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Most familial breast cancers arise in patients who tested negative for germline mutations in BRCA1 and BRCA2
genes (also referred to as BRCAX cases). Several studies aimed to define histopathological and molecular
profiles characteristic of BRCA1, BRCA2 and BRCAX tumors have been performed. Major pathological and
immunohistochemical differences have been reported in BRCA1 cancers compared to the other two groups,
whereas less difference has been observed between BRCA2 and BRCAX cases. The aim of this study was to
investigate the ability of selected tumor markers to discriminate BRCAX breast cancers from cancers arising in
carriers of mutations in BRCA genes, and their usefulness in selecting familial cases in whom testing for such
mutations is more likely to result uninformative. We carried out a morphological and immunohistochemical
analysis on 22 BRCA1, 16 BRCA2 and 33 BRCAX familial breast cancers. Age at first diagnosis, histological type
and grade, and immunostaining for estrogen receptor (ER), progesterone receptor (PR), p53, HER2/Neu,
E-cadherin and cyclin D1 were investigated. The occurrence of somatic mutations of the TP53 gene was also
verified. BRCA1 tumors resulted clearly distinguishable from BRCAX cases, occurring at a younger age, being
more frequently of higher grade, negative for ER, PR and cyclin D1 expression and positive for p53 alterations.
The predictive value of age at diagnosis, histological grade and PR expression was confirmed in a multivariable
analysis. When comparing BRCA2 with BRCAX tumors, the only parameter that differed was cyclin D1, which
was significantly overexpressed in BRCA2 cases both in the univariable and the multivariable analyses. If
confirmed by further studies, our observations indicate that the investigation of cyclin D1 expression in familial
breast cancer cases could be used, in conjunction with the analysis of other tumor markers preferentially
associated with BRCA1 or BRCA2 tumors, to prioritize hereditary cases for mutation testing in BRCA genes.
Modern Pathology (2008) 21, 1262–1270; doi:10.1038/modpathol.2008.43; published online 7 March 2008

Keywords: familial breast cancer; BRCA1; BRCA2; BRCAX; cyclin D1

Introduction

Breast cancer is the most common malignancy
among women in developed countries. It is esti-

mated that approximately 5–10% of all breast
cancers are hereditary and occur in women with a
positive family history for the disease. The tumor
suppressor BRCA11 and BRCA22 are the genes most
commonly implicated at germline level in heredi-
tary breast cancers.

Testing for BRCA1 and BRCA2 alterations within
high-risk families is a time consuming and expen-
sive procedure because of the large size of both
genes and the heterogeneity of mutation spectra.
Moreover, mutations in BRCA genes account for no
more than 25% of all familial aggregations of breast
cancer.3 To provide a tool for accurate selection of
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individuals to address for genetic testing, several
statistical models for the prediction of mutations in
BRCA genes have been developed. However, these
methods did not prove to be sufficiently efficient to
be used in a clinical setting.4 On the other hand,
different studies have shown that the phenotypic
and molecular features of breast cancers arising in
BRCA1 and BRCA2 mutation carriers could be used
to identify, among familial cases, those who are
more likely to be associated with these genes.

BRCA1-related tumors tend to be more frequently
of ductal type with an excess of medullary and
atypical medullary cases, and of higher histological
grade than BRCA2 and sporadic cancers.5–7 In
addition, breast carcinomas arising in BRCA1 muta-
tion carriers are more frequently estrogen receptor
(ER) and progesterone receptor (PR) negative and
p53 positive compared to sporadic age-matched
controls.6,8–11 Moreover, they show positivity for a
few markers, including cytokeratin 5/6, cytokeratin
8/18, EGFR, and vimentin, which define the so-
called ‘basal-like’ phenotype.11–13

Identifying a phenotype that characterizes breast
cancers associated with BRCA2 mutations is more
elusive. In general, BRCA2-related tumors do not
show a specific phenotype. They tend to be of higher
grade than sporadic cancers, although to a lesser
extent compared to BRCA1-related cases, but are not
significantly different from sporadic controls with
respect to ER and PR positivity and p53 altera-
tions.6,8–11 In addition, both BRCA1- and BRCA2-
associated breast cancers are prevalently negative
for HER2/Neu expression.6,8,9,11,14

