma syndromes
with germline PTEN mutation. Hum Mol Genet 1998;7:507-15.

13 Marsh DJ, Kum JB, Lunetta KL, Bennett MJ, Gorlin RJ, Ahmed SF, Bod-
urtha J, Crowe C, Curtis MA, Dasouki M, Dunn T, Feit H, Geraghty MT,
Graham JM Jr, Hodgson SV, Hunter A, Korf BR, Manchester D, Miesfeldt
S, Murday VA, Nathanson KA, Parisi M, Pober B, Romano C, Tolmie JL,
Trembath R, Winter RM, Zackai EH, Zori RT, Weng LP, Dahia PLM, Eng
C. PTEN mutation spectra and genotype-phenotype correlations in
Bannayan-Riley-Ruvalcaba syndrome suggest a single entity with Cowden
syndrome. Hum Mol Genet 1999;8:1461-72.

14 Celebi JT, Tsou HC, Chen FF, Zhang H, Ping XL, Kezis J, Peacocke M.
Phenotypic findings of Cowden syndrome and Bannayan-Zonana syn-
drome in a family associated with a single germline mutation in PTEN. J
Med Genet 1999;36:360-4.

15 Marsh DJ, Dahia PLM, Caron S, Kum JB, Frayling IM, Tomlinson IPM,
Hughes KS, Eeles RA, Hodgson SV, Murday VA, Houlston R, Eng C.
Germline PTEN mutations in Cowden syndrome-like families. J Med Genet
1998;35:881-5.

16 Longy M, Coulon V, Duboue B, David A, Larregue M, Eng C, Amati P,
Kraimps JL, Bottani A, Lacombe D, Bonneau D. Mutations of PTEN in
patients with Bannayan-Riley-Ruvalcaba phenotype. J Med Genet 1998;35:
886-9.

17 Moretti-Ferreira D, KoiVmann CP, Souza DH, Diament AJ, Wajntal A.
Macrocephaly, multiple lipomas, and hemangiomata (Bannayan-Zonana
syndrome): genetic heterogeneity or autosomal dominant locus with at
least two diVerent allelic forms? Am J Med Genet 1989;34:548-51.

18 Gorlin RJ, Cohen MM, Condon LM, Burke BA. Bannayan-Riley-Ruvalcaba
syndrome. Am J Med Genet 1992;44:307-14.

19 DiLiberti JH. Inherited macrocephaly-hamartoma syndromes. Am J Med
Genet 1998;79:284-90.

20 Miles JH, Zonana J, Mcfarlane J, Aleck KA, Bawle E. Macrocephaly with
hamartomas: Bannayan-Zonana syndrome. Am J Med Genet 1984;19:225-
34.

21 Higginbottom MC, Schultz P. The Bannayan syndrome: an autosomal
dominant disorder consisting of macrocephaly, lipomas, hemangiomas, and
risk for intracranial tumors. Pediatrics 1982;69:632-4.

22 Saul RA, Bley R. Mental retardation in the Bannayan syndrome. Pediatrics
1982;69:642-4.

23 Zori RT, Marsh DJ, Graham GE, Marliss EB, Eng C. Germline PTEN
mutation in a family with Cowden syndrome and Bannayan-Riley-
Ruvalcaba syndrome. Am J Med Genet 1998;80:399-402.

24 Hanssen AMN, Werquin H, Suys E, Fryns JP. Cowden syndrome: report of
a large family with macrocephaly and increased severity of signs in subse-
quent generations. Clin Genet 1993;44:281-6.

25 Hayashi Y, Ohi R, Tomita Y, Chiba T, Matsumoto Y, Chiba T.
Bannayan-Zonana syndrome associated with lipomas, hemangiomas, and
lymphangiomas. J Pediatr Surg 1992;27:722-3.

26 Asch AJ, Myers GJ. Benign familial macrocephaly: report of a family and
review of the literature. Pediatrics 1976;57:535-9.

27 Starink TM, van der Veen JPW, Arwert F, de Waal LP, de Lange GG, Gille
JJP, Eriksson AW. The Cowden syndrome: a clinical genetic study in 21
patients. Clin Genet 1986;29:222-33.

