
Screening for Hereditary Cancer and Genetic Testing,
Epitomised by Breast Cancer

R.A. Eeles

Cancer Genetics Team, Institute of Cancer Research, 15 Cotswold Road, Sutton, Surrey, SM2 5NG, U.K.

The new genetics is having an impact on many areas of healthcare. Diversity in the genetic code

accounts for diVerences in phenotypes between populations and it is becoming apparent that genetic

diVerences may have a role in predisposition to and behaviour of disease. Genetic models suggest that

there are two types of genetic predisposition to disease: the so-called high and low penetrance genes.

At present, most of the impact on medicine has been from highly penetrant genes, and genetic testing

for disease predisposition, particularly for diseases of late onset (e.g. certain cancers) is in its infancy.

As a general statement, approximately 5±10% of common cancers are due to such highly penetrant

genes. The category of genes that will become of increasing interest is that of the low penetrance

genes. Often these are normal variations in genes that result in a slightly increased risk of disease.

These are analogous to high blood pressure carrying an increased risk of cardiovascular disease. Once

rapid genetic analysis is available for these types of genes, such analysis would be analogous to taking

someone's blood pressure in a general practitioner's (GP's) surgery to identify individuals at

increased risk of cardiovascular disease. This will produce a revolutionary change in the way we

practise medicine. Genetic analysis will become faster and may therefore be more commonplace. It is

possible to envisage an era when genetic analysis will become a routine part of primary care to identify

changes in low penetrance genes that will confer a `risk pro®le' for patients. This will then enable their

primary care physicians to advise about primary prevention and even prescribe certain preventive

drugs to decrease the risk of certain diseases occurring. This proactive rather than reactive style of

practising medicine is potentially exciting, however it carries with it ethical, legal and social implica-

tions for how we deal with this new knowledge. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

In the U.K., there are 25 000 cases of breast cancer and just

over 5000 cases of ovarian cancer per year [1]. Cancer has

been known to `run in families' for many centuries. It was

described in Roman times and Broca, in 1866, described

familial breast cancer in his wife's family [2]. In one sense, all

cancer is genetic at the cellular level since genetic changes

occur when a normal cell is transformed into a cancer cell;

however, these changes are usually somatic (they occur only

in the cancer cells and are not present in normal cells). A

proportion of the common cancers (usually 5±10% [3]) occur

in individuals with a germline genetic alteration which con-

fers an increased risk of cancer development. This is termed

`genetic predisposition to cancer' and the genetic alterations

occur in every cell in the body (with the exception of some of

the gametes), as they are in the germline. Such alterations can

also be passed on to oVspring since, on average, half the

gametes will contain the genetic alteration.

The clustering of more than one case of cancer within a

family (`familial cancer') can occur for several reasons: (i)

clustering may occur due to chance; this is particularly seen

with the common cancers. The higher the prevalence of a

disease, the more likely it is that clustering will occur in

families due to chance alone; (ii) there may be a cancer pre-

disposition gene in the family accounting for familial cluster-

ing; (iii) individuals in the same family may share the same

carcinogenic environmental exposures.

WHEN IS FAMILIAL CANCER MORE LIKELY TO

BE DUE TO A CANCER PREDISPOSITION GENE

IN THE FAMILY?

The markers of the presence of a cancer predisposition

gene in a familial cluster are as follows:

. The clustering together of cancers at sites that are

normally rare in the general population (e.g. the asso-

ciation of medullary thyroid cancer with phaeochromo-

cytoma in the multiple endocrine neoplasia type 2

syndrome).

. Young age of onset relative to the general population.

. The occurrence of cancer of the same type on more

than one occasion in the same individual (e.g. bilateral

breast cancer; multiple colonic cancer).

. The presence of multiple cases of cancer in several

individuals on the same side of a family.

