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Abstract Three mutations in BRCAI (185delAG,
5382InsC) and BRCA2 (6174delT) predominate among high
risk breast ovarian cancer Ashkenazi Jewish families, with
few “private” mutations described. Additionally, the spec-
trum of BRCAI and BRCA?2 germline mutations among high
risk Jewish non Ashkenazi and non Jewish Israelis is
undetermined. Genotyping by exon-specific sequencing or
heteroduplex analysis using enhanced mismatch mutation
analysis was applied to 250 high risk, predominantly cancer
affected, unrelated Israeli women of Ashkenazi (n = 72),
non Ashkenazi (n = 90), Moslem (n = 45), Christian Arabs
(n = 21), Druze (n = 17), and non Jewish Caucasians
(n = 5). All Jewish women were prescreened and did not
harbor any of the predominant BRCAI or BRCA2 Jewish
mutations. Age at diagnosis of breast cancer (median & SD)
(n=219) was 40.1 £ 11.7, 45.6 £ 10.7, 38.7 £ 9.2,

Y. Laitman - E. Friedman (X))

The Susanne Levy Gertner Oncogenetics Unit, The Danek
Gertner Institute of Human Genetics, Chaim Sheba Medical
Center, Tel-Hashomer 52621, Israel

e-mail: eitan.friedman@sheba.health.gov.il;
eitan211@netvision.net.il

R. T. Borsthein - E. Dagan - R. Gershoni-Baruch
The Genetics Institute, Rambam Medical Center, Haifa, Israel

D. Stoppa-Lyonnet - L. Castera - M. Goislard
Département de Biologie, Institut Curie, Hopital, Paris 75248,
France

D. Stoppa-Lyonnet
INSERM U830, Paris 75248, France

D. Stoppa-Lyonnet
Université Paris Descartes, Paris 75270, France

H. Goldberg
Oncology Institute, Rambam Medical Center, Haifa, Israel

45.5 £ 11.4 & and 40.7 £ 8.1 years for Ashkenazi, non
Ashkenazi, Moslem, Christian, and Druze participants,
respectively. For ovarian cancer (n = 19) the mean ages
were 45.75 £ 8.2, 579 £ 10.1, 54 £ 8, 70 £ 0, and
72 £ 0 for these origins, respectively. Overall, 22 (8.8%)
participants carried 19 clearly pathogenic mutations—10
BRCAI and 9 BRCA2 (3 novel): 3 in Ashkenazim, 6 in 8 non-
Ashkenazim, 6 in 7 Moslems, 2 in Druze, and 2 in non
Jewish Caucasians. Only three mutations (c.1991del4,
C61G, A1708E) were detected in 2 seemingly unrelated
families of Moslem and non- Ashkenazi origins. There were
no inactivating mutations among 55 Ashkenazi high risk
breast cancer only families. In conclusion, there are no
predominant recurring germline mutations in BRCAI or
BRCA2 genes among ethnically diverse Jewish and non
Jewish high risk families in Israel.
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Introduction

Germline mutations in the BRCAI (MIM # 113705) and
BRCA2 (MIM# 600185) genes can be detected in high risk
breast/ovarian families, and serve to estimate the lifetime
risk for developing these neoplasms in mutation carriers and
the consequential recommendations for early detection and
risk reducing surgeries [1]. More than 3,000 pathogenic
mutations and sequence alterations have been reported
within both genes since they were identified in the mid
1990’s (http://research.nhgri.nih.gov/bic/). In the majority
of world populations, mutations in both genes are family
specific, with no obvious clustering to defined gene regions.
Yet, in several populations, the spectrum of mutations is
rather limited, reflecting a “founder mutation”: the Icelan-
dic [2], the Polish [3], Russian [4], and the Norwegian [5]
populations. Notably, among Ashkenazi Jews (i.e., Jews of
east European ancestry) three mutations in BRCAI (185de-
1AG, 5382InsC) and BRCA2 (6174delT) occur frequently.
These three mutations can be detected in the overwhelming
majority of high risk Jewish Ashkenazi families, in about
35% of consecutive ovarian cancer cases and even in 2.5%
of the general Jewish Ashkenazi population [6-9]. There are
only a handful of other, family specific, mutations in Jewish
Ashkenazi high risk families [10, 11]. Among the non-
Ashkenazim (i.e., Jews from diverse ethnicities such as the
Balkans, Iraq, Iran, North Africa, Yemen) there are also a
handful of recurring mutations in both genes: 185delAG
Tyr978X (BRCAI) and 8765delAG (BRCA2) [12, 13]. Yet
these mutations account for only a minority of high risk, non
Ashkenazi Jewish families.