J Med Genet 2001;38:58–61

A frameshift mitochondrial complex I
gene mutation in a patient with
dystonia and cataracts: is the mutation
pathogenic?

EDITOR—Mitochondrial DNA (MtDNA) is highly poly-
morphic. Each person is estimated to diVer from another
on average at about 25 base pairs among the 16 569 that
comprise the mitochondrial genome.1 Thus, only a small
fraction of mtDNA variants are likely to be of pathogenic
significance. Criteria currently used for determining the
likelihood that a missense mutation is pathogenic include
heteroplasmy (the percentage of mtDNA molecules within
a cell or tissue harbouring a mutation), evolutionary
conservation of the altered amino acid, a maternal inherit-
ance pattern, absence of the mutation in controls, clinical
features commonly linked to known pathogenic mtDNA
mutations, and defects in mitochondrial morphologies and
enzyme activities.1 However, these criteria are inadequate
for several reasons. Many mitochondrial missense muta-
tions are homoplasmic. Pathogenic mtDNA mutations are
typically characterised by incomplete penetrance, even
when homoplasmic, presumably reflecting interactions
with environmental and genetic factors.2 As a result, inher-
ited mtDNA mutations may manifest as “sporadic” disor-
ders rather than with the classical maternal inheritance
pattern. Biochemical assays may also be inconclusive, as
the expression of a defect in mitochondrial function
depends on the nuclear background and tissue type in
which the mutation is studied.3 4 As a result, mtDNA
mutations identified in rare families or subjects with a
putative mitochondrial genetic disorder are often of uncer-
tain pathogenic significance.

Over 100 point mutations have been identified in mito-
chondrial genes in association with human disease, at least
45 of which are missense mutations in protein encoding
genes.5 However, frameshift mtDNA mutations are ex-
ceedingly rare. An acquired frameshift 4 bp deletion muta-
tion was identified in the cytochrome b gene at nucleotide
position (np) 14 787-14 790 in a patient with

parkinsonism-MELAS overlap syndrome6 and somatic
mutations including frameshift mutations have been found
in human cancers.7 8 In contrast, inherited frameshift
mutations in mtDNA have not previously been reported.
We now report the identification of an inherited frameshift
mutation in a patient with dystonia and maternally inher-
ited cataracts. The normal base pair (T) is replaced by AC
at np 3308 (T3308AC) in the mitochondrial gene
encoding the ND1 subunit of complex I. Dystonia9 10 and
cataracts11–13 have each been linked previously to complex I
dysfunction and to mtDNA mutations but, for the reasons
outlined above, the pathogenicity of the T3308AC
mutation remains uncertain.

DNA was isolated by standard proteinase K and SDS
digestion followed by phenol and chloroform extractions.
DNA was isolated from muscle (III.4), fibroblasts (II.8), or
blood (I.1, III.1, IV.1, IV.5, and IV.6). Each of these
subjects (except IV.1) underwent neurological and oph-
thalmological examinations. Clinical and molecular data
were unavailable from other family members. Polymerase
chain reaction (PCR) amplification of mtDNA and
sequencing on an ABI 377 automated sequencer (Perkin-
Elmer) were performed as previously described.14 PCR
reactions for restriction digests were performed with prim-
ers at np 3207-3223 (upper) and 3414-3401 (lower).
Restriction digests were performed with MsiI (New
England Biolabs) and analysed by ultraviolet illumination
of a 2% agarose gel permeated with ethidium bromide. The
mutation eliminates the single restriction site for this
enzyme. The normal 208 base pair (bp) PCR product is
cut into two 104 bp fragments, but in the presence of the
T3308AC mutation, a single 208 bp fragment remains. A
normal control DNA sample was included in each assay to
confirm complete digestion by the enzyme. Other PCR and
sequencing primers have been published previously.14

Immunoblotting of the ND1 subunit of complex I was
performed using lysates of fibroblasts obtained from three
aVected family members and one control. Samples (10 µg)
were loaded and run on a 12% acrylamide minigel, rinsed,
transferred to a polyvinylidene fluoride membrane (Milli-
pore, Bedford, MD), and incubated in blocker containing
primary antibody (1:500), as described previously.15

Membranes were thoroughly rinsed, then incubated with
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horseradish peroxidase conjugated secondary antibody.
Secondary antibodies were detected by chemilumines-
cence (Amersham ECL, UK).