HIGHLY PENETRANT GENES

Approximately 5±10% of breast and ovarian cancers occur

as a result of highly penetrant germline mutations in cancer-

predisposition genes [3±5]. One of these genes, BRCA1, pre-

disposing to breast and/or ovarian cancer, was mapped to the

long arm of chromosome 17 in 1990 [6, 7] and cloned in

1994 [8]. Collaborative studies by the Breast Cancer Linkage

Consortium (BCLC) have shown that BRCA1 mutations are

responsible for approximately 50% of families with clear

dominant predisposition to breast cancer and over 80% of

families segregating both breast and ovarian cancer [9, 10]. A

majority (32% of the total [10]) of the remaining high-risk

breast cancer families, including most families segregating

both male and female breast cancer (76% of these), are due

to a second predisposition gene, BRCA2, on chromosome

13q12-13, which was cloned in 1995 [11]. It is known that

there is at least one more highly penetrant breast cancer gene

that may account for just under half of high-risk families with

numerous cases of early onset breast cancer but may account

for up to 80% of families with at least three cases of breast

cancer under 50 years (D. Easton, CRC Genetic Epidemiol-

ogy Unit, Strangeways Lab., Cambridge, U.K.). The

remaining gene(s) has been named BRCA3 and has not yet

been found. It is very likely that there is more than one

remaining gene to account for high-risk families with at least

three cases of breast cancer under 60 years of age. The cur-

rent situation is therefore very imperfect since only some

familial breast cancer clusters due to genetic alterations will

be able to have these identi®ed (Table 1).

Currently, highly penetrant genes are located by linkage

analyses. These are the co-segregation of genetic markers

(variable runs of bases within the genome) with the disease. If

the variation in the markers is inherited in the same way as

the disease, the disease gene is said to be linked or close to the

marker, the location of which is known [12].

BRCA1 has 24 exons of which 22 code for a protein of

1863 amino acids [8]. Over 100 distinct mutations in BRCA1

have been described to date [13±15]. These mutations are

widely scattered across the gene (Figure 1). A very similar

mutation pattern occurs in BRCA2 (Figure 2) which is

approximately twice as large. These mutations result in a

truncation of the BRCA1 protein due to the insertion or

deletion of bases in the coding sequence (frameshifts) or

nonsense mutations which convert a coding base into a stop

codon. This is consistent with the hypothesis that BRCA1

acts as a tumour suppressor gene [16]. Smaller proportions of

mutations involve intron/exon splice sites, leading to a trun-

cated protein, or are single amino acid changes (missense

mutations). These four types of mutation account for the

large majority of mutations in BRCA1 linked families. How-

ever, a small proportion of linked families (estimated to be

10±20%), appear to contain no alterations in coding or

splice-site recognition sequences. Individuals from some of

these families have been shown to express only the wild-type

BRCA1 protein (i.e. the copy of BRCA1 linked to the disease

is not expressed), suggesting the presence of a regulatory

mutation. Thus, the absence of a BRCA1 mutation in the

Table 1. Threshold for probability of BRCA1/2 mutation

Chance that a

mutation is present* Clinical criteria

< 10% All single cases of breast or ovarian cancer

10% Single breast cancer cases < 35 years of age

> 10%± 30% 2 breast cancer cases < 50 years of age

1 breast cancer < 40 years of age in an

Ashkenazi

50% 3 breast cancer cases < 50 years of age

4±5 breast cancer cases, no ovarian cancer

1 breast and ovarian cancer

> 50% > 1 breast and ovarian cancer

4 cases of female/male breast cancer

> 6 female breast cancer

Sources: [10, 20, 21] and Frank TS, Manley S, Thomas A, and

colleagues, BRCA1 and BRCA2 sequence analysis of 335 high-risk

women. Presented at the 47th Annual Meeting of the ASHG, 1997.

*The chance of detecting a mutation is lower because at least 15%

of mutations are regulatory, i.e. are not in the coding region of the

gene which is the area tested; and the genetic screening methods are

approximately 80% sensitive.
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coding region/splice sites, even after rigorous sequencing,

cannot rule out the possibility that the high risk of breast

cancer in a family is due to BRCA1.

The causal nature of frameshift and nonsense mutations is

clear from the fact that such mutations are present in a high

proportion of BRCA1 linked families, but in a very low pro-

portion of the general population, and from the consistency

with the tumour suppressor gene hypothesis. The missense

mutations are more problematic, ®rstly, because the biologi-

cal eVect of such mutations is less certain, and secondly,

because a number of sequence variants in BRCA1 have been

observed in unselected, unaVected individuals. The eVect of

these variants (some of which are quite rare) on disease risk is

uncertain. Thus, a missense mutation in a BRCA1 linked

family may be a rare polymorphism. These rare variants form

34% of BRCA1 mutations and 38% of BRCA2 mutations [17].

