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Frequently Occurring Germ-Line Mutations of the
BRCA1 Gene in Ovarian Cancer Families from Russia

To the Editor:
Germ-line mutations of the BRCA1 gene are thought to
be responsible for the cancer in 80%-90% of families
containing multiple cases of both breast and ovarian
cancer (Easton et al. 1993). In addition, BRCA1 is pre-
dicted to be responsible for the cancer in the majority
of site-specific ovarian cancer families containing three
or more cases of epithelial ovarian cancer and no cases
of early-onset breast cancer (Steichen-Gersdorf et al.
1994). Since the isolation of BRCA1 (Miki et al. 1994),
>130 distinct germ-line mutations have been reported,
primarily in multiple-case breast/ovarian cancer families
(Couch et al. 1996). The majority of these mutations
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are predicted to result in truncation of the BRCA1 pro-
tein, as a result of frameshift, nonsense, or splice-site
alterations. Two mutations occur with a relatively high
frequency: 185delAG and 5382insC account for -22%
of all mutations reported. The 185delAG mutation is
particularly common in Ashkenazi Jews; it has a fre-
quency of 1% in this population and is present in
almost 20% of Ashkenazi Jews with early-onset breast
cancer (Streuwing et al. 1995; Fitzgerald et al. 1996;
Roa et al. 1996). The 5382insC mutation also appears
to be relatively common in the Ashkenazi Jewish popula-
tion, with a frequency of 0.13% in a large series of
unselected Ashkenazi Jews (Roa et al. 1996).

Epidemiological data suggest that the risk of ovarian
cancer varies between different families linked to the
BRCA1 locus; in the majority of these families, there
appears to be a high risk of breast cancer but a relatively
low risk of ovarian cancer, whereas in a minority of
families there appears to be an equally high risk of both
breast cancer and ovarian cancer (Easton et al. 1995).
In support of this, two recent studies have indicated that
the incidence of breast cancer and ovarian cancer in
families is correlated with the location of the BRCA1
mutation (Gayther et al. 1995; Holt et al. 1996). When
mutations that result in a truncated BRCA1 protein oc-
cur in the first two-thirds of the gene, the risk of ovarian
cancer relative to breast cancer in the family is signifi-
cantly higher than when truncating mutations occur in
the last one-third of the gene.
We have analyzed a series of predominantly ovarian

cancer families, collected in Russia, for germ-line muta-
tions of the BRCA1 gene. Nineteen families containing
at least two first-degree relatives with epithelial ovarian
cancer (borderline ovarian cancer was not included)
were identified through the Russian Academy of Medi-
cal Sciences in Moscow. For the analysis, genomic DNA
was available from one affected individual of each fam-
ily. In total, these families contained 47 cases of ovarian
cancer, diagnosed at any age, and 3 cases of breast can-
cer, diagnosed at 660 years of age (table 1).

Mutation analysis was performed by use of a combi-
nation of single-strand conformation analysis and het-
eroduplex analysis (SSCA/HA) and the protein-trunca-
tion test (PTT), as described in previous studies (Gayther
et al. 1996; Friedman et al. 1997). Variants identified
by SSCAIHA and/or PTT were characterized further by
fluorescent sequencing using the model 373A semiauto-
mated sequencing system (Applied Biosystems). In addi-
tion, genotyping with four microsatellite polymorphisms
(D17S855, D17S1322, D17S1323, and D17S1327) lo-
cated within or flanking BRCA1 was performed for each
individual (Neuhausen et al. 1996).
The results of this analysis are presented in table 1.

Four different truncating mutations were identified in
14 (74%) apparently distinct families. Two of these mu-

tations, 2073delA and 4153delA, have not been re-
ported in any population outside this series of ovarian
cancer families (Couch et al. 1996; Breast Cancer Infor-
mation Core 1997). A novel missense variant,
Metl628Thr, also was identified in one family (SDK
262). Although this alteration has not been reported
previously, the possibility remains that it is a rare variant
without disease association. The amino acid change is
relatively conservative, and cross-species comparison in-
dicates that, although the amino acid at this position is
similar between human BRCA1 and murine Brcal, it is
not identical (Abel et al. 1995; Sharan et al. 1995). A
population-based analysis of this variant in breast can-
cer and ovarian cancer cases, as compared with controls
from Russia, will be required for further assessment of
its disease association. In addition, the Metl628Thr
variant is located within a region of the protein that
demonstrates transcriptional transactivation activity
(Chapman and Verma 1996); it therefore may be possi-
ble to test directly the functional significance of this al-
teration.
The 5382insC mutation was detected in nine appar-