While the rates of breast cancer among Arab and Druze
women in Israel are lower than those for Jewish women,
there is a reported increase in the rate of breast cancer
diagnosis among non Jewish women in Israel since the mid
1990’s: the age standardized rate (ASR) for Jewish women
was 71.1/100,000 in 1979-1981 and increased by 45.7% to
103.6/100,000 in 2000-2002. These rates for non Jewish
women in Israel were 14.1/100,000 and 42.6/100,000,
respectively, for the same time period, a threefold increase
[14]. Furthermore, the age of diagnosis of breast cancer in
Arab women is substantially younger than Jewish women
in Israel, with the majority of Arab women (79%) diag-
nosed premenopausally and 11% being diagnosed under
the age of 35 years [15]. This pattern of breast cancer
morbidity of Arab women is also reported in Saudi Arabia
[16]. Early age at diagnosis is suggestive of an inherited
predisposition to breast cancer. However, there are only
few reports on the spectrum of BRCAI and BRCA2
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mutations among Arab-Moslem women [17-26]. Further-
more, given the Moslem Arab traditions and practices, it
seemed plausible that several founder mutations may
underlie inherited predisposition in that population. Even
less data is available on the mutational spectra in both
genes among the Druze population, a specific sect that
diverged from Islam in 1017 AD and has a unique social
structure hallmarked by a high rate of consanguinity, inter
marriage, and an inability to join the sect or leave it [27].

The aim of the study was to define the spectrum of
germline mutations in both the BRCAI BRCA2 genes in a
large set of high risk Israeli individuals of Ashkenazi, non
Ashkenazi, Moslem and Christian Arab, and Druze origin.

Patients and methods
Participant identification and recruitment

The study population was recruited from among individu-
als counseled and tested at one of three Oncogenetics
services located at the Sheba Medical Center, Tel-Hasho-
mer, the Rambam Medical Center, Haifa, or the Rivkah Ziv
Medical center in Zefat, since January 1, 2000. Participants
recruited were diagnosed with either breast or ovarian
cancer or [in the minority of cases (n = 12), tested indi-
viduals were asymptomatic women from “high risk breast/
ovarian cancer families” based on well accepted criteria]
[28]. All study participants were unrelated to each other
(i.e., only one patient per family was included). The study
was approved by the IRB, and each patient signed an
informed consent.

DNA extraction

Peripheral blood leukocyte DNA was extracted using the
PUREgene kit (Gentra Inc., Minneapolis, MN), using the
manufacturer’s recommended protocol.

Analysis for the predominant Jewish mutations
in BRCAI BRCA2 genes

Analysis for the predominant Jewish mutations in BRCAI
(185delAG 5382InsC, Tyr978X) and BRCA2 (6174delT,
8765delAG) was carried out using a PCR directed muta-
genesis assay to introduce a restriction site that distin-
guishes between the wild type and the mutant allele, as
previously described [6, 12, 13, 29].

BRCAI genotyping

BRCAI genotyping was performed by exon-specific
amplification using flanking intronic primers and primers
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designed to generate slightly overlapping fragments from
exon 11, as previously described [30]. No analysis for large
genomic rearrangements of BRCAI was performed.

BRCA2 genotyping

BRCA2 genotyping was performed by exon-specific
amplification using flanking intronic primers and primers
designed to generate slightly overlapping fragments from
exon 11, as previously described [30]. In a subset of par-
ticipants (some of the non Ashkenazim, the Moslem and
Druze participants) BRCA2 mutational analysis was per-
formed using heteroduplex analysis (HDA) using enhanced
mismatch mutation analysis (EMMA) technique supple-
mented by sequencing of abnormally migrating fragments,
as previously described [31]. No analysis for large genomic
rearrangements of BRCA2 was performed.