Only a few studies have been performed on the
morphological and immunophenotypic profiles of
familial breast tumors in patients negative for
mutations in BRCA genes, also termed BRCAX,
which appear to be a rather heterogeneous group.15

They have been shown to be of lower grade and
more frequently of lobular type than breast cancers
arising in BRCA1 mutation carriers,14,16 although the
latter finding has been disputed by another study.17

The BRCAX tumors are also of significantly lower
grade in comparison to BRCA2 tumors and with
control breast cancers unselected for family history
of the disease, even if these differences are less
pronounced in comparison to BRCA1.14,16 In addi-
tion, they are more frequently ER and PR positive
and p53 negative than BRCA1 tumors, but no
statistically significant difference is generally found
in the expression of HER2/Neu and E-cadherin.14,17–19

One study reported that when compared to BRCA2,
BRCAX tumors show a less frequently preserved
expression of E-cadherin and a lower frequency of
HER2/Neu positivity.14 However, the latter finding
was not confirmed by subsequent reports.17,19,20 A
higher frequency of breast cancers overexpressing
cyclin D1 was recently reported in BRCAX patients
compared to both BRCA1 and BRCA2 cases.17 This
finding is in keeping with the results of a previous
study that reported a lower frequency of cyclin

D1-positive tumors among BRCA gene mutation
carriers aged o40 years compared to age-matched
mutation-negative patients.8 However, no such
difference was observed in another study comparing
hereditary breast cancer associated with germline
BRCA2 mutation and control tumors unlinked to
BRCA1 and BRCA2 ascertained through a breast
cancer family registry.20

Overall, the major histopathological and molecu-
lar differences are observed in cancers arising in
BRCA1 mutation carriers compared to all other
groups, whereas few differences are apparent among
BRCA2, BRCAX and sporadic breast cancers.

The aims of this study were (a) to investigate the
ability of selected tumor markers to discriminate,
when used in combination, BRCAX from both
BRCA1 and BRCA2 breast cancers, and (b) to verify
their predictivity in selecting families in whom
testing for BRCA gene mutations is more likely to
result uninformative and, therefore, of no benefit.

To this end, we carried out a morphological and
immunohistochemical analysis on 71 hereditary
breast cancers (22 BRCA1, 16 BRCA2 and 33
BRCAX) that were tested for a set of different
markers, including ER, PR, p53, HER2/Neu,
E-cadherin, and cyclin D1. The occurrence of
somatic mutations of the TP53 gene was also
investigated.

Materials and methods

Patients

A total of 71 breast cancer tissue samples from an
equal number of female patients were included in
the study. Information regarding age at diagnosis,
laterality and personal cancer history was acquired
from clinical reports. Enrolled patients belonged to
families with a history of breast and/or ovarian
cancer complying with the intake criteria to BRCA
testing in use at the Istituto Nazionale Tumori (INT)
of Milan, as previously reported.21 All subjects
received genetic counseling and provided a written
consent to BRCA mutation testing for the use of their
biological material for research purposes, approved
by the local ethical committee. Thirty-eight patients
carried frankly deleterious alterations (including
nonsense and frameshift mutations or exon dele-
tion) in either BRCA1 (22 subjects form 20 families)
or BRCA2 (16 subjects from 13 families). The
remaining 33 patients (all from different families)
tested negative for mutations in both genes (BRCAX)
after screening of all coding exons and splice sites
by both direct sequencing and multiplex ligation-
dependant probe amplification. Overall, 57 primary
tumors, 6 metachronous contralateral tumors and 8
ipsilateral tumors (with a time interval form first
event ranging from 4 to 13 years) were collected
from the Department of Pathology of INT in the form
of Bouin’s fluid- or formalin-fixed, paraffin-em-
bedded blocks. All tumors were invasive carcinomas
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and were classified for type and grading by reviewing
hematoxylin–eosin slides by the pathologist, blinded
to BRCA1 and BRCA2 germline mutational status.