In the absence of any biological assay, the eVect of such a

sequence variation can only be assessed reliably by deter-

mining its frequency in a series of families or cases, and a

large series of appropriate, ethnically matched controls. At

present, the only missense mutations where the evidence for

causality is beyond reasonable doubt are those aVecting the

cys residues at codons 61 and 64. These mutations have been

observed in several BRCA1 linked families, and aVect the ring

®nger motif. Splice site mutations can also be problematic if

they lead to splicing out of an exon rather than to a stop codon,

because the splicing out of an entire exon could be a normal

alternative transcript. As in the case of missense mutations,

evidence that such splice-site alterations are disease causing is

equivocal unless they have been seen in several BRCA1 linked

families and are absent in a large series of controls.

The carrier frequency of BRCA1 mutations in the general

U.K. population has been estimated indirectly from epide-

miological studies at approximately 1 in 800, with the range

of plausible estimates being 1 in 500 to 1 in 2500 [18]. The

corresponding estimated frequencies amongst breast and

ovarian cancer cases at diVerent ages are shown in Table 2.

Studies of early onset breast cancer cases in Boston and

Seattle have found BRCA1 carrier rates which are in good

agreement with these estimates [19, 20]. Much higher fre-

quencies are known to apply to Ashkenazi Jews, owing to a

founder eVect involving mainly a particular mutation

(185delAG [21]). This mutation has an estimated frequency

of approximately 1 in 100 in Ashkenazi Jews, and approxi-

Figure 1. BRCA1 condensed mutation database from BIC database [15].

Figure 2. BRCA2 condensed mutation database from BIC database [15].
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mately 1 in 5 in Jewish women diagnosed with breast cancer

under 40 years of age [21, 22]. This estimated frequency rises

to at least 2 out of 3 Ashkenazi Jewish families with breast

and ovarian cancer [23]. There is another mutation in

BRCA1 which is more commonly seen in the Ashkenazim

(5382insC) and another in BRCA2 (6174delT) which is pres-

ent in 1 in 75 of this population [24±26].

Studies by the BCLC have provided estimates of the can-

cer risks in carriers of mutations in BRCA1 and these ®gures

can be used in counselling [9, 10, 27, 28]. Based on the inci-

dence of disease in linked families, Easton and colleagues

estimated the risk of breast cancer to be 51% by the age of 50

years and 85% by the age of 70 years [28]. These high risks

have been con®rmed by studying the risk of contralateral

breast cancer in carriers who have already developed one

cancer [27], and by a study of a large Utah kindred [29]. The

risk of ovarian cancer has been estimated to be 63% by the

age of 70 years, based on the ovarian cancer incidence in

linked families or 44% based on the risk of ovarian cancer in

carriers with a previous breast cancer [28]. However, there is

some evidence that the ovarian cancer risk is mutation

dependent [28]; Gayther and colleagues have found that

mutations towards the 50 end (the beginning) of BRCA1

confer a higher risk of ovarian cancer than those towards the

30 end [30]. In our opinion, the best risk estimates for coun-

selling purposes at the present time are those derived from

the BCLC studies, i.e. a risk of ovarian of 63%, ignoring the

possibility of allelic heterogeneity (the fact that diVerent

mutations may have diVerent risks). This situation may

change, however, if the evidence of allelic heterogeneity

becomes stronger. Furthermore, there is increasing evidence

that the phenotype of the family may determine the true risk

pro®les for unaVected BRCA1 carriers. For example, those

clusters with multiple cases of ovarian cancer may have a

higher ovarian risk than those with breast cancer alone. The

risk of ovarian cancer in BRCA2 is also raised (27% by the

age of 80 years) but not as high as for BRCA1 [10]. The

population risk of ovarian cancer is < 1%.

There is also some evidence of increased risks of colon and

prostate cancer in BRCA1 gene carriers. At least two BRCA1

families are known to contain male breast cancer cases but

the risk appears to be substantially lower than for BRCA2.