Results
Participants’ characteristics

Overall, there were 250 participants in the study: 72 Ash-
kenazim, 90 non Ashkenazi Jews, 45 Moslem Arabs, 21 non
Moslem Arabs, 17 Druze, and 5 non Jewish Caucasians.
There were 219 women diagnosed with breast cancer (mean
age at diagnosis 43.6 & 10.85), 19 women diagnosed with
ovarian cancer (mean age at diagnosis 57.5 £ 10.7 years).
Twelve women were asymptomatic with a significant family
history of breast/ovarian cancer, where the affected indi-
vidual could not be tested. The mean age at genotyping of
these women was 45.7 + 9.5 years. There were 133 first
degree relatives with breast cancer and 16 first degree rela-
tives with ovarian cancer. The features of the study partic-
ipants are shown in Table 1.

BRCAI and BRCA2 genotyping results
Overall, 22 individuals carried 19 clearly pathogenic

mutations (19/250—6.8% rate for unique mutations
detected and 22/250—8.8% for overall detection rate).

There were 10 mutations in BRCAI (including three
pathogenic missense mutations) and 9 in BRCA2 (including
two pathogenic missense mutations). Three novel muta-
tions were detected (Q1721X in BRCAI, 6855del8 and
9256ins4 in BRCA2), whereas the other pathogenic muta-
tions were previously reported. The rates of mutation car-
riers by ethnic origin was as follows: 3/72 among
Ashkenazim (4.2%), 8/90 among non Ashkenazim (8.9%),
7/45 Moslems (15.5%), 2/17 Druze (11.7%), and 2/5 non
Jewish Caucasians (40%). Three single mutations were
detected in seemingly unrelated families: A1708E
(BRCAI) and C61G (BRCAI) in two non Ashkenazi fam-
ilies, 9256ins4 (BRCA2) in 2 Arab-Moslem families.
Additionally, the putatively pathogenic combination of the
N550H, F486L, Y179C missense mutations (BRCAI) were
detected in two non Ashkenazi families and one Moslem
family. The precise mutations, their novelty and predicted
effects on protein function, clinical characteristics of the
proband and family history of cancer are shown in Table 2
(BRCAI) and Table 3 (BRCA2). Additional sequence
alterations and their pathogenicity status, are also shown in
the same tables.

Discussion

In the present study, the spectrum of germline mutations in
both the BRCAI and BRCA2 genes in breast/ovarian high
risk Israeli women of diverse ethnic origin were deter-
mined. The overall rate was 8.8% for all tested individuals.
For Ashkenazi Jews it seems apparent that the number of
family specific mutations in both genes other than the three
predominant mutations is limited. There were only 3
“private” mutations in this ethnic subset of high risk
families of Ashkenazi origin, a rate of 4.2%. The most
accurate factor in predicting the ability to detect these
private mutations in Ashkenazim is the existence of ovar-
ian cancer. Notably, there were no “private” mutations in
Ashkenazi families even if there were multiple (up to 6)
breast cancer cases diagnosed at an early age in more than
one generation. These data are in line with data previously
published from the Memorial Sloan Kettering Cancer

Table 1 Characteristics of

study participants Ethnicity No. individuals dB.C (agf.: at QVC (age at FDR BC FDR OvC
1agnosis) diagnosis)
Ashkenazi 72 62 (45.1 £ 11.7) 4 (48.75 £ 8.2) 39 (54%) 5 (7%)
Non Ashkenazi 90 78 (45.6 + 10.70) 9 (57.9 £ 10.1) 51 (56%) 5 (5.5%)
Moslems 45 40 (387 £92) 3(54+17.9) 27 (60%) 0
Non Moslem Arabs 21 19 455 £ 11.4) 1 (70) 7(33%) 0
FDR first degree relatives, BC Druze 17 15 (40.7 + 8.2) 2(72) 6 (52%) 4 (23.5%)
breast cancer, OvC ovarian Non Jewish Caucasians 5 5(38.6 + 7.9) 3(60%) 2 (40%)

cancer
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Table 2 Pathogenic and missense mutations in BRCAI by ethnic origin

Ethnicity (# of families) Exon Base change Effect on protein Novel/previously Pathogenic  Ref
reported Y/N/VUS

