
0 JMed Genet 1998;35:1O-12

An evaluation of common breast cancer gene
mutations in a population of Ashkenazi Jews

F Lalloo, S Cochrane, B Bulman, J Varley, R Elles, A Howell, D G R Evans

Abstract
Objectives-In view of the recent reports
of recurrent mutations in BRCA1 and
BRCA2 in the Ashkenazi Jewish popula-
tion, we have undertaken to assess the fre-
quency of these mutations in this
population attending for genetic counsel-
ling and risk assessment of familial breast
cancer.
Design-Mutation screening for the
185delAG and the 5382insC mutations in
BRCA1 and the 6174delT mutation in
BRCA2 was performed on DNA samples
from either subjects affected by breast or
ovarian cancer or obligate gene carriers.
The likelihood of the cancers being he-
reditary in each family was calculated.
Subjects-Blood samples were obtained
from 26 affected subjects or obligate gene
carriers from 23 Ashkenazi Jewish fami-
lies, all with a history of either early onset
breast or ovarian cancers, or multiple
cases ofbreast or ovarian cancer.
Results-Twelve mutations have been
identified in the 23 families (52%) ofwhich
eight (67%) were the 185delAG mutation,
three (25%) were the 6174delT mutation,
and one (8%) was the 5382insC mutation.
While the majority of these mutations
were identified in families with a greater
than 50% probability of being hereditary
under the CASH segregation model, three
mutations were identified in families with
a 35% or less probability.
Conclusions-Genetic screening of the
recurrent mutations in Ashkenazi Jewish
families will lead to the availability ofpre-
dictive testing in a reasonably large
proportion, even if the family history of
breast/ovarian cancer is not particularly
strong. In our view it is possible to
reassure high risk unaffected members of
these families, if the screening is negative
for these mutations, even ifa sample from
an affected member of the family is
unavailable for previous screening.
(_7Med Genet 1998;35:10-12)

Keywords: Ashkenazi Jews; BRCA1/2 mutations

Breast cancer is the most common cancer in
women. It has been estimated that 5%1 of
breast cancer is inherited, with a number of
highly penetrant autosomal dominant genes
responsible for the majority of these cases. In
1990, BRCA1 was localised to chromosome
172 and cloned in 1994.' A second gene,
BRCA2, was localised in 19944 and cloned in
1995.

Studies have shown that mutations in either
BRCA1 or BRCA2 confer a lifetime risk of
female breast cancer of 85%,6 with BRCA1
also conferring a lifetime risk of ovarian cancer
between 30 and 60%. There is also an
increased incidence of both bowel and prostate
cancer associated with mutations in BRCA1L.
BRCA2 confers a higher risk of male breast
cancer than BRCA 1, but a lower risk of ovarian
cancer. It also appears to be associated with an
increased lifetime risk of bowel, prostate, and
pancreatic cancer.8
The mutation spectrum is large, with altera-

tions occurring throughout the whole of both
genes.9 10 However, there appear to be specific
mutations in both BRCA1 and BRCA2 that
have a high frequency within the Ashkenazi
Jewish population." 12 This is the result of a
founder effect. The 185delAG mutation in
BRCA1 is thought to account for 16% ofbreast
cancers and 39% of ovarian cancers occurring
under the age of 50 years in Ashkenazi
women." A second mutation in BRCA1,
5382insC, also occurs with an increased
frequency.9 The 6174delT mutation in
BRCA2 is believed to be responsible for 8% of
the early onset breast cancers in this
population. 1
The aim of this study was to assess the

frequency of these mutations among a group of
Jewish families attending genetic clinics in the
north west of England.

Methods
Twenty-three families attending genetic clinics
in Manchester for counselling for either breast
or ovarian cancer have been identified as being
of Ashkenazi Jewish descent. These families
were classified according to their family history
(table 1). Families were also stratified using
epidemiological data from Claus et al,' '3 Eby et
al,'4 and Ponder et al"5 as to the likelihood of
being hereditary. Families ranged from a single
case ofbreast cancer to families containing four
or more cases of breast or ovarian cancer, with
the breast cancers diagnosed under the age of
60 years. Blood samples were obtained from 26
members of these families, all of whom were
affected subjects or obligate carriers.

All samples were screened for 185delAG and
5382insC in BRCA1 and 6174delT in
BRCA2. The 185delAG mutation was de-
tected using the amplification refractory muta-
tions system (ARMS). A forward primer for
exon 2 (5' GAAGTTGTCAT-T-TTAAAC-
CTTT 3') and a mutation specific reverse
primer (5' CTTACCAGATGGGACACTAA
3') were coupled with primers which would
always amplify exon 14 of BRCA1 (14FP 5'
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Table 1 The differing pattern of cancers within the population screened

Group Family history of cancers

Group 1 Single breast cancer diagnosed under 40 years
Group 2 Single breast cancer diagnosed 40-60 years
Group 3 Two or more breast cancers diagnosed under 70 years
Group 4 Ovarian cancer only (2 cases) diagnosed under the age of 60
Group 5 Breast/ovary families (2-3 cases diagnosed under the age of 60)
Group 6 Breast Cancer linkage Consortium Criteria (4 or more cases of breast or ovarian

cancer with the breast cancers diagnosed under the age of 60)

CTAACCTGAATTATCACTATCA 3', 14RP
5' GTGTATAAATGCCTGTATGCA 3').
The 5382insC mutation in BRCA1 and the

6174delT mutation in BRCA2 were detected
by single stranded conformation polymor-
phism analysis combined with heteroduplex
analysis (SSCP/HA).
Exon 20 of BRCA1 was amplified (BR20F:

5' ATATGACGTGTCTGCTCCAC 3',
BR2ORin: 5' TGCAAAGGGGAGTGGAA
TAC 3') as was the appropriate section of exon
11 of BRCA2 (BR1 iF: 5' GTAGCACGCAT-
TCACATAAGGTT 3', BRi 1R: 5' GT-
GAGCTGGTCTGAATGTTCGTCGT 3').
The PCR products were then denatured at
95°C for five minutes and immediately put on
ice. The DNA fragments were subsequently
electrophoresed on a 6% polyacrylamide gel
and detected by silver staining, as described
previously.'6 The original mutations found
were confirmed by automated fluorescent
sequencing.

Results
The 185delAG mutation was observed in eight
families, the 6174delT mutation in three fami-
lies, and the 5382insC mutations was detected
in one family. Results ofthe mutation screening
are presented in table 2.

In total, 13 hereditary cases would have been
expected based on epidemiological data and 12
were identified as being the result of the
BRCA1/2 recurrent mutations. The five fami-
lies fulfilling the Breast Cancer Linkage
Consortium criteria had a mutation identified.

Discussion
Previous studies" have suggested that
185delAG may account for up to 39% of early
onset ovarian cancer and 16% of early onset
breast cancer. Our study supports the fact that
this mutation is more common in those
families with a history of early ovarian cancer
and in families where breast cancer has been
diagnosed at a younger age. Eighty percent
(five out of six) families with ovarian cancer
had a 185delAG mutation, with one of these
subjects being a male obligate carrier. Five of

Table 2 Mutations detected among the varyingfamily histories and the likelihood of the
family histories having a genetic basis

No offamilies
expected to have

No of Mutation mutations in
Group families 185deIAG 61 74deT 5382insC not detected predisposinggenes

the eight 185delAG families had ovarian
cancer which is broadly comparable to that
found by Bergman et al. '7 The 185delAG
mutation was present in three of eight families
with breast cancers diagnosed under the age of
40 years, but none of the families where breast
cancer had been diagnosed at an older age.
Again, although this figure is slightly higher
than previously reported, it is within the 95%
confidence limits of previous reports." The
185delAG mutation in BRCA1 is also more

prevalent among the families where one mem-

ber has developed a second primary cancer.

It was surprising, however, that the BRCA2
mutation was found in families in whom the
diagnoses of breast cancer were made at a later
age. This is contrary to the results previously
published showing a higher frequency of this
mutation in early onset breast cancers.'2 How-
ever, this may be in keeping with the suggestion
that this mutation may have a lower penetrance
than the BRCA1 mutations.'2 The 5382insC
mutation in BRCA1 was found in a family with
a high probability of being genetic. Although
this mutation has been found frequently in the
general population, it does not appear to occur

in the Ashkenazi population at the same

frequency as the other two.9 This is in
agreement with the results of our mutation
screening.

In this study, 52% of the families studied had
a mutation in either BRCA1 or BRCA2. Inter-
estingly, some of the mutations were detected
in families with minimal family histories; three
mutations were found in families with a 35% or

less probability of being hereditary under the
CASH model.' However, the majority of the
185delAG mutations were found in families
with a high probability of having an inherited
predisposition.
While this study shows that most of the

mutations will be detected in families with a

very strong family history (breast and ovarian
cancers or multiple young onset breast can-

cers), screening for the 185delAG and
5382insC mutations in BRCA1 and the
6174delT mutation in BRCA2 in Ashkenazi
families, even with a limited family history, is
likely to lead to the possibility of predictive
testing in a reasonably high proportion. Cur-
rently, presymptomatic testing is only under-
taken if a mutation has already been detected in
an affected member of the family.20 In the non-
Jewish population this often involves screening
the entire coding sequence of BRCA1 and
BRCA2. Even in families with four or more

cases of breast or ovarian cancer, there is no

certainty of identifying a mutation which will
allow predictive testing. However, as the popu-

lation frequency for 185delAG and 6174delT
is 2.5%, and that of the combined other muta-
tions is probably only 0.2% (if similar to the
non-Jewish population), screening of these
mutations would be predicted to detect at least
90% of mutations in the Breast Cancer
Linkage Consortium families.
The data take into account both high and

low penetrance genes, and while these data
show, for example, that 50% of families with
two cases of breast cancer diagnosed under the

1 2 0 0 0 2 0.36
2 2 0 1 0 1 0.24
3 10 2 1 0 7 4.85
4 2 2 0 0 0 1.26
5 2 1 0 0 1 1.2
6 5 3 1 1 0 5.0
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age of 50 years have breast cancer because of a
genetic predisposition,4 the Breast Cancer
Linkage Consortium data suggest that only
10% are the result of mutations in BRCA1/2
(D Easton, personal communication). Both
sets of data from the Breast Cancer Linkage
Consortium and the CASH study' 21 are from
largely non-Jewish populations.
The data from our study suggest that in the

Ashkenazi Jewish population, mutations in
BRCA1/2 account for the vast majority of
inherited breast cancers. This is indicated by
the fact that we have so far detected 12 of 13
expected (in a non-Jewish population) muta-
tions using criteria for the likelihood of the
cancers in these families being hereditary. This
report therefore suggests that a simple screen-
ing test for three mutations may allow for a
high degree of reassurance to unaffected at risk
subjects in Jewish families where the mutation
screenings are negative. Although more de-
tailed work on Jewish populations is necessary,
some reassurance may even be possible in situ-
ations where samples from a living affected
relative are unavailable, particularly in families
fulfilling Breast Cancer Linkage Consortium
criteria.
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