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The Familial Breast Cancer Genes-
The End or the Beginning?

A report in the December 1990 issue of Science, from the group headed by
Mary Claire King, a geneticist at the University of California, Berkeley,
suggested that familial breast cancer could be attributed to a single gene.
Familial or hereditary breast cancer accounts for 5-10% of all breast cancers
and afflicts women at a much younger age. King's group conducted genetic
linkage studies on families with many women having breast cancer while in
their thirties.

The recent discovery of polymorphic DNA markers has enormously
increased the power of genetic linkage analysis. These 'markers' are stray
sequences of DNA whose positions on a chromosome are precisely identified.
Thus, if a marker is consistently inherited with a particular disease, it is said
to be 'linked' to that disease and the 'disease gene' is located close to the
genetic region harbouring the marker. Using this technique, King's group
mapped the breast cancer susceptibility locus to the long arm of chromosome
17 (17q).1 This locus was termed BRCAl.
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These results set off a fierce race of gene-hunters to track down BRCAI.
It seemed to be a major predisposing gene, and it was clearly of interest to
find what proportion of breast cancers could be associated with it. A few
weeks later, an international group of scientists from the United Kingdom,
France, Canada and USA confirmed King's results and also extended the
linkage of BRCA1 to ovarian cancer.s-' By now the race to identify BRCA1
was well and truly on with several independent groups worldwide embarking
on the strategy of genetic mapping+" This paved the way for narrowing the
genetic region harbouring BRCA1 on chromosome 17q by an international
consortium.P-" Their analyses of about 214 families suggested that BRCA1
was probably responsible for the disease in over 80% of breast-ovarian cancer
families and in 45% of families with breast cancer alone. A woman from an
extensive breast cancer family with an inherited defective BRCA1 allele had
a 50% risk of breast cancer by the age of 50 and a 90% lifetime risk. A similar
defect in BRCA1 conferred a risk of 67% and 76% respectively to a woman
from a breast-ovarian cancer family.

Even before its recent identification, researchers were able to obtain infor-
mation about the gene's character. The disease follows an autosomal dominant
mode of inheritance with anyone born to a carrier having a 50% chance of
inheriting the trait.P In tumour samples from affected family members, loss
of a chunk of DNA from the relevant region of chromosome 17q has been
found, suggesting that BRCA1 is a tumour suppressor gene. 13Loss of a tumour
suppressor gene in malignant cells is also accompanied by losses of adjacent
DNA sequences on the chromosome. Thus, researchers tried to find the
smallest common region of deletion in tumour cells because that was where
the gene had to reside. They also checked each candidate gene from the
relevant region for crippling mutations in affected family members. It was
the use of this technique of positional cloning that finally enabled the team
headed by Mark Skolnick from Utah's Medical Center to track the gene in
early 1994.14This unusually large gene has 21 coding exons distributed over
more than 100 kb of genomic DNA encoding a protein of 1863 amino acids.
Some specific features of the protein suggest that it might act as a transcription
factor. So far only four mutations in four different regions of DNA from
different families have been identified. Many other mutations remain to be
discovered. Those which have been identified include a nonsense mutation,
a frameshift mutation, a missense substitution, and a mutation in the regulatory
region of the gene which aborts transcription of one of the alleles. Each of
the sequence variants wa~ found to segregate with the disease and is not seen
in controls.

Since only 45% of breast cancer families are linked to BRCA1, researchers
felt that yet another breast cancer gene must exist. This prompted them to
use standard methods of genetic linkage analysis to locate a 'marker sequence'
consistently inherited with the disease in a set of 15 early-onset breast cancer
families which were shown not to be linked to 17q. This group, based on the
International Breast Cancer. Linkage Consortium and led by Michael Stratton
at the Institute of Cancer Research in Sutton, UK and David Goldgar from
the University of Utah, USA, genotyped these families with polymorphic
microsatellite repeat markers.P They identified a predisposing gene, now
dubbed as BRCA2, within an interval on chromosome 13, in the physical
region defined by 13q12-13. This region flanked by the microsatellite markers
D13S289 and D13S267 is estimated to contain about a hundred genes. Somatic
allele losses in breast and ovarian tumours from the BRCA2 region suggest
that it )llS5a:cts as a tumour suppressor.

It appears to confer an equally high risk of early-onset breast cancer as
does ~CA1, but some unexplained differences remain. Fewer cases of
ovarian cancers but several cases of male breast cancer are present in the
BRCA2 families. However, even the identification of BRCA2 is hardly the
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end of the breast cancer susceptibility gene hunt, because in some high-risk
families the susceptibility could not be attributed either to BRCAl or
BRCA2.15 This means that other breast cancer susceptibility genes remain to
be identified.

The excitement of scientific discovery is, however, clouded by conflict of
)commercial interest. Myriad Genetics, a company co-founded by Mark

~ Skolnick has decided to patent BRCAl. Myriad plans to collaborate with Eli
Lilly and Co. of Indianapolis, USA and Hybritech of San Diego, California,
USA (Lilly's wholly owned subsidiary) to develop therapeutic agents and
diagnostic kits for breast cancer. The gene clearly also has great potential for
the screening of patients who face an inherited predisposition to breast cancer.
The decision to go commercial has rekindled the debate on the patentability
of human genes. Moreover, since the National Institutes of Health (NIH),
USA had also contributed researchers and funds to the successful identification
of BRCA1, it is claiming a share of the patent rights. Many scientists are,
however, of the opinion that if research groups begin to undertake projects
only in collaboration with industrial enterprises, it would not only introduce
newer restraints but may also slow down the pace of research. 16,17

Even with BRCAl and BRCA2 in hand, scientists are yet faced with the
enormous task of finding new mutations in them and determining the risks
associated with the different mutations. Establishing the individual BRCAl
mutation frequencies and the associated penetrances seems a challenging task,
due to its sheer size of 100 kb. It is estimated that there could be a whole
range of BRCAl mutations, each presenting its own degree of breast cancer
risk making it difficult to offer population screening at least at this stage.
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