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Abstract

 

Background.

 

Mutations in a germ-line al-
lele of the 

 

BRCA1

 

 gene contribute to the familial breast
cancer syndrome. However, the prevalence of these
mutations is unknown in women with breast cancer who
do not have the features of this familial syndrome. We
sought 

 

BRCA1

 

 mutations in women who were given a
diagnosis of breast cancer at an early age, because
early onset is characteristic of a genetic predisposition
to cancer.

 

Methods.

 

Clinical information and peripheral-blood
mononuclear cells were obtained from 418 women from
the Boston metropolitan area in whom breast cancer was
diagnosed at or before the age of 40. A comprehensive

 

BRCA1

 

 mutational analysis, involving automated nucle-
otide sequencing and a protein-truncation assay, was
undertaken in 30 of these women, who had breast can-
cer before the age of 30. In addition, the 

 

BRCA1

 

 muta-
tion 185delAG, which is prevalent in the Ashkenazi Jewish
population, was sought with an allele-specific polymer-

ase-chain-reaction assay in 39 Jewish women among
the 418 women who had breast cancer at or before the
age of 40.

 

Results.

 

Among 30 women with breast cancer before
the age of 30, 4 (13 percent) had definite, chain-terminat-
ing mutations and 1 had a missense mutation. Two of the
four Jewish women in this cohort had the 185delAG mu-
tation. Among the 39 Jewish women with breast cancer
at or before the age of 40, 8 (21 percent) carried the
185delAG mutation (95 percent confidence interval, 9 to
36 percent).

 

Conclusions.

 

Germ-line 

 

BRCA1

 

 mutations can be
present in young women with breast cancer who do not
belong to families with multiple affected members. The
specific 

 

BRCA1

 

 mutation known as 185delAG is strong-
ly associated with the onset of breast cancer in Jewish
women before the age of 40. (N Engl J Med 1996;334:
143

 

-

 

9.)
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T

 

HE 

 

BRCA1

 

 gene has been identified at the chromo-
some 17q locus, which is linked to familial breast

and ovarian cancer.

 

1,2

 

 

 

BRCA1,

 

 a potential tumor-sup-
pressor gene, encodes a predicted 200-kd protein whose
function is unknown. Genetic susceptibility to breast
cancer results from the inactivation of one 

 

BRCA1

 

 allele
in the germ line, followed by the loss of the remaining
allele in somatic breast tissue.

 

1,3

 

 Unlike mutations in
other known tumor-suppressor genes, 

 

BRCA1

 

 muta-
tions have only been detected in specimens of breast-
cancer tissue when there is a mutated germ-line allele.
The role of 

 

BRCA1

 

 mutations in breast cancer is there-
fore limited to women with a genetic susceptibility to
this tumor.

Molecular analysis of familial breast cancer has iden-
tified 

 

BRCA1

 

 mutations in 31 of 100 families, and ge-
netic-linkage studies suggest that in half of kindreds
with breast cancer and in 80 percent of families with a
history of both breast and ovarian cancer, there is in-

heritance of a mutated 

 

BRCA1

 

 allele.

 

1,3-7

 

 It has been es-
timated that in such kindreds the inheritance of a mu-
tated 

 

BRCA1

 

 allele confers a 59 percent chance that
breast or ovarian cancer will appear by the age of 50
and an 82 percent chance that one of these cancers will
appear by the age of 70.

 

8,9

 

We do not know the incidence of germ-line 

 

BRCA1

 

mutations in women in the general population who
may be at increased risk for breast cancer but who
do not belong to large families with multiple affected
members. About 6 to 19 percent of women with breast
cancer have an affected relative,

 

10,11

 

 but this in itself
does not reliably identify women with a high risk for
a 

 

BRCA1

 

 mutation. Coincidental cases in large fami-
lies may reflect only the high incidence of sporadic
breast cancer, and in small families the absence of
multiple affected family members cannot rule out the
presence of a 

 

BRCA1

 

 mutation. Clinical features that
suggest a genetic predisposition include bilateral breast
cancer; bilateral premalignant lesions, such as lobular
carcinoma in situ; and unusually young age at presen-
tation.

 

12

 

Early age at diagnosis is a useful marker of genetic
susceptibility to cancer. In children predisposed to ret-
inoblastoma or Wilms’ tumor by a germ-line mutation
in the 

 

RB

 

 or 

 

WT1

 

 genes, cancer develops earlier than
in patients with sporadic disease

 

13,14

 

; in adults with fa-
milial polyposis who carry a germ-line mutation in the

 

APC

 

 gene, polyps and colonic carcinoma appear early
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in life.

 

15,16

 

 In women with familial breast cancer, tumors
usually appear before the age of 45, a considerably
younger age than is typical in the general population.

 

17

 

An epidemiologic model predicts that 36 percent of all
women in whom breast cancer appears between the
ages of 20 and 29 have a genetic predisposition, as
compared with 1 percent of women with breast cancer
diagnosed at the age of 80 or older.

 

18

 

 The annual inci-
dence of breast cancer in women 20 to 29 years old is
1.7 per 100,000 women; these young patients account
for 1.5 percent of all cases of breast cancer in the Unit-
ed States.

 

17

 

 To test the hypothesis that women who
have breast cancer at a young age have a high proba-
bility of carrying a 

 

BRCA1

 

 mutation, we analyzed the
prevalence of germ-line 

 

BRCA1

 

 mutations in women
with early-onset breast cancer. In addition, we studied
Jewish women who had breast cancer at an early age
to determine the presence of a specific 

 

BRCA1

 

 allele
with a mutation at position 185 involving a deletion of
adenine and guanine (185delAG) that has recently
been found in 1 percent of the Ashkenazi Jewish pop-
ulation.

 

19

 

M

 

ETHODS

 

Study Patients

 

Women in whom breast cancer developed between 1981 and 1992
at or before the age of 40 were identified by retrospectively reviewing
the medical records at four breast-cancer referral centers in Boston
— Massachusetts General Hospital, Dana–Farber Cancer Institute,
Beth Israel Hospital, and Faulkner Hospital. Among 850 eligible
women, 418 agreed to donate blood for an analysis of genes for sus-
ceptibility to breast cancer, the results of which would not be dis-
closed. The blood samples were coded, and the confidentiality of the
patients was preserved, in accordance with the guidelines for studies
of human subjects of the collaborating hospitals. Medical and family
histories and demographic variables (including religion and ethnic
origin) were obtained by direct interviews, and pathological diag-
noses were confirmed by a review of the medical records. In a rigor-
ous determination of the presence of 

 

BRCA1

 

 mutations in women
with early-onset breast cancer, the entire coding region of the

 

BRCA1

 

 gene was analyzed in a subgroup of 30 women in whom
breast cancer developed before the age of 30. In addition, 39 Jewish

women among the 418 women who had breast cancer at or before the
age of 40 were screened for the 185delAG mutation.

 

Blood Samples and Molecular Strategies

 

Blood samples were obtained for the extraction of genomic DNA
and polyA messenger RNA (mRNA), which were isolated from pe-
ripheral-blood mononuclear cells by standard procedures. First-
strand complementary DNA (cDNA) was synthesized from the polyA
mRNA with random hexamers (Pharmacia). B lymphoblasts immor-
talized by the Epstein–Barr virus were also prepared from all speci-
mens, and when appropriate, paraffin-embedded blocks of the pri-
mary tumor were obtained for a mutational analysis based on the
polymerase chain reaction (PCR).

 

Protein Transcription–Translation Assay

 

Protein transcription–translation (PTT) analysis detects prema-
ture stop codons in a single reaction by amplifying DNA fragments of
the coding region, transcribing the fragments into mRNA, and trans-
lating the mRNA into radiolabeled peptides.

 

16,20

 

 The results of genom-
ic DNA–based PTT analysis of 

 

BRCA1

 

 exon 11 were reported while
this study was in preparation,

 

21

 

 and we undertook to screen the entire

 

BRCA1

 

 coding region using both mRNA and genomic DNA–based
PTT analysis. 

 

BRCA1

 

 contains 24 exons, the first of which is noncod-
ing; exon 4 consists of a repetitive sequence of the Alu family that is
omitted from most transcripts; and exon 11 contains 3.5 kb of the en-
tire 5.6-kb coding sequence.

 

1

 

 The 

 

BRCA1

 

 gene transcript was there-
fore divided into six overlapping fragments (Fig. 1, top panel): the
5

 

� 

 

end, containing exons 2 through 10 and the 5

 

�

 

 end of exon 11
(amino acids 1 through 265), and the 3

 

�

 

 end, containing exons 12
through 24 and the 3

 

�

 

 end of exon 11 (amino acids 1354 through
1864), were amplified as single fragments from randomly primed
cDNA. Exon 11 was first amplified as a single 3.5-kb fragment from
genomic DNA by long-range PCR, with ExTaq (Takara), followed by
nested PCR amplification of four overlapping fragments (AP, con-
taining amino acids 224 through 499; BP, containing amino acids
461 through 749; CP, containing amino acids 712 through 1056; and
DP, containing amino acids 1020 through 1366). The 5

 

�

 

 oligonucle-
otide for each of the six PCR fragments contained a T7 polymerase
recognition site, a Kozak consensus sequence, and a start codon, to
allow the transcription and translation of uncloned PCR products.
The analysis of uncloned PCR products ensured that both 

 

BRCA1

 

alleles would be represented and reduced the possibility of any poly-
merase-induced error that might be present in an individual PCR
product. One microgram of the PCR product was incubated with T7
polymerase and rabbit reticulocyte lysate in a transcription–transla-
tion mix (Promega) in the presence of 

 

35

 

S-labeled methionine (Am-
ersham), followed by electrophoresis with 12 percent and 15 percent

 

Figure 1. Mutational Analysis of 

 

BRCA1.

 

The top panel shows the genomic structure of 

 

BRCA1

 

 and the strategies for the protein transcription–translation (PTT) assay and
nucleotide sequencing. Exons 1 and 4 are not shown because they are noncoding exons. When possible, fragments of the 

 

BRCA1

 

coding region were amplified by PCR from reverse-transcribed mRNA (cDNA). However, the presence of extensive alternative splic-
ing at the 5

 

�

 

 end of the 

 

BRCA1

 

 transcript required that individual exons be amplified from genomic DNA by PCR; the large exon 11
was amplified most readily from genomic DNA.

The middle panel (boxed) shows the results of an electrophoretic analysis of peptides produced by PCR-amplified fragments of

 

BRCA1

 

 from eight patients. The PTT assay revealed a heterozygous mutation in Patient 99. Half the DNA fragments amplified from
Patient 99 contained a premature stop codon resulting from a mutation in one of the 

 

BRCA1

 

 alleles. The transcription of the DNA
fragments into mRNA and subsequent translation into radioactively labeled protein yielded a truncated peptide (arrow), along with

the full-length normal product.
The bottom panel shows an analysis of the heterozygous mutation in Patient 99 by automated nucleotide sequencing. The wild-type

 

BRCA1

 

 sequence was 5

 

�

 

GAAAC

 

AT

 

GTAA3

 

� 

 

(underlined). The deletion of 

 

AT

 

 in one of the two alleles resulted in a shift in the reading
frame and a premature stop codon. Both alleles are analyzed together here. In the plus strand, the nucleotide sequence reads from
left to right. The arrowhead indicates the site of the deletion of the two nucleotides in one allele and the resulting unsynchronized
sequence: to the right of the arrowhead, two nucleotides are recognized at each position, with a corresponding reduction in the signal
intensity of each. The nomenclature used to indicate the presence of two nucleotides in the same position is as follows: R denotes
A

 

�

 

G; W, A

 

�

 

T; S, G

 

�

 

C; K, G�T; and Y, C�T. For the minus strand, the sequence (converted from antisense to sense nucleotides
in this analysis) reads from right to left; the arrowhead again marks the site of the heterozygous deletion, and the sequence to the

left of the arrowhead is unsynchronized.
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BRCA1 exons
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Sequencing
strategy
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Amplify by PCR as 1 fragment
from cDNA

Use PCR to amplify each
exon from genomic DNA

Amplify by PCR as 4 overlapping
fragments from genomic DNA

Amplify by PCR as 12 overlapping
fragments from genomic DNA

Amplify by PCR as 1 fragment
from cDNA

Amplify by PCR as 4 overlapping
fragments from cDNA

Use PCR to amplify each
exon from genomic DNA

43 49 53 79 84 99 100 103
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Minus strand (sense)

Plus strand (sense)

1600

1600

0

0
1087

3056

polyacrylamide–sodium dodecyl sulfate gels. The sequence of all
primers used and the optimal PCR conditions have been submitted
to the Breast Cancer Information Core electronic data base (Internet
address: http://www.nchgr.nih.gov/dir/lab_transfer/bic/).

Automated Nucleotide Sequencing
The sequence of the entire 5.6-kb coding region of BRCA1 was de-

termined for each germ-line specimen with automated sequencing of
both strands of uncloned PCR products using dye-labeled dideoxy
terminators (Applied Biosystems). The use of uncloned PCR prod-
ucts allowed both alleles to be analyzed in a single reaction and min-

imized artifactual errors in any one product. The most direct ap-
proach, analysis of reverse-transcriptase PCR products spanning the
entire BRCA1 transcript, was complicated by the low level of BRCA1
mRNA expression in peripheral-blood mononuclear cells and by al-
ternative mRNA splicing at the 5� end of the transcript. Conditions
were therefore optimal for sequencing analysis with templates de-
rived by PCR amplification of both genomic DNA and cDNA. The
5� end of BRCA1 (exons 2 through 5, 7 through 10, and 13 and 14)
was amplified from genomic DNA with primers complementary to
the intron sequences flanking each exon. These exons could not be
sequenced successfully from cDNA as a single fragment because of
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