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the mutant allele and lose the wild-type p53
allele in their tumour tissues, indicating that
the inactivation of p53 is important in the
development of cancer.

The p53 protein is a transcription factor
which appears to be involved with the pro-
gression of the cell through the G1/S phase
checkpoint in the cell cycle.* Normal p53 acts
as a monitor of genomic stability—if DNA is
damaged p53 switches off replication to allow
for repair. Although Jolly ez al®® recently re-
ported a splice-site mutation in seven members
of a breast—ovarian cancer family, four of whom
have developed breast, ovarian or choroid
plexus tumours before age 35 years, no clear
associations between germline p53 mutations
and inheritance of breast cancer, in families
with a strong history of breast cancer, have
been made.’’** This suggests that familial
breast cancer is not usually due to inheritance
of p53 mutations.

ATAXIA TELANGIECTASIA

Ataxia telangiectasia is an autosomal recessive
disease characterised by progressive cerebellar
ataxia and oculocutaneous telangiectasia.
Affected patients have an increased risk of de-
veloping cancer and asymptomatic hetero-
zygous family members are also at increased
risk of developing several types of cancer, espe-
cially breast cancer.'°®® There are four ataxia
telangiectasia complementation groups (A, C,
D, and E) with groups A and C comprising
83% of cases. The gene for ataxia telangiectasia
complementation group A has been mapped to
chromosome 11q23,** but has not been cloned.
Various studies have failed to detect linkage
between the ataxia telangiectasia gene and fa-
milial breast cancer.”>® It is probable, however,
that mutations in the ataxia telangiectasia
gene(s) contribute to breast cancer in the gen-
eral population but do not give rise to multiple
cases in one family, thus making it difficult to
detect using linkage analysis.

MALE BREAST CANCER

Little is known about the genes responsible
for predisposition to male breast cancer. Two
studies have shown the androgen receptor gene
to be involved in two families with male breast
cancer. Wooster et al’” reported a family in
which two brothers with breast cancer both
had germline mutations in the DNA binding
domain of the androgen receptor gene. This
association was subsequently confirmed in one
other family.*®

Concluding remarks

At the present time four genes are known to

be responsible for inherited susceptibility to
breast cancer: BRCA1l, p53, ataxia te-
langiectasia gene(s), and the androgen receptor
gene. Evidence from linkage and population
studies suggests that these genes may account
for approximately half of the observed familial
clustering of breast cancer.® Other genes which
confer a predisposition to breast cancer have
yet to be identified.
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With the present knowledge of BRCA1, and
using linkage analysis, it is possible to identify
individuals at high risk of carrying a BRCA1l
mutation in a few extensive families, and for
these individuals, genetic counselling can be
given. In the future when the predisposing
genes have been cloned new opportunities for
diagnosis and treatment will become possible.

Note added in proof

BRCALI has recently been cloned by Miki ez
al.®® It is a large gene composed of 22 exons
(containing 5592 nucleotides) spread over ap-
proximately 100 000 bases of genomic DNA
adjacent to the locus D17S8855. The protein
sequence (1863 amino acids) contains a zinc
finger domain in its amino-terminal region, but
is otherwise unrelated to previously described
proteins. This zinc finger motif is often found
in proteins which act as transcription factors
(which regulate the transcription of DNA into
mRNA). This suggests that BRCA1 may have a
role in DNA transcription. The initial evidence
that this gene was BRCA1 hinged on the dis-
covery of mutations in the gene in five families
who had previously shown strong linkage to
17q markers. This was later verified by several
groups.®”®* Mutations have been found in
many different regions of the gene, 70% of
which result in the loss or premature ter-
mination of the BRCA1 protein. This seems
to be consistent with the idea that BRCAL is
a tumour suppressor gene. Because the muta-
tions are scattered throughout the gene, screen-
ing women on a large scale (if it becomes
appropriate in the future) will be technically
difficult. Added to this is the surprising finding
by Futreal er al®® that no somatic BRCAl
mutations occur in sporadic breast and ovarian
cancers. This implies that BRCA1 mutations
may be relatively unimportant in sporadic can-
cers. At present, prospects for large scale
screening of BRCA1 mutations look dim.

At the same time that BRCA1l was cloned
another genomic linkage search located a new
breast cancer susceptibility gene, BRCA2, on
chromosome 13q12-13.% Allele losses in spor-
adic tumours suggest that BRCA2 may also be
a tumour suppressor gene. If candidate genes
on chromosome 13 are excluded, further po-
sitional cloning research will have to be carried
out to clone BRCA2.
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