Immunohistochemistry analyses

Immunostaining for ER, PR, p53, HER2/Neu, E-
cadherin and cyclin D1 was performed on 2-mm cut
tumor sections using the streptavidin–biotin immu-
noperoxidase method (1:300 in PBS; Dako, Carpin-
teria, CA, USA) in accordance with the
manufacturer’s instructions. Staining was devel-
oped using 3,30-diaminobenzidine (Sigma, St Louis,
MO, USA). Antibodies, dilutions and suppliers are
listed in Table 1. Antigen retrieval was performed in
10mM citrate buffer (pH 6.0) at 951C for 6min
except for cyclin D1, for witch a treatment with
1mM EDTA buffer (pH 8.0) at 951C for 15min was
employed. For ER and PR, a sample was classified as
positive when the percentage of stained nuclei was
Z10% while for cyclin D1 and p53 cutoff values of
20 and 50%, respectively, were considered. For
HER2/Neu and E-cadherin, membranous staining
was considered.

DNA extraction

Areas of tumor tissue were chosen from formalin-
fixed paraffin blocks using the corresponding he-
matoxylin- and eosin-stained slides as a guide. For
each sample, six consecutive 8-mm-thick sections
were cut and used as such, if only tumor tissue was
present, or counterstained with methylene blue and
microdissected under light microscope. The sec-
tions were deparaffinated in xylene and rehydrated
through graded alcohols. For samples fixed in
Bouin’s fluid, after xylene treatment the sections
were washed in a solution containing 60% ethanol
and 40mM NaOH. The tumor tissues were then
digested with proteinase K and DNA was purified
using QIAamps DNA Mini kit, according to the
manufacturer’s instructions (Qiagen, Hilden, Ger-
many), and resuspended in 200 ml elution buffer.

TP53 mutation analysis

All tumor DNAs were screened in exons 4–9 of the
TP53 gene. In samples that tested mutation negative,

the analysis was extended to the remaining coding
exons. Each time a mutation was identified in the
tumor DNA, its presence at the constitutional level
was verified in the corresponding blood DNA.
Polymerase chain reaction (PCR) analysis was
carried out using 3ml DNA solution and 1U of
AmpliTaq Gold DNA polymerase (Applied Biosys-
tems) in a finale volume of 20 ml. For each sample,
two sequential rounds of amplification, consisting
of 35 cycles each, were performed, as described
elsewhere, with minor modifications.22 Primer se-
quences are available upon request. PCR products
were analyzed on 3% agarose gel stained with
ethidium bromide and purified directly from reac-
tion solutions using the QIAquick PCR Purification
kit (Qiagen) or after excision from gel if nonspecific
amplified DNAwas present, using the QIAquick Gel
Extraction kit (Qiagen, QIAamp DNA Mini kit).
Purified DNAwas sequenced in both directions with
nested primers using the ABI PRISMs BigDyeTM
Terminator Cycle Sequencing kit (Applied Biosys-
tems) and examined on an ABI PRISM 377 DNA
Sequencer (Applied Biosystems) using the Sequen-
cing Analysis software (Applied Biosystems). Muta-
tions were verified by performing second
independent PCR and sequence analysis to exclude
possible artifacts.

Statistical methods

Tumors in BRCA1 and BRCA2 mutation carriers
were separately compared with tumors in BRCAX
cases. Contingency tables were created to describe
the distribution of clinical, pathological and mole-
cular features of breast cancer lesions among
BRCA1, BRCA2 and BRCAX cases, and univariable
associations were tested with the Fisher exact test.
To determine which factors were independently
predictive of genetic status, we also performed
multivariable analyses by means of logistic regres-
sion models, which summarize the effect of each
factor in terms of odds ratios (ORs). Results from
logistic models are shown by reporting the esti-
mated ORs, together with corresponding standard
errors and P-values. An OR greater (lower) than 1
indicates an increased (decreased) probability of
BRCA1 or BRCA2 mutation in a given category
compared to the reference category of the predictive

Table 1 Antibodies used in the immunohistochemical analyses

Antibody Class Clone Dilution Supplier

ER Rabbit monoclonal SP1 1:200 Neomarkers
PgR Mouse monoclonal PgR636 1:100 DakoCytomation
Cyclin D1 Mouse monoclonal AM29 1:100 Zymed
E-cadherin Mouse 36 1:1000 Transduction Laboratories
p53 Mouse monoclonal DO-7 1:50–1:100 Novocastra Laboratories
HER2/Neu Rabbit polyclonal — 1:200 DakoCytomation
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factor. As a measure of model predictive capability,
the Harrell’s c-statistic was calculated. A c-statistic
of 1 indicates perfect predictive capability, a value
of 0.5 indicates the lack of predictive capability and
values in between indicate from poor to strong
predictive capability. Two-sided P-values below
0.05 were considered significant. Computations
were made by use of the SASt software.