The proband (III.4, fig 1) developed a unilateral (right)
cataract in her late teens. At the age of 30 she experienced
several episodes lasting 30 minutes each of bilateral
paraesthesias in her arms and legs with right hemifacial
paraesthesias and paresis. Neurological examination
showed sensory loss and weakness in the right face, as well
as right arm weakness. The following year, examination
showed a right facial dystonia and diVuse hyperreflexia
with a positive HoVman’s sign on the left, but full strength
and normal sensation. Plantar responses were flexor. Her
sister (III.1) developed cataracts in her early teens with a
severe left and mild right cataract. This sister’s daughter
(IV.1) died a few months after birth with a hypoplastic left
heart, polycystic kidneys, and an ectopic pancreas. The
maternal grandmother (I.1) developed a right cataract by
the age of 40 years. There was no history of ocular trauma
in any of the family members with cataracts.

An extensive evaluation of III.4 included normal brain
computed tomography and magnetic resonance imaging.
Electromyography and nerve conduction studies were nor-
mal. Muscle biopsy (right vastus lateralis) showed normal
light and electron microscopic results. Cytochrome oxidase
c staining was normal. No ragged red fibres were seen.
Complex I activity, measured as rotenone sensitive NADH
cytochrome c reductase activity normalised to citrate syn-
thase, was normal. Cytochrome oxidase activity was
normal. Citrate synthase activity was raised (11.08
µmol/min/g compared to 3.35 ± 1.1 for controls). Serum
and cerebrospinal fluid lactates were normal. Serum
ammonia was raised at 45 µmol/l (compared to normal of
9-33 µmol/l). Cerebrospinal fluid glucose and protein were
normal with no cells or oligoclonal bands. Serum creatine
kinase levels were normal.

Sequencing both the H and L strands of PCR amplified
muscle derived DNA in III.4 showed a T to AC insertion/
deletion at np 3308 (T3308AC) (fig 2). This converts an
ATA (methionine) codon to AACA, creating a frameshift
in the initiating methionine codon of the mtDNA gene
encoding the ND1 subunit of complex I. The presence of a
homoplasmic mutation was confirmed by the elimination
of an MsiI (New England Biolabs) restriction site in III.4 as
well as in each of her maternal relatives from whom DNA

was available for analysis (I.1, II.8, III.1, IV.1, IV.5, and
IV.6). The mutation was absent in 108 control subjects
including 29 with Parkinson’s disease and 23 with adult
onset focal dystonia. An initiating methionine at this site is
highly conserved evolutionarily.16

Sequencing of the entire mitochondrial genome in sub-
ject III.4 showed 17 known errors or consensus changes in
the Cambridge sequence.17 Additional changes were
observed as follows. Synonymous base pair changes:
T6620C, C7028T, G11719A, G12007A, C12705T, and
A14470G. Known polymorphisms in the non-coding D
loop: C16223T, C16290T, G16319A, T16325C,
T16362C, C64T, A73G, T146C, A153G, A235G,
T310C, and C514CAC. Known polymorphisms in rRNA

Figure 1 Pedigree. The darkened circle (III.4) represents the proband with early onset
cataracts, focal dystonia, and episodes of paraesthesias. Cross hatched circles represent
maternal relatives with early onset cataracts. Subject IV.1 died in infancy of multiple
congenital defects. Clinical examinations and DNA analyses were available for I.1, II.8,
III.1, III.4, IV.1, IV.5, and IV.6. See text for further clinical details.
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Figure 2 Electrophoretograms of subject III.4 (top) and a
control showing a frameshift mutation at position 3308
where a T is replaced by an AC in subject III.4.
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T3308AC
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Normal T T T G GA A A A A A AC C C CC

T T G GA A A A A A A AC CC C CC

Letters 59

www.jmedgenet.com

http://jmg.bmj.com


genes: A663G, A1736G, and A2706G. Known polymor-
phisms in protein coding genes associated with an altered
amino acid: A4824G (ND1), G8027A (COX II), and
C8794T (ATP6). Mutations at non-conserved sites within
the non-coding D loop (but not known polymorphisms):
C461T, C505T, and a TT insertion at np 311. The TT
insertion at 311 is not a known polymorphism, but a CC
insertion at this site is a known polymorphism. An
insertion of a C at 956 occurs in a non-conserved region of
the 12S rRNA gene. A mutation identified at 14 280 (A to
G) in the ND6 gene alters a non-conserved amino acid.