BRCA2 confers a 5% lifetime risk of male breast cancer. The

risk of colon cancer in BRCA1 is estimated to be increased 4-

fold, and the risk of prostate cancer is estimated to be

increased 3-fold, corresponding to an absolute risk for each

cancer of approximately 6% by the age of 70 years [27]; in

BRCA2 the prostate cancer risk is 6±14% by the age of 70

years [31, 32].

Since mutations can be widespread throughout the BRCA1

and BRCA2 genes, when oVering genetic testing to a family,

the ®rst step in testing is to identify the speci®c mutation

pertaining to the family being counselled. This involves tak-

ing blood from a live aVected member of the family, since

these individuals are more likely to harbour a breast cancer

predisposition gene. Mutation screening is then performed in

DNA from the blood sample to ascertain which speci®c

mutation is present in the family. An unaVected relative is

only oVered mutation testing for the speci®c mutation, pre-

viously found in their aVected relative. This is accompanied

by full counselling, with at least two counselling sessions one

month apart (the so-called `cooling oV' period). The presence

of a negative genetic test in this situation is truly negative,

since the mutation has already been identi®ed in the family.

When a mutation is not identi®ed in the initial mutation

screen, this does not exclude that a gene mutation is present,

as discussed earlier. The uptake of predictive genetic testing

is higher for breast cancer families than in other genetic dis-

eases, where preventative measures cannot be oVered (e.g.

Huntington's disease where the uptake of testing is approxi-

mately 16% [33]). In research families, the uptake of BRCA1

testing is overall, approximately 44% and is higher in women

than in men [34±36]. One year after the result no adverse

psychological features were observed [36].

Some models suggest that up to 80±90% of common can-

cers may be partly due to a genetic component due to the

contribution from low penetrance genes which confer a

slightly increased risk [3]. In people ascertained from the

general population the breast cancer risk estimate due to

mutations in BRCA1 is much lower (37±50%) [37, 38]. The

variability in penetrance in various populations suggests a role

for other factors, genetic or environmental, in cancer devel-

opment in BRCA1/2 carriers. There is also variability in clin-

ical presentation; a woman carrying a BRCA1 or BRCA2

mutation can live to the age of 80 years without cancer, whilst

others present with breast cancer in their 20s. Many envi-

ronmental factors such as diet, exercise, hormonal and carci-

nogen exposure and unknown external factors could be

responsible for these diVerences. The BCLC is currently

studying these.

MANAGEMENT OF WOMEN AT INCREASED

BREAST CANCER RISK DUE TO A GENETIC

PREDISPOSITION

There are currently several approaches to the management

of increased breast cancer risk due to a genetic predisposition.

These are:

. Early detection through screening programmes

. Change in lifestyle

. Chemoprevention

. Prophylactic surgery

Early detection through screening

At present, the only clinical manoeuvres that are oVered in

cancer genetics/breast risk clinics are the teaching of breast

awareness and earlier mammography. Population mammo-

graphic screening is oVered three-yearly from the age of 50

years as it has been shown to reduce mortality by at least 20%

(summarised in [39]). Earlier mammographic screening,

often oVered annually from the age of 35 until 50 years has

been suggested by the British Association of Surgical Oncol-

Table 2. Proportion of single cases due to BRCA1 by age

estimated from the gene frequency

Age (years) Breast % Ovary %

20±29 7.5 5.9

30±39 5.1 5.6

40±49 2.2 4.6

50±59 1.4 2.6

60±69 0.8 1.8

20±69 1.7 2.8

Source: Ref. [18].
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ogists and the Cancer Family Study Group [40]. It has been

shown that at least as many cancers are detected per thou-

sand women screened, in women under the age of 50 years

oVered mammographic screening because of their family his-

tory, as are found in the national screening programme in

women over 50 years of age [41].

New methods of breast screening in high-risk women are

being investigated, in particular the use of magnetic reso-

nance imaging [42] and analysis of nipple ¯uid contents [43].

Lifestyle issues

The interaction of hormones with the BRCA1/2 genes has

been studied in cell lines. The BRCA1 mRNA and protein in

vitro is increased upon stimulation with sex steroids [44]. In

vitro, the expression of BRCA1 mRNA in murine mammary

gland is elevated during puberty, pregnancy and following

treatment with oestradiol and progesterone, suggesting a role

for the BRCA1 gene in the process of proliferation and dif-

ferentiation in response to ovarian hormones [45]. Thus,

hormones might enhance malignant transformation in the

presence of a mutated gene.