ently distinct families. This mutation has been shown in
previous studies to be associated with a rare haplotype,
suggesting that it is derived from a common ancestor
(Neuhausen et al. 1996). In this study, only one affected
individual was available from each family with the
5382insC mutation, and, therefore, phase discrimina-
tion of genotypes was not possible. The genotype estab-
lished for four microsatellite polymorphisms in or near
the BRCA1 gene is consistent with the fact that all nine
individuals with the 5382insC mutation share the same
rare haplotype, which has been shown in previous stud-
ies to be associated with this mutation (data not shown).
Allelotyping also was consistent with the fact that the
three families with the 4153delA mutation share a com-
mon haplotype.
The prevalence of germ-line BRCA1 mutations in

these families is much greater than would have been
predicted from previous epidemiological studies, consid-
ering the histories of cancer in the families (Easton et
al. 1993; Steichen-Gersdorf et al. 1994). Truncating mu-
tations were detected in all 7 families containing three
or more cases of ovarian cancer and/or breast cancer
and in 7 (58%) of 12 families containing two cases of
ovarian cancer only. In a study of families, ascertained
in the United Kingdom, containing two or more first-
degree relatives with ovarian cancer, BRCA1 mutations
were detected in 52% of families containing three or
more cases of ovarian cancer and/or breast cancer and
in 17% of families containing two cases of ovarian can-
cer only (S. A. Gayther and B. A. J. Ponder, unpublished
data).

Perhaps the most interesting finding of this study is the
suggestion that mutations in BRCA1 may be responsible

1240



Table 1

Germ-line Mutations of the BRCA1 Gene Identified in Ovarian Cancer and Ovarian/Breast Cancer Families Ascertained in Russia

No. OF REPORTED ORIGIN OF PROBAND
CASES OF CANCER MUTATIONa

Stated Nationality
FAMILY Ovarian Breastb Exon Codon Alteration Birthplace or Ethnicity

EAL 3/92 5 ... 20 1756 5382insC Moscow Jewish
EAW 5/92 3 1 20 1756 5382insC Moscow Russian
JNK 4/92 2 1 20 1756 5382insC Moscow region Russian
KFS 1/92 4 ... 11 1252 3875del4 Moscow region Russian
LCB 13/92 2 ... ... ... ... Moscow region Russian
LIK 12/92 2 1 20 1756 5382insC Ukraine Russian
MNN 14/92 2 ... 20 1756 5382insC Azerbaijan Tatarvian
NIV 6/92 2 ... ... ... ... Moldova Moldovian
NNS 23/93 2 ... 20 1756 5382insC Belarus Belarussian
OMI 8/92 2 ... 20 1756 5382insC Moscow Russian
PVM 9/92 2 ... ... ... ... Moscow Russian
SAD 7/92 2 ... 20 1756 5382insC Moscow Russian
TIR 11/92 3 ... 20 1756 5382insC Siberia Jewish
SDK 262 2 ... 16 1628 M1628T Irkutsk, Siberia Russian
VIK 18/92 2 ... 11 652 2073delA Moscow Russian
VKA 19/92 2 ... 11 1345 4153delA Moscow Russian
VMB 15/92 2 ... 11 1345 4153delA Moscow Russian
VVN 21/93 2 ... ... ... ... Udmurt Republic Russian
YPT 2/92 4 ... 11 1345 4153delA Moscow region Russian

a A portion of the data presented here has been published previously
bDiagnosed at <60 years of age.

for almost 75% of familial ovarian cancer in Russia. Fur-
thermore, two apparent founder mutations, 5382insC and
4153delA, account for 86% of all mutations. Until a larger
sample set that is more clearly representative of the ethnic
diversity of the Russian population can be analyzed, these
findings must be interpreted with caution. A bias could
have occurred if the method of ascertainment led us un-

knowingly to sample several closely related branches of
the same family, although this appears unlikely because
of the apparently diverse geographic and ethnic spread
reported for the probands of these families, particularly
for the 5382insC mutation (table 1).