Immunoblotting detected the ND1 protein (apparent
MW ∼33 kDa) in all fibroblast samples (fig 3). Thus, the
ND1 protein is expressed in subjects with the frameshift
mutation. An additional, minor, cross reacting band of
unknown identity and significance was also seen.

Suspicion of a mitochondrial complex I gene mutation in
this family was raised by the presence of dystonia and cata-
racts, each of which has been associated with complex I
dysfunction and mtDNA mutations.9–13 The origin of the
complex I deficiency in dystonia is unknown. In one study,
lung carcinoma derived cell lines expressing mtDNA from
nine patients with focal dystonia did not manifest complex
I deficiency.18 However, the biochemical expression of
mtDNA mutations is influenced by tissue type as well as
nuclear background.3 4 Thus, the role of mtDNA muta-
tions in the complex I defect of patients with focal dystonia
remains uncertain. Dystonia clearly can be a prominent
manifestation of mtDNA mutations, as shown by missense
mutations in a mitochondrial complex I gene in several
families with dystonia plus Leber’s hereditary optic
neuropathy (LHON).19–22 Dystonia is commonly a promi-
nent component of Leigh’s syndrome, which can be asso-
ciated with mtDNA point mutations or deletions.23 24 Dys-
tonia, along with other neurological deficits, was reported
in a subset of aVected members of a family harbouring the
LHON associated 11 778 complex I mutation,14 and can
be the presenting feature of the 3243 “MELAS”
mutation.25 Cataracts have also been reported as a clinical
correlate of mitochondrial complex I dysfunction11–13 and
in patients with mtDNA mutations, including large
deletions.13 The occurrence of both dystonia and mater-
nally inherited early onset cataracts in our patient
suggested the possibility of a mtDNA mutation.

Though a mtDNA mutation was suspected in this fam-
ily, the identification of a frameshift mutation was surpris-
ing given the mild phenotype and the lack of any previous
reports of inherited frameshift mutations in human
mitochondrial genes. Translation of the ND1 subunit nor-
mally begins at the initiating methionine codon at np
3307-9. An initiating methionine is highly conserved
evolutionarily.16 If translation begins at the 3307-9 codon
for the mutant sequence, then the frameshift at 3308 would
result in an asparagine (rather than methionine) as the ini-
tial amino acid and a premature stop codon after the 28th
amino acid, whereas the full length ND1 subunit normally
consists of 318 amino acids. Such an abnormality seems

unlikely given the relatively mild clinical and biochemical
features associated with the mutation. Alternatively, trans-
lation may begin in frame at the next methionine codon,
which occurs at np 3313-5, resulting in a truncation of the
first two amino acids (methionine and proline) at the
amino terminal end of the ND1 subunit, with preservation
of a methionine at the amino terminal end. Except for the
initiating methionine, amino acids at the amino terminal
end are not highly conserved evolutionarily.26

