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A B S T R A C T

Women diagnosed with breast cancer before the age of 40 years who have a strong family

history of breast and/or ovarian cancer were selected from an Australian population-based

case-control-family study for large deletion screening within the BRCA1 promoter. Dele-

tions within the BRCA1 promoter region are usually not detected by the methods applied

in routine clinical mutation detection strategies. Fifty-one of the 66 women (77%) who

met our inclusion criteria were tested for promoter deletions using linkage disequilibrium

analysis of two BRCA1 polymorphic sites (C/G1802 and Pro871Leu) and multiplex ligation-

dependent probe amplification. Two cases of BRCA1 promoter deletion involving exons

1A-2 and exons 1A-23 were detected. The morphology of the breast cancers arising in these

women with BRCA1 promoter deletions was consistent with the morphology associated

with other germline BRCA1 mutations. Large genomic deletions that involve the promoter

regions of BRCA1 make up 20% (2/10) of all known BRCA1 mutations in this group of young

women with a strong family history of breast and ovarian cancer. Our data support the

inclusion of testing for large genomic alterations in the BRCA1 promoter region in routine

clinical mutation detection within BRCA1.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Large genomic alterations within BRCA1 are now known to

represent a non-trivial proportion of deleterious, clinically

relevant, BRCA1 mutations. Early studies of genomic altera-

tions reported several large deletions, many with evidence
er Ltd. All rights reserved
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of founder effects (for example, Ref. 1), but the molecular

methods were laborious, technically challenging and usually

required a large amount of genomic DNA. More recently,

Hogervorst et al.2 described a multiplex ligation-dependent

probe amplification (MLPA) test to identify large genomic

alterations in BRCA1. This methodology is easily applied to
.
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genomic DNA and larger scale screening for genomic altera-

tions in BRCA1.

As it is the site of transcription initiation, a genetic muta-

tion within the promoter could potentially disrupt normal

expression of the BRCA1 protein. The 5 0 end of BRCA1 lies

head to head with the NBR2 gene (Next to BRCA1 gene 2)

and the two genes share a bi-directional promoter that is

capable of transcription in both directions. Two promoter

sites, a and b, exist for BRCA1 resulting in the transcription

of alternate mRNA transcripts with varying first exons (1A

or 1B).3,4 The relevance of mutation screening within the

BRCA1 promoter has also been demonstrated. In a family

known to be BRCA1-linked and to lack the BRCA1 transcript

from the allele associated with disease susceptibility, Swen-

sen et al.5 identified a 14 kb deletion in BRCA1 that removed

exons 1A, 1B and 2. Brown et al.6 using a method described

by Catteau et al.7 that utilised the strong linkage disequilib-

rium identified between the two BRCA1 variants, C1802G

and C2731T (Pro871Leu), reported a large genomic deletion

in the 5 0 region of BRCA1 that included NBR2, wBRCA1 and

NBR1 in an Australian multiple-case breast cancer family.6,7

The proportion of women with breast cancer, especially

young women, whose cancers are attributable to deletions

within the promoter region of BRCA1 is currently unknown.

Although methods vary between laboratories and services,

deletions within the BRCA1 promoter region are usually not

detected by the methods applied in the majority of routine

clinical mutation detection strategies. To quantitate this pro-

portion, we identified 66 women from our Australian popula-

tion-based case-control-family study of breast cancer who

were diagnosed with breast cancer before the age of 40 years

and had a strong family history of breast and/or ovarian can-

cer (two or more first- or second-degree relatives affected

with breast and/or ovarian cancer). Previous mutation screen-

ing performed on the germline DNA of these 66 cases had in-

cluded screening within BRCA1, BRCA2 and ATM using a
Table 1 – Proband cancer family history

Families Affectedsa Cancersb Breast c

6 3 3 3 (1 m

1 3 3 2

2 3 3 2

1 3 3 2

29 3 3 3

1 3 4 3

1 3 4 4

15 4 4 4

2 4 4 3

1 4 4 2

2 4 5 4

2 4 5 5

1 5 5 5

1 6 7 7

1 6 6 6

a Total number of family members affected with breast or ovarian canc

b Total number of cancers in proband and first- and second-degree rela

c Number of BRCA1, BRCA2, ATM and CHEK2 mutation carriers identified
variety of mutation detection techniques.8,9 This identified

that 15 (23%) of these 66 cases have detectable BRCA1 (n = 8),

BRCA2 (n = 6) or specific ATM (n = 1)9 mutations. The study

was approved by the ethics committees of The University of

Melbourne and The Cancer Council Victoria.