Few studies have tried to investigate the risk conferred by

various hormonal factors in human BRCA1/2 mutation car-

riers due to their relative rarity. In a historical cohort [46] the

risk of breast cancer in BRCA1 carriers was found to decline

with increasing parity, in the same way as in the general

population. However, young age at ®rst pregnancy did not

confer additional protection. Interestingly, the factor most

signi®cantly associated with the risk of breast cancer was the

year of birth after 1930. It could be that diVerent demo-

graphic factors, as yet unknown, elevate the risk for breast

cancer in gene carriers.

The Pill is known to lower the risk of ovarian cancer in the

general population and was found to have the same eVect in

carriers. The odds ratio for ovarian cancer for BRCA1 car-

riers who had used oral contraceptives was 0.5, and that for

BRCA2 carriers was 0.4. The risk of ovarian cancer decreased

with longer duration of Pill use. The risk of breast cancer

conferred by the use of oral contraceptives in carriers was not

tested. This study is a good example of the limitation of epi-

demiological studies conducted in this population. The con-

trol group in this study was composed of 161 living sisters

who were not diagnosed with ovarian cancer. Among them

only 95 were tested for the mutation found in their family. 42

were non-carriers. Furthermore, 67 of the control group

underwent bilateral oophorectomy at an average age of 45

years old [47].

Another small study conducted among Ashkenazi breast

cancer patients found higher long-term oral contraceptive use

before ®rst full-term pregnancy in carriers than in non-car-

riers. This may suggest that in this study the use of oral con-

traceptives might increase the risk for breast cancer in

BRCA1/2 carriers more than in non-carriers [48].

A provoking article, recently published, reported the in¯u-

ence of smoking on the risk of breast cancer in BRCA1/2

carriers [49]. They found that carriers who had smoked more

than 4 pack years had an odds ratio of 0.46 compared with

carriers who never smoked. The authors suggested that the

eVect of smoking in BRCA1/2 carriers could be mediated

through hormonal pathways. Cigarette smoke has been asso-

ciated with early menopause, an increased risk of osteo-

porosis and a decreased risk of endometrial cancer. It

therefore has an anti-oestrogenic eVect that might have a

protective role in BRCA1/2 carriers. Obviously, the other

carcinogenic eVects of smoking preclude its use as a pre-

ventive strategy, but the underlying mechanism provides

supportive evidence that anti-oestrogenic chemopreventive

manoeuvres could be eVective in BRCA1/2 carriers. Recent

supportive evidence has been provided by Rebbeck and

coworkers who showed that prophylactic oophorectomy

reduced breast cancer risk by at least a half [50].

Chemoprevention

Three recent chemoprevention trials have reported con-

¯icting results [51±53]. The NCI-NSABP-P1 study showed a

45% reduction in the incidence of breast cancer in the group

of women taking Tamoxifen versus those taking placebo.

However, this reduction was seen very early in the study (at 2

years), sooner than a preventive agent would have been

expected to act, and Powles' and Veronesi's studies did not

show this. The latter study recruited women at a relatively

low breast cancer risk but Powles' study had a larger propor-

tion of women who were likely to have a breast cancer pre-

disposition gene. Genetic screening in chemoprevention

studies will be very important to determine if there is an

interaction between eYcacy and genetic status.

Prophylactic surgery

The role of prophylactic surgery in high risk breast cancer

gene carriers is unproven; however, there are early data that are

suggestive that it will confer some reduction in risk. The largest

study of prophylactic mastectomy is that from Hartmann and

colleagues who suggested a risk reduction of breast cancer of

at least 90% after prophylactic mastectomy [54]. The pro-

blem with this study is that very few women had had a genetic

test and therefore their exact genetic status was unknown.

Prophylactic oophorectomy in high-risk women is thought

to reduce the risk of ovarian cancer considerably from a range

of 16% (the lowest risk ®gures from the Jewish mutations in

BRCA1/2 [55]) to 60% (the highest ®gures from BRCA1

lifetime ovarian risks [10, 28]) to approximately 2±3%. The

risks are not reduced to exactly those of the general popula-

tion (just less than 1%) because of the risk of peritoneal adeno-

carcinomatosis [56, 57].