It is perhaps surprising, in the light of previous find-
ings, that the 5382insC mutation is so frequent in this
series of predominantly ovarian cancer families. This
mutation is located in exon 20 of BRCA1, in a region
that is more commonly associated with a low risk of
ovarian cancer and/or with an increased risk of breast
cancer (Gayther et al. 1995; Holt et al. 1996). Similarly,
a recent study suggests that the 5382insC mutation oc-

curs frequently in predominantly breast cancer families
from Hungary (Ramus et al. 1997 [in this issue]). The
most likely explanation for the apparent discrepancy is
that the results reported here were obtained on a set of
samples that were ascertained specifically for ovarian
cancer. However, it may be that there is real variation,
between different populations, in the breast cancer and/

(Gayther et al. 1996).

or ovarian cancer risks associated with the 5382insC
mutation and that these risks are modified by genetic
background (Phelan et al. 1996) or by environmental
factors. Analysis of breast cancer families and of popula-
tion-based series of breast cancer and ovarian cancer
cases from Russia is needed to resolve this issue.

If population-based studies indeed confirm that the
5382insC and 4153delA mutations are common and
account for a significant proportion of breast cancers
and ovarian cancers, screening may be possible along
the same lines as has been suggested for the Ashkenazi
Jewish population. However, as in the case of the Ash-
kenazi Jews, it will be necessary to know the risks associ-
ated with each mutation and to have the resources and
the ability to act on the information.
SIMON A. GAYTHER,1 PATRICIA HARRINGTON,1 PAUL

RUSSELL,1 GALINA KHARKEVICH,2 R. F.
GARKAVTSEVA,2 AND BRUCE A. J. PONDER'

1CRC Human Cancer Genetics Research Group,
Addenbrooke's Hospital, Cambridge; and 2Russian

Academy of Medical Sciences, Cancer Research
Centre, Moscow

Acknowledgments
The laboratory work in this study was funded by a program

grant from the Cancer Research Campaign (CRC). B.A.J.P. is
a Gibb Fellow of the CRC.

Letters to the Editor 1241



1242 Letters to the Editor

References

Abel KJ, Xy J, Yin G-Y, Lyons RH, Meisler MH, Weber BL
(1995) Mouse Brcal: localization, sequence analysis and
identification of evolutionarily conserved domains. Hum
Mol Genet 4:2265-2273

Breast Cancer Information Core (BIC) (1997) http://www
.nhgri.nih.gov/lntramural research/Labtransfer/Bic

Chapman MS, Verma IM (1996) Transcriptional activation
by BRCA1. Nature 382:678-679

Couch FJ, Weber BL, Breast Cancer Information Core (1996)
Mutations and polymorphisms in the familial early-onset
breast cancer (BRCA1) gene. Hum Mutat 8:8-18

Easton DF, Bishop DT, Ford D, Crockford GP, Breast Cancer
Linkage Consortium (1993) Genetic linkage analysis in fa-
milial breast and ovarian cancer: results from 214 families.
Am J Hum Genet 52:678-701

Easton DF, Ford D, Bishop DT, Breast Cancer Linkage Con-
sortium (1995) Breast and ovarian cancer incidence in
BRCA1-mutation carriers. Am J Hum Genet 56:265-271

Fitzgerald MG, MacDonald DJ, Krainer M, Hoover I, O'Neil
E, Unsal H, Silva-Arrieto S, et al (1996) Germ-line BRCA1
mutations in Jewish and non-Jewish women with early-on-
set breast cancer. N Engl J Med 334:143-149

Friedman LS, Gayther SA, Kurosaki T, Gordon D, Noble B,
Casey G, Ponder BAJ, et al (1997) Mutation analysis of
BRCA1 and BRCA2 in a male breast cancer population.
Am J Hum Genet 60:313-319

Gayther SA, Harrington P, Russell P, Kharkevich G, Garkavt-
seva RF, Ponder BAJ, UKCCCR Familial Ovarian Cancer
Study Group (1996) Rapid detection of regionally clustered
germ-line BRCA1 mutations by multiplex heteroduplex
analysis. Am J Hum Genet 58:451-456

Gayther SA, Warren W, Mazoyer S, Russell PA, Harrington
PA, Chiano M, Seal S, et al (1995) Germline mutations of
the BRCA1 gene in breast and ovarian cancer families pro-
vide evidence for a genotype-phenotype correlation. Nat
Genet 11:428-433