Results

Clinical and morphological features

The distributions of ages at disease onset (first
event) and of pathological characteristics of the
cases included in the study are reported in Table 2.

BRCA1 but not BRCA2 patients were diagnosed
with breast cancer at a significantly younger age
than BRCAX cases (P¼ 0.0110).

As for the histological types, a significant differ-
ence (P¼ 0.0214) was observed between BRCAX and
BRCA1 cases, which showed an excess of medullary
carcinomas, but not between BRCAX and BRCA2
cases.

BRCA1 tumors were of higher histological grade
than BRCAX cases (Po0.0001), whereas BRCA2 and
BRCAX cases showed a similar grade distribution.

Immunohistochemistry markers

Immunostaining for p53 was successfully performed
on all 71 specimens considered. For the other
markers, a few cases were excluded because of the
low quality of the staining or because the available
tumor material was not sufficient (Table 3).

When compared to BRCAX cases, BRCA1 tumors
were observed to be more frequently ER negative
(100 vs 30%; Po0.0001), PR negative (90 vs 36%;
Po0.0001), p53 positive (45 vs 6%; P¼ 0.0008) and
cyclin D1 negative (95 vs 64%; P¼ 0.0186). No
meaningful difference was observed for the above
markers between BRCA2 and BRCAX cases, with the
exception of cyclin D1, which showed a signifi-
cantly higher frequency of staining in BRCA2
tumors (73 vs 36%; P¼ 0.0285).

A strong correlation was observed between the
expression of cyclin D1 and that of ER in the BRCA2
group, in which 10 of the 11 cyclin D1-positive
tumors (91%) were also ER positive. Conversely, in
the BRCAX group only 8 of 12 cyclin D1-positive
tumors (67%) tested positive also for ER.

The expression of HER2/Neu and E-cadherin did
not significantly differ in the three groups analyzed,
being HER2/Neu negative and E-cadherin positive
in the large majority (Z90%) of cases examined.

TP53 mutations

Positive nuclear staining for p53 protein in tumor
cells is considered a diagnostic of altered gene
function. However, not all TP53 mutations are
detectable at the immunohistochemistry level.23,24

To obtain a more accurate estimate of the frequency
of TP53 alterations in our group of hereditary breast
cancers, a DNA sequencing analysis was performed
in a subset of cases (n¼ 56, including 21 BRCA1, 13
BRCA2 and 22 BRCAX tumors). For the remaining
15 tumors, the quality of obtained DNA was not
adequate to mutation analyses.

Table 2 Distributions of clinical and pathological features in the three groups of familial breast cancers

BRCA1 (n¼22) BRCA2 (n¼ 16) BRCAX (n¼ 33) P1 P2

n (%) n (%) n (%)

Age at first diagnosis (years) 0.0110 0.6981
o36 14 64 6 38 8 24
36–50 5 23 8 50 19 58
450 3 14 2 13 6 18
Median 33.5 40.5 44

Histological types 0.0214 0.3265
Ductal 16 73 10 63 27 82
Medullary 4 18 1 6 — —
Lobular 1 5 2 13 1 3
Special type 1 5 — — 4 12
Combineda — — 3 19 1 3

Histological grade o0.0001 0.5010
1 — — — — 4 12
2 3 14 10 63 21 64
3 19 86 6 38 8 24

P1, BRCA1 vs BRCAX tumors; P2, BRCA2 vs BRCAX tumors.
a
Ductal and lobular types.

Cyclin D1 in familial breast cancers
M Colombo et al

1265

Modern Pathology (2008) 21, 1262–1270



TP53 was mutated in 52% (11/21) of BRCA1 tumors
vs 15% (2/13) of BRCA2 and 9% (2/22) of BRCAX
tumors. Identified mutations are reported in Table 4.