LOW PENETRANCE GENES

Low penetrance genes are genes which, in their altered

form, confer a slightly increased risk of disease. Usually, these

are genes with normal alternative forms of their sequences

(polymorphisms) which code for diVerent functional activ-

ities of the resultant protein. Since the diVerences in the

sequences are a normal variant or polymorphism, this would

not traditionally be classi®ed as being cancer-causing. How-

ever, the polymorphism codes for a diVerent function of the

resultant protein which can result in increased risk of cancer

development. An example is the variation in the Cyp17 oes-

trogen metabolism gene which confers an increased risk of

breast cancer [58]. Such alterations are normally discovered

by association studies which investigate the proportion of

cases of a particular disease harbouring the polymorphism or

variation in normal genetic sequences compared with con-

trols. The problem is one of statistical power. If subtly

increased risks are being conferred by the genetic alteration

then large numbers of cases and controls are needed to

determine the true eVect of the polymorphism. The literature

is currently mushrooming with small studies suggesting low
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penetrance gene eVects which are then subsequently dis-

counted by further studies. Very large-scale genetic analyses

will be needed and the advent of robotics will revolutionise

this area of genetic research.

LOOKING FORWARD TO THE NEXT MILLENNIUM

The completion of the Human Genome Project may be

accomplished as early as the ®rst year of the next millennium

(Francis Collins, Late-breaking News Session, American

Society of Human Genetics, U.S.A., 1999) and the code of

all the expressed human genes will subsequently become

known. This will include both the high- and moderate- to

low-risk genes which increase breast cancer risk. The limita-

tions will be in the following areas:

. The eVects of gene±environment interactions (genetic

epidemiology).

. The technology to discover the altered genetic sequen-

ces and their subsequent functional eVects.

. Ethical, legal and psychosocial issues.

Genetic epidemiology

The genotype is the genetic make-up of an individual or

cell (the DNA code) and the phenotype is the physical

or biochemical eVect of the genotype (e.g. the occurrence of a

certain type of cancer in an individual with a genetic alteration

that predisposes to cancer). The presence of an alteration in a

cancer predisposing gene increases the risk of cancer devel-

opment but does not always mean that the disease will occur.

The problem with our current level of knowledge is that

cancer-causing alterations can be detected in some cancer

predisposition genes but it is unknown whether cancer will

de®nitely occur. Furthermore, even within families where a

cancer predisposing gene is known to be present, cases can

still occur due to chance, not due to the presence of the

altered gene (so-called phenocopies). This will alter as

the Human Genome Project progresses and the complete

genetic sequence related to breast cancer predisposition can

be determined for one particular individual. The identi®cation

of phenocopies will then be possible. Research will concentrate

on gene±environment and gene±gene interactions that modify

the risk conferred solely by one alteration in the genetic code.

This will be a major development in the next decade.

Technology

Improvements in technology can be divided into two areas.

The ®rst is the development of more rapid methods of ana-

lysis of human genetic sequence. The greatest advances in

this area have been made in the area of `chip technology'

[59]. Short runs of normal genetic sequences are aligned on a

chip or glass slide and the technology is analogous to the chip

technology used in computers. Hybridisation with the test

sequence which is ¯uorescently labelled, highlights areas of

mismatch where the test sequence code does not have the

same read-out and this can be read by ¯uorescent detectors.

The limitations of this technology are currently its sensitivity

and lack of speci®city. Improvements in this, together with

large-scale robotics may enable very fast through-put genetic

analysis of individuals' DNA. DNA tests which currently take

years could take weeks or even days.

The second area is that of analysis of the functional eVect

of a change in the genetic code. Cancer-causing alterations

are often alterations in the genetic sequence that result in a

truncated protein (usually insertions/deletions of genetic code

or nonsense mutations which convert an amino acid code to a

stop codon). Missense mutations that alter one amino acid to

another but do not result in a change in the length of the

resultant protein are more problematic because they could be

normal variants of the code (polymorphisms) or result in a

disease-causing alteration. Traditionally, a polymorphism is

classi®ed as a variant with a frequency of more than 1% in

ethnically matched individuals. However, 34±38% of the

variants listed in the website for the mutations in BRCA1 and

BRCA2 are missense mutations, which have not been found

in 1% of the normal population [15]. These are, therefore,

called variants of unknown signi®cance. When an adequate

functional assay is developed, the variants that cause a change

in function will be able to be identi®ed.