Ashkenazi Intron 21 5451 + 1 G to C  Exon 21 deletion Previously reported Y BIC
Ashkenazi 11 3889delAG p-Glul257GlufsX8  Previously reported Y BIC
Druze 11 4160delAG p-Gly1348AspfsX7  Previously reported Y BIC
Druze 11 2277 Gto T E720X Previously reported Y BIC
Moslem 15 4643 G to A W1508X Previously reported Y BIC
Moslem 19 5280Cto T Q1721X Novel Y

Non Jewish Caucasian 11 1629delC p.Arg504ValfsX27  Previously reported Y BIC
Non Ashkenazi (2) 5 300Tto G C61G Previously reported Y BIC
Non Ashkenazi (2) 18 5242 Cto A A1708E Previously reported Y BIC
Non Ashkenazi (2); Moslem (1) 11 1767 A to C N550H Previously reported ~ Y* BIC

11 1575 T to C F486L
8 655 Ato G Y179C

Non Ashkenazi 9 676 Cto A S186Y Previously reported  VUS BIC
All ethnicities 16 5075 G to A M16521 Previously reported  VUS BIC
Non Ashkenazi 23 5554 Cto G P1812A Previously reported  VUS [36]
Non Ashkenazi (2); Moslem (3); Druze (1) 11 2196 G to A D693N Previously reported N BIC
Non Ashkenazi (3); Moslem (2) 11 3238 Gto A S1040N Previously reported  VUS BIC
Non Ashkenazi Intron 5 331+4Tto C IVSS 4T<C Novel VUS

VUS variants of unknown significance

* Only the combination of the three missense mutations was reportedly pathogenic [37]

Center in New York, where private mutations in both genes
among Ashkenazim were detected in 3 of 70 high risk
Ashkenazi families (4.3%) if there were ovarian cancer
cases and 1.4% for breast cancer only cases [10]. Thus, it
seems reasonable to recommend full testing of the BRCAI
BRCA?2 genes in Ashkenazim to high risk families with at
least one case of ovarian cancer, after exclusion of the
existence of the founder mutations. Clearly an autosomal
dominant mode of transmission is the most likely inheri-
tance pattern in “BRCA mutation negative” families in the
present study. Thus, these families should be targeted in the
attempts to find novel breast cancer susceptibility genes.

Among non Ashkenazi Jews, there were six pathogenic
mutations in BRCAI (n = 3) and BRCA2 (n = 3) genes
with two mutations detected in two families—overall a
mutation detection rate of 8.9%. These data on the rate of
BRCAI and BRCA2 mutations in non Ashkenazim are in
line with our own published data [29] as well as those of
Palma and coworkers [11], but well below the report of
Frank and co-workers of ~21.6% among Jewish non
carriers of the predominant mutations [32]. Thus, although
full mutational analysis of BRCAI BRCA2 in non Ashke-
nazi Jews is warranted, clearly other genes underlie the
majority of inherited predisposition to breast/ovarian can-
cer in this subset of individuals.

Of the 19 pathogenic mutations in BRCAI and BRCA2
described herein, 6 were detected among in 7 individuals of
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45 Arab Moslem (Palestinian) women (15.5%) and 2
among 17 Druze individuals (11.7%). This is the most
comprehensive analysis published to date on high risk
families of these origins. Overall, there are only a handful
of germline mutations among Moslem women that were
reported world-wide, with a paucity of data about the
Palestinian population: an inactivating mutation (E1373X)
in BRCAI [18] another clearly pathogenic mutation
(2482delGACT) in BRCA2 [17] and several missense
mutations of unknown pathogenic significance in our own
previously published series [29].

The data presented in this study, combined with these
previous reports among Palestinians, signify that despite
theoretical predictions and assumptions that the spectrum
of mutations in BRCAI BRCA2 among Palestinians is
limited, the reality is that like most world populations full
analysis of both genes is warranted in the appropriate
clinical setting. Notably, all but one of the mutations was
detected only once. This lack of an apparent founder
mutation in both BRCAI and BRCA2 genes in the Arab
(Moslem, Christian, and Druze) population is intriguing.
Despite the fact that the Druze sect is a clear example of a
genetic isolate, there are no predominant or recurring
mutations among high risk families of Druze (or Moslem)
origin. Several reasons could account for the low rate of
detection of BRCAI and BRCA2 mutations in these ethnic
populations: low threshold of family history at selection,
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Table 3 Pathogenic and missense mutations in BRCA2 by ethnic origin