Mutations involving np 3308 have been reported in sev-
eral patients with neurological abnormalities including two
with dystonia. Campos et al16 reported a woman with tran-
sient ataxia and later seizures and marked generalised dys-
tonia who harboured a missense point mutation at np
3308. Two other unrelated patients, each with multiple
neurological deficits, also were found to harbour a
missense point mutation at 3308.27 One additional family
with maternally inherited hearing loss attributed to the
T7511C mtDNA mutation also harboured a T3308C
point mutation28 but it was not thought likely to be patho-
genic as it was homoplasmic and had been reported previ-
ously in controls.27 MtDNA mutations at np 3308 were not
present in any of our 108 controls. Campos et al16 also
found no mutations at this site in 130 controls. In contrast,
Vilarinho et al27 reported that four of 150 controls
harboured a point mutation at 3308. This may reflect the
ethnic diVerences between these control groups. None of
the combined 388 controls in these studies carried a
frameshift mutation as found in the family reported here.
However, the molecular consequences of a point mutation
at this site may be identical to that of the T3308AC
frameshift mutation, resulting in a truncation of the first
two amino acids. The cellular impact of the T3308AC
mutation is uncertain. A missense mutation in the
initiating codon of the cytochrome c oxidase subunit II
gene has been shown to result in lower levels of protein
synthesis for this subunit.29 In contrast, we found no
evidence of altered ND1 expression in association with the
T3308AC mutation, and muscle complex I activity was
normal. The possibility remains that complex I activity
could be altered in the basal ganglia, the primary site of
pathology in many dystonia patients.30 Furthermore, our
complex I assay measures maximal enzyme activity
(“Vmax”), and thus an eVect of the mutation on enzyme
kinetics cannot be excluded.

This is the first identification of an inherited frameshift
mutation in a human mitochondrial protein coding gene.
However, the pathogenic significance of this mutation
remains uncertain. This case highlights the diYculties often
encountered when interpreting associations between rare
mtDNA variants and putative mitochondrial disorders.
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A common ancestor for COCH related
cochleovestibular (DFNA9) patients in
Belgium and The Netherlands bearing
the P51S mutation

EDITOR—Hearing impairment is extremely heterogeneous,
both phenotypically and genetically. It is the most frequent
form of sensory impairment in the western world, aVecting
approximately 1/1000 newborns and approximately half of
the people above the age of 80.1 2 In all these cases heredi-
tary factors are a prominent cause. So far, more than 60
loci for monogenic non-syndromal hearing impairment
have been described and 14 responsible genes have been
identified (Van Camp and Smith, Hereditary Hearing Loss
Homepage http://dnalab-www.uia.ac.be/dnalab/hhh).

Balance problems are also are relatively frequent, but
considerably less is known about the causes. Purely genetic
forms of vestibular impairment are extremely rare and no
genes have been identified yet. However, it is commonly
known that many hearing impaired people also suVer from
balance problems. Moreover, it is now recognised that
many syndromes with genetic hearing impairment also
show a dysfunction of the vestibular system.3 The
prevalence of vestibular dysfunction may be severely
underestimated, as it often remains unnoticed until
specialised vestibular tests are performed. Owing to the
intimate relationship between the auditory and the
vestibular systems, there are probably many genes with a
function in both systems.

DFNA9 is the only form of hereditary non-syndromal
hearing impairment where strongly marked vestibular
involvement has been described. This locus has been
mapped to chromosome 14q12-q13.4 Progressive sen-
sorineural hearing impairment is present, usually starting
between the ages of 35 and 50 in the high frequencies.5–7

This is paralleled by a gradually deteriorating sense of bal-
ance, leading to instability (most notably in the dark).
Some, but not all patients periodically suVer from vertigo
attacks associated with nausea, tinnitus, or aural fullness,
which is reminiscent of the symptoms of Menière’s
disease.5 Eventually, after a disease course of approximately
20 years, patients become severely to profoundly deaf
across all frequencies and lose their vestibular function.

The identification of the gene responsible for DFNA9
was greatly helped by the availability of a cochlear specific
cDNA library.8 One of the transcripts in this cDNA library
was a novel cochlear gene designated COCH-5B2, which
was later renamed COCH. COCH was mapped to chromo-
some 14q12-13, making it a strong candidate gene for
DFNA9.9 Subsequent COCH mutation analysis in three
DFNA9 families showed a missense mutation in each of
them.10 The predicted COCH protein has a length of 550
amino acids and consists of a signal peptide, a cysteine rich
domain with homology to the factor C domain of the
horseshoe crab Limulus (FCH domain), and two domains
with homology to the von Willebrand factor A domain
(vWFA1 domain and vWFA2 domain). All three muta-
tions are located in the FCH domain.

Following the identification of the COCH gene, COCH
mutation analysis was performed in several other DFNA9
families. In six Dutch and one Belgian family, a C→T point
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