Holt JT, Thompson ME, Szabo C, Robinson-Benion C, Ar-
teaga CL, King M-C, Jensen RA (1996) Growth retardation
and tumour inhibition by BRCA1. Nat Genet 12:298-302

Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman
K, Tavtigian S, Liu Q, et al (1994) A strong candidate for
the breast and ovarian cancer susceptibility gene BRCA1.
Science 266:66-71

Neuhausen SL, Mazoyer S, Friedman L, Stratton M, Offit K,
Caligo A, Tomlinson G, et al (1996) Haplotype and pheno-
type analysis of six recurrent BRCA1 mutations in 61 fami-
lies: results of an international study. Am J Hum Genet 58:
271-280

Phelan CM, Rebbeck TR, Weber BL, Devilee P, Ruttledge
MH, Lynch HT, Lenoir GM, et al (1996) Ovarian cancer
risk in BRCA1 carriers is modified by the HRAS1 variable
number of tandem repeats (VNTR) locus. Nat Genet 12:
309-311

Ramus SJ, Kote-Jarai Z, Friedman LS, van der Looij M,
Gayther SA, Csokay B, Ponder BAJ, et al (1997) Analysis
of BRCA1 and BRCA2 mutations in Hungarian families
with breast or breast-ovarian cancer. Am J Hum Genet 60:
1242-1246 (in this issue)

Roa BB, Boyd AA, Volcik K, Richards CS (1996) Ashkenazi
Jewish population frequencies for common mutations in
BRCA1 and BRCA2. Nat Genet 14:185-187

Sharan SK, Wims M, Bradley A (1995) Murine Brcal: se-
quence and significance for human missense mutations.
Hum Mol Genet 4:2275-2278

Steichen-Gersdorf E, Gallion HH, Ford D, Girodet C, Easton
DF, DiCioccio RA, Evans G, et al (1994) Familial site-spe-
cific ovarian cancer is linked to BRCA1 on 17q12-21. Am
J Hum Genet 55:870-875

Streuwing JP, Abeliovich D, Peretz T, Avishai N, Kaback MM,
Collins FS, Brody LC (1995) The carrier frequency of the
BRCA1 185delAG mutation is approximately 1 percent in
Ashkenazi Jewish individuals. Nat Genet 11:198-200

Address for correspondence and reprints: Dr. Simon A. Gayther, CRC Human
Cancer Genetics Research Group, Box 238, Addenbrooke's Hospital, Hills
Road, Cambridge, CB2 2QQ, United Kingdom. E-mail: sg200@cus.cam.ac.uk
© 1997 by The American Society of Human Genetics. All rights reserved.
0002-9297/97/6005-0027$02.00

Am. J. Hum. Genet. 60:1242-1246, 1997

Analysis of BRCA1 and BRCA2 Mutations in
Hungarian Families with Breast or Breast-Ovarian
Cancer

To the Editor:
Breast cancer is the most common malignancy among
women; and the strongest epidemiological risk factor
for the disease is a positive family history. A breast-
ovarian cancer-susceptibility gene, BRCA1, on chromo-
some 17q21 has been isolated by positional cloning (Fu-
treal et al. 1994; Miki et al. 1994). More than 130
different mutations have been described in the BRCA1
gene (Couch et al. 1996b). A second breast cancer-sus-
ceptibility gene, BRCA2, has been identified on chromo-
some 13q12-13 (Wooster et al. 1994, 1995; Tavtigian
et al. 1996). Founder mutations have been described
in several populations, for both BRCA1 and BRCA2
(Struewing et al. 1995; Tonin et al. 1995; Couch et al.
1996a; Neuhausen et al. 1996a; Thorlacius et al. 1996).
Hungarian individuals with a family history of breast

or breast-ovarian cancer were studied to identify the
number and frequency of BRCA1 and BRCA2 muta-
tions. The minimum criterion for inclusion was that the
family contain at least two first-degree relatives with
breast or ovarian cancer diagnosed at any age. Cases
with a strong family history of breast or ovarian cancer
were selected preferentially. Seventy-five percent of the
families selected for this study had three or more cases of
breast or ovarian cancer. Genomic DNA samples were
available from affected individuals in 32 families with
breast or breast-ovarian cancer. One affected individual