Ethnicity Exon Base change Effect on protein Novel/previously Pathogenic Ref
reported Y/N/VUS*

Moslem (2) 10 1991del4 p-Asn588SerfsX25 Previously reported Y BIC

Moslem 11 6855del8 p.11e2209MetfsX13 Novel Y

Moslem 23 9256ins4 p-His3010LeufsX22 Novel Y

Moslem Intron 24 9485-1 G to C Splice site mutation Previously reported Y BIC

Non Ashkenazi 21 8910 Cto T Q2893X Previously reported Y [38]

Non Ashkenazi 11 5164del4 p-Glu1646GInfsX23 Previously reported Y BIC

Ashkenazi 11 4075delGT p-Vall283LysfsX1 Previously reported Y BIC

Non Jewish Caucasian 13 7235 G to A R2336H Previously reported Y BIC

Non Ashkenazi 13 7235 G to C R2336P Previously reported Y BIC

All ethnicities 10 1093 A to C N289H Previously reported No BIC

All ethnicities 10 1342Cto A N372H Previously reported No BIC

Moslem 11 6575 A to G H2116R Previously reported No BIC

Moslem 27 10204 Ato T K3326X Previously reported No BIC

Moslem 10 1206 C to A S326R Previously reported No BIC

Druze 11 5540 G to A G1771D Previously reported No BIC

Druze (2) 10 2117Cto T T6301 Previously reported VUS BIC

Moslem 27 10187 Cto T P3320L Novel VUS

Moslem 11 4472 A to G E1415G Novel VUS

Moslem 11 6625 T to C S2133P Novel VUS

Non Ashkenazi 10 1487 A to G D420G Novel VUS

Non Ashkenazi® 18 8343 Cto G S2705R Novel VUS

Non Moslem Arabs 18 8220 Tto G 12664M Novel VvUS

Druze 11 2249 Ato G H674R Novel VUS

Non Ashkenazi (2) 25 9520 T to C Y3098H Previously reported VUS BIC

Non Ashkenazi 12 7081 A to G 12285V Previously reported VvUS BIC

Non Ashkenazi 14 7460 A to C K2411T Previously reported VvuS BIC

Non Ashkenazi and Ashkenazi 11 5972 T to C T1915M Previously reported VvUS BIC

Ashkenazi 23 9313 Gto A A3029T Previously reported vusS BIC

All ethnicities 27 10462 A to G 13412V Previously reported vusS BIC

Moslem 11 3283 Cto G L1019V Previously reported VUS BIC

Moslem 11 4289 Cto T T1354M Previously reported VUS BIC

Moslem 14 7625Cto T A2466V Previously reported VvUS BIC

Moslem 27 10382 G to A R3385H Previously reported VvUuS BIC

* No co-segregation with breast cancer phenotype in the family

inadequate selection criteria, phenocopies that were ana-
lyzed or the reduced rate of BRCAI BRCA2 carriership
predicted in societies where consanguineous marriages
have been practiced [33].

The limitations of the present study should be outlined:
the methodology for detecting BRCA2 mutations (EMMA)
may have missed existing mutations. Notably EMMA has
been shown to be a similar sensitivity and provide the same
mutation rate and accuracy as DHPLC in a large series
(n = 1525) of genotyped individuals [34]. The existence of
large genomic rearrangement was not excluded. However,
at least among Ashkenazim, the contribution of such

genomic events to the overall burden of inherited predis-
position to breast cancer is limited [11, 35]. Moreover, the
representation of the non Jewish populations may have
been suboptimal, as these represent families from three
medical centers, which may under represent some sects in
the non Jewish populations in Israel.

In conclusion, there are no recurring mutations in
BRCAI and BRCA?2 genes among high risk Moslem Israeli,
Druze and non Ashkenazi Jews. Thus, in order to evaluate
the putative contribution of both genes to inherited pre-
disposition to breast cancer of individuals from these eth-
nicities, full mutational analysis is warranted. The
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existence of novel breast cancer genes is supported by the
extreme paucity of “private” mutations in BRCAI BRCA2
among high risk Ashkenazi families.
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