In the BRCA1 group, nine mutations were mis-
sense and two were frameshift deletions (c.599delA
and c.631delA), both introducing a premature
truncation site at residue 246. In the BRCA2 group,
the same missense mutation at codon 220
(p.Tyr4Cys) was detected in two unrelated tumors.
Finally, the two alterations detected in the BRCAX
group were a missense mutation at codon 248
(p.Arg4Trp) and a nonsense mutation at codon
342. In addition, silent mutations were detected at
codon 88 in a BRCA1 case and at codons 290 and 299
in a BRCA2 case. None of the identified mutations
were detected at the germline level.

According to the TP53 website (http://p53.free.
fr/Database/p53_database.html; 2007 version), all
but three of the alterations detected in this analysis
have been already reported in breast cancer. The
exceptions, all in BRCA1 tumors, were the frame-
shift deletion at codon 200 and the missense
mutation at codon 92, which were previously
observed only in tumors other than breast carcino-
ma, and the frameshift deletion at codon 211, which
was not present in the database. In addition, the
majority of the other TP53 mutations found in

BRCA1 tumors were rarely represented (o1% of
all entries) in the database.

When compared with immunohistochemistry
analyses, discrepant results were observed in 12
tumors (Table 5). In particular, five cases (B2, B15,
B37, B56 and B75) showed p53 stabilization in the
absence of detectable gene mutations, strongly
suggesting the presence of an alternative mechanism
of deregulation of the protein, while seven tumors
with mutated TP53 tested negative at immunostain-
ing. These included three cases (B11, B16 and B80)
with mutations producing truncated, and possibly
unstable, proteins and four cases (B1, B3, B22 and
B34) with missense mutations (Table 4). Noticeably,
three of the latter tumors carried the same alteration
(p.Y220C).

Taken together, the molecular and immunohisto-
chemistry analyses showed that 14/22 (64%) BRCA1
and 3/16 (19%) BRCA2 breast cancers carried p53
alterations compared to 3/33 (9%) BRCAX cases
(Po0.0001 and P¼ 0.3773, respectively) (Table 5).

These figures might underestimate the actual
proportions of tumors with altered p53 in each
group, since, as reported above, the mutational
screening could not be performed in 15 cases, all
immunohistochemistry negative. However, consid-
ering that TP53 mutations were detected in only 7 of

Table 3 Distributions of immunohistochemical features in the three groups of familial breast cancers

BRCA1 (n¼22) BRCA2 (n¼16) BRCAX (n¼ 33) P1 P2

n (%) n (%) n (%)

ER o0.0001 0.5818
Positive — — 13 81 23 70
Negative 21 100 3 19 10 30
Not available 1 — — — — —

PR o0.0001 1.0000
Positive 2 10 11 69 21 64
Negative 19 90 5 31 12 36
Not available 1 — — — — —

p53 0.0008 1.0000
Positive 10 45 1 6 2 6
Negative 12 55 15 94 31 94

HER2/Neu 0.2907 1.0000
Positive — — 1 6 3 9
Negative 19 100 15 95 30 91
Not available 3 — — — — —

E-cadherin 1.0000 0.5415
Positive 17 89 16 100 30 91
Negative 2 11 — — 3 9
Not available 3 — — — — —

Cyclin D1 0.0186 0.0285
Positive 1 5 11 73 12 36
Negative 19 95 4 27 21 64
Not available 2 — 1 — — —

P1, BRCA1 vs BRCAX tumors; P2, BRCA2 vs BRCAX tumors.
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43 immunohistochemistry-negative tumors tested at
the DNA level (16%), we assumed that the intro-
duced biases were unlikely to affect the results of
the statistical analyses.

Multivariable analyses

A multivariable analysis was carried out on the
factors that appeared to be predictive of BRCA1 or
BRCA2 status in the univariable analyses, including
age, histological grade, PR, p53 and cyclin D1 (Table
6). The effect of ER was not estimable, being all
BRCA1 carriers negative for this parameter.

In regards to BRCA1, only histological grade and
PR were statistically significant in the multivariable
analysis, after adjusting for the remaining factors,
whereas early age of disease onset (r35 years)
was associated with a borderline significance
(P¼ 0.0675). The model c-statistic for all considered

variables was 0.928, quite a high figure denoting a
strong model capability to predict BRCA1 status.

In regards to BRCA2, the only significant factor
that emerged from the analysis was cyclin D1. In
accordance, the overall c-statistic (0.748) was only
slightly superior to that achievable considering
cyclin D1 only (0.685). This means that cyclin D1
was the most important predictor, and that
the remaining factors included in the multivariable
analysis added little information in terms of
predictive power.

A complementary quantification of the capability
of cyclin D1 to predict BRCA2 status was achieved
by calculating the positive and negative predictive
values, namely the probability of a BRCA2 mutation
when cyclin D1 is positive or negative, respectively.
For this calculation, we considered relative preva-
lence figures of BRCA1, BRCA2 and BRCAX cases of
14, 9 and 77%, respectively, observed among 700
familial breast cancer patients fulfilling the same

Table 4 TP53 mutational spectrum in familial breast cancers and comparison with immunohistochemical analysis

Case no. Germline mutation Exon Mutationa Amino-acid changea Frequencies in databaseb IHC

Breast cancer All cancers

B3 BRCA1 4 c.275C4T p.P92L NR o10�3 Negative
B20 BRCA1 5 c.481G4A p.A161T o10�3 3� 10�3 Positive
B6 BRCA1 5 c.527G4T p.C176F 4� 10�3 6� 10�3 Positive
B16 BRCA1 6 c.599delA p.N200IfsX47 NR o10�3 Negative
B11c BRCA1 6 c.631delA p.T211LfsX36 NR NR Negative
B1 BRCA1 6 c.659A4G p.Y220C 0.01 0.01 Negative
B19 BRCA1 7 c.701A4G p.Y234C 6� 10�3 5� 10�3 Positive
B21 BRCA1 7 c.706T4A p.Y236N o10�3 o10�3 Positive
B18 BRCA1 7 c.742C4T p.R248W 0.03 0.03 Positive
B13 BRCA1 8 c.787G4A p.G266E 4� 10�3 3� 10�3 Positive
B9 BRCA1 8 c.818G4A p.R273H 0.04 0.03 Positive
B34 BRCA2 6 c.659A4G p.Y220C 0.01 0.01 Negative
B22d BRCA2 6 c.659A4G p.Y220C 0.01 0.01 Negative
B70 BRCAX 7 c.742C4T p.R248W 0.03 0.03 Positive
B80 BRCAX 10 c.1024C4T p.R342X 2� 10�3 2� 10�3 Negative

IHC, immunohistochemistry; NR, not reported.
a
Designations according the guidelines of the Human Genome Variation Society (http://www.hgvs.org).

b
Based on a total of 20 021 mutations in all types of tumors and of 2221 mutations in breast cancers (The TP53 website: http://p53.free.fr/
Database/p53_database.html; 2007 version).
c
One additional silent mutation identified in exon 4 (c.264C4T, p.A88A).

d
Two additional silent mutations identified in exon 8 (c.870C4T, p.R290R; c.895C4T, p.L299L).

Table 5 Distribution of p53 alterations in the three groups of familial breast cancers

BRCA1 (n¼22) BRCA2 (n¼ 16) BRCAX (n¼ 33) P1 P2

n (%) n (%) n (%)

Mutation+/immunohistochemistry+ (n¼8) 7 — 1
Mutation+/immunohistochemistry� (n¼ 7) 4 2 1
Mutation�/immunohistochemistry+ (n¼ 5) 3 1 1
Total of tumors with altered p53a 14 64 3 19 3 9 o0.0001 0.3773

P1, BRCA1 vs BRCAX tumors; P2, BRCA2 vs BRCAX tumors.
a
One BRCA1, three BRCA2 and 11 BRCAX tumors could not be tested for mutations.
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intake criteria for genetic testing that were used to
select the patients enrolled in the present study
(unpublished data). The results obtained indicated a
positive predictive value of 19% and a negative
predictive value of 95%.

Discussion

The results of our combined morphological, immu-
nohistochemical and molecular analyses on a panel
of 71 hereditary breast cancers were largely in
keeping with previously reported findings.25

In particular, we confirmed that overall BRCA1-
associated tumors are clearly distinguishable