Data from recent studies indicate that BRCA1 and BRCA2

have a primary role in DNA damage response by processing

signals that arise after damage [60]. Current BRCA1/2 func-

tional assays involve transfection of diVerent vector con-

structs in yeast/human cell lines and can only look at part of

the gene [61±63]. Although this is an advance towards a

functional assay for BRCA1/2 function, only part of the gene

can be analysed in each assay, and it will only determine the

function of coding mutations. At least 15% of mutations are

regulatory. These appear to contain no alterations in coding

or splice-site recognition sequences. Individuals from some of

these families have been shown to express only the wild-type

BRCA1 protein (i.e. the copy of BRCA1 linked to the disease

is not expressed), suggesting the presence of a regulatory

mutation. Thus, the absence of a BRCA1 mutation in the

coding region/splice sites, even after rigorous sequencing,

cannot rule out the possibility that a family is due to BRCA1.

When a superior functional assay is developed, there will be

no requirement to analyse genetic sequences and the reg-

ulatory mutations will be detected.

Ethical, legal and psychosocial issues

The rapid advances in knowledge about the genetic code

that may predispose to disease and the ability to analyse the

code faster using improvements in technology could theoreti-

cally result in doctors being in the position of being able to

oVer rapid genetic analyses to large numbers of the popula-

tion and provide a `risk pro®le'. Theoretically, the entire

human genome could be arrayed on a single chip (the `bio-

chip') and limitations on its use will be determined by cost,

the usefulness of the information and `the desire to know'.

Genetic testing for breast cancer predisposition has shown

that there is an increased interest in testing by women of

higher social class and this is proportionate to the level of

anxiety [64±66]. Risk perception is a complex issue and is not

directly related to the absolute level of risk [67]. If there were

a demand for genetic pro®ling to determine risk pro®les so

that individuals could take preventative measures to avoid

disease, the next issue is at what age such a pro®le should be

oVered. Currently, testing of children less than 18 years is

only oVered if it would alter medical management, such as in

the familial polyposis or multiple endocrine neoplasia type 2

syndromes [68, 69]. Prenatal testing has been oVered for

some familial cancer syndromes [70]; however, there is a lot

of controversy in this area because the tests are for late-onset

disorders and with therapeutic improvements, these disorders

may be curable by the time the child is an adult. Germline

manipulation of genetic alterations is illegal.
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The use of genetic information by insurance companies is a

highly contentious issue. One view is that genetic tests are like

any other medical test and medical test results have to be

declared when seeking insurance. Conversely, there is a fear

that genetic test results used for insurance purposes may cre-

ate an uninsurable underclass. The whole principle of insur-

ance is to insure the individual by encompassing the risk of

the entire pool and the eVect of improvements in genetic

information will be to de®ne more clearly which diVerent

risks individuals carry within the pool. It is possible that

genetic test results may be ignored for the purposes of insur-

ance; this is already the position taken by some insurance

companies and is the position in some European countries

(e.g. The Netherlands [71]).

The advances in knowledge about genetic predisposition to

common cancers that will accompany the completion of the

Human Genome Project will bring exciting developments,

both for the scientist and for clinicians managing individuals

with a genetic predisposition to cancer. It will facilitate tar-

geted screening with better screening measures, and the

improvements in technology and knowledge about the com-

plete human genetic sequence will increase the speed of

genetic testing. Testing will be able to be oVered to individ-

uals who currently cannot be oVered a test, either because

they are unaVected in a family where all aVected members

cannot be tested because they are deceased, or because the

gene that predisposes to the cancer in their family is currently

not identi®ed. However, these advances will be accompanied

by profound issues for society. The ethical, legal and social

implication programme accompanying the Human Genome

Project will be a very important component of this pro-

gramme. The current status of genetic predisposition to

breast cancer and a futuristic look are summarised in sum-

mary boxes 1 and 2. The face of medicine will be completely

changed by the middle of the next millennium. Emphasis will

be on the genetic classi®cation of disease. There will be a

more proactive style of practising medicine to identify risks of

disease before symptoms develop, enabling early detection

and preventive measures to be taken.
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