2. Materials

2.1. The Australian breast cancer family registry

The Australian breast cancer family registry (ABCFR) includes

a population-based, case-control-family study of breast can-

cer (in which cases, control subjects and their relatives were

administered the same questionnaire) with an emphasis on

early-onset disease that was carried out in Melbourne and

Sydney, Australia.10–12 Sixty-six women were identified within

the ABCFR to be diagnosed with breast cancer before the

age of 40 years and to have a strong family history of breast

and/or ovarian cancer (two or more first- or second-degree

relatives affected with breast and/or ovarian cancer). Previous

mutation screening performed on the germline DNA of these

66 cases had included screening within BRCA1, BRCA2 and

ATM using a variety of mutation detection techniques.8,9 This

identified that 15 (23%) of these 66 cases have detectable

BRCA1 (n = 8), BRCA2 (n = 6) or specific ATM (n = 1)9 mutations,

Table 1. The study was approved by the ethics committees of

The University of Melbourne and The Cancer Council Victoria.

3. Methods

3.1. Promoter deletion screening

Genotyping for BRCA1 variants, C1802G (b-promoter, GenBank

Accession No. U37574), and C2731T (Pro871Leu, exon 11,

U14680), was performed for 51/66 women who met our crite-

ria (Table 1) using the method described by Catteau et al.7
ancers Ovarian cancers Mutation carriersc

ale) 0

1

1

1

3 BRCA1, 1 BRCA2,

0 1 ATM

1 1 BRCA1

0 1 BRCA2

0 3 BRCA1, 2 BRCA2

1 1 BRCA2, 1 CHEK2

2

1

0 1 BRCA1, 1 BRCA2

0

0

0

er (including proband and their first- and second-degree relatives).

tives.

previously.8,14,15
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Fig. 1 – The genotyped BRCA1 polymorphisms and
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3.2. Multiplex ligation-dependent probe amplification
(MLPA)

MLPA was carried out on 125 ng of DNA using the SALSA P002-

BRCA1 Exon Copy Number Test Kit (MRC-Holland) and ana-

lysed on an ABI 3730 analyzer using Genotyper software. For

data analysis, peak areas of each probe were normalised by

dividing each peak area by the total peak area of all probes

for a particular sample. This normalised value was divided

by the average normalised value of that probe (obtained from

all samples). MLPA was performed in duplicate.

3.3. Tumour morphology assessment

Histology slides were reviewed as described in Armes et al.13

4. Results

Genotyping for BRCA1 variants, C1802G and C2731T (Pro871-

Leu, exon 11) was performed for 51/66 women who met our

criteria (Table 1) using the method described by Catteau

et al.7 Of these tested cases, 46 (90%) were found to be in

accordance with the expected linkage disequilibrium, and

28 (55%) of genotypes were uninformative for assessment of

BRCA1 promoter deletions as they were homozygous at both

polymorphic sites (indicated by # in Table 2). Five cases

(10%) were not in linkage disequilibrium, and of these three

were apparent homozygous (CC) at C1802G and heterozygous

(CT) at C2731T (Pro871Leu). This genotype was suggestive of a

BRCA1 promoter deletion (indicated by * in Table 2). One indi-

vidual was apparent homozygous (CC) at C1802G and appar-

ent homozygous (TT) at C2731T (Pro871Leu), while another

was heterozygous (CG) at C1802G and apparent homozygous

(TT) at C2731T (Pro871Leu) (see Fig. 1).

Only one of the three cases that were apparent CC at

C1802G and CT at C2731T (Pro871Leu), and therefore sus-

pected of BRCA1 promoter deletions, showed a reduction in

signal strength in the MLPA analysis. This reduction was ob-

served for exons 1A, 1B and 2 (del exon1A-2). A second indi-

vidual (with an uninformative apparent CC C1802G and

apparent CC C2731T (Pro871Leu) genotype) showed a loss of

exons 1A-23 via MLPA analysis. Profiles of the cases contain-

ing deletions and a normal DNA sample are shown in Fig. 2.
Table 2 – Genotyping and MLPA results

C1802G
(promoter)

C2731T
Pro871Leu
(exon 11)

Number of
cases

MLPA for p
deletio

CC CC 22# Negative

C- C- 1# Deletion exon

CG CT 18 Negative

GG TT 5# Negative

CC CT 2* Negative

C- CT 1* Deletion exon

CC TT 1 Negative

CG TT 1 Negative

Total 51

Key: *, genotype supportive of promoter deletion; C�, hemizygocity; #, ge
4.1. BRCA1, del exon 1A-2

The case carrying the BRCA1, del exon 1A-2 mutation was

diagnosed at age 29 years with a grade 3, infiltrating ductal

carcinoma of the breast. Histopathology review of the breast

cancer revealed several features that were consistent with

the possibility of a BRCA1 mutation, including a high mitotic

index (125 mitotic cells per 10 hpf), minimal tubule formation,

a circumscribed growth pattern, an intense lymphocytic infil-

trate, necrosis, trabecular growth pattern and lack of ER and

PR protein expression (via immunohistochemistry). One

maternal and paternal aunts of the case had been diagnosed

with breast cancer at the age of 30 and 51 years, respectively,

and her paternal uncle had been diagnosed with kidney can-

cer at the age of 55 years. DNA samples were available for

both parents of the case and were genotyped at C1802G and

C2731T and screened for large genomic alterations in BRCA1

via MLPA. The mother was found to be apparent homozygous

for both variants (GG at C1802G and TT at C2731T) and the

father was found to be apparent homozygous at both posi-

tions (CC at CG C1802G and CC at C2731T). MLPA results

showed a loss of signal strength of BRCA1 exons 1A, 1B and

2 in the DNA sample from the mother and hence the apparent
romoter
ns

Other known
mutations

Reference

6 BRCA1, 4 BRCA2 [14,15]

s 1A-23 None

2 BRCA1, 1 BRCA2 [14,15]

None

None

s 1A, 1B, 2 None

ATM, c.4258C > T (p.Leu1420Phe), [9]

1 BRCA2 [14]

notypes uninformative for detection of BRCA1 promoter deletions.
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Fig. 2 – MLPA profiles showing no large genomic alterations in BRCA1 (top panel); loss within exons 1A, 1B and 2 (centre

panel); and loss of exons 1A to 23 (bottom panel). Exons with loss are indicated in bold. Control fragments are distributed

throughout the profile and indicated with C.
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homozygous GG at C1802G was actually hemizygous G� at

C1802G.

4.2. BRCA1, del exon 1A-23

The case identified with the BRCA1, del exon 1A-23 mutation

was diagnosed at age 34 years with a grade 3, infiltrating duc-

tal carcinoma of the breast. Histopathology review of the

breast cancer revealed several features that were consistent

with the possibility of a BRCA1 mutation, including a high mi-

totic index (56 mitotic cells per 10 hpf), minimal tubule forma-

tion, a circumscribed growth pattern, a moderate lymphocytic

infiltrate, necrosis, a trabecular growth pattern and lack of ER

and PR protein expression (via immunohistochemistry). The

mother and maternal grandmother of the case had been diag-

nosed with breast cancer at the age of 28 and 45 years, respec-

tively. DNA was not available for testing from any family

members.

5. Discussion

We have identified two women diagnosed with breast cancer

before the age of 40 years, with a strong family history of

breast cancer, who carry large genomic deletions in BRCA1
that involved the promoter region. MLPA detected both of

these deletions. The BRCA1 1A-23 deletion could not be de-

tected using the linkage disequilibrium genotypying method

as both variants, in the promoter and exon 11, were hemizy-

gous due to the deletion. The other mutation detected by

MLPA was a BRCA1 1A-2 deletion. Deletions of this type have

been described as an artefact of MLPA due to incomplete

denaturation of DNA in CpG regions. We do not think that this

is of concern to our data as a deletion in the promoter in this

case is supported by the genotyping data, these mutations

were present in the germline of the mother of this case, and

genotyping within the family was consistent with the pres-

ence of this mutation. In addition, there is a previously de-

scribed case carrying a known mutation of this type

detected by another method.6

Two additional cases had genotypes suggestive of BRCA1

promoter deletions (CC at C1802G and CT at C2731T (Pro871-

Leu)) that were not supported by MLPA analysis. One of the

146 normal (unaffected) controls in the report of Catteau

et al.7 also had this combination of genotypes and two indi-

viduals had CG at C1802G and CC at C2731T (Pro871Leu)

showing that although very high, there is not complete link-

age disequilibrium between these two variants.7 One of the

cases we detected with 1802CC and 2731CT genotypes was
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diagnosed with an atypical medullary type cancer and thus

had many histological features associated with carrying a

BRCA1 germline mutation. The second case had some fea-

tures associated with BRCA1 mutations as it was a grade 3

infiltrating ductal carcinoma that had a high mitotic count

(22/10 hpf) and a circumscribed growth pattern but it lacked

a pushing margin, syncytial growth pattern, a lymphocytic

infiltrate and necrosis. The morphological features of the can-

cers arising in these cases suggest that these cases may carry

germline BRCA1 mutations as yet unidentified by our current

and extensive BRCA1 mutation screening.8

We found two other cases with genotypes inconsistent

with complete linkage disequilibrium between C1802G and

C2731T (Pro871Leu). One case had genotype CC C1802G and

TT at C2731T (Pro871Leu) and was known to carry the ATM

missense mutation c.4258C > T (p.Leu1420Phe).9 The second

carried the genotype CG C1802G and TT at C2731T (Pro871Leu)

and was known to carry the BRCA2 germline protein truncat-

ing mutation 6503delTT. It is intriguing that 3/5 cases whose

genotypes were inconsistent with complete linkage disequi-

librium carried germline mutations in key molecules in DNA

repair pathways.

We identified BRCA1 promoter deletions in two (4%) of the

young women with breast cancer with a strong family history

of breast and ovarian cancer selected from our Australian

population-based study. BRCA1 promoter region deletions,

therefore, represent 2/10 (20%) of all known BRCA1 germline

mutations identified to date in these young women. Our data

suggest that it is beneficial to include a screen for deletions

within the BRCA1 promoter region in routine clinical BRCA1

mutation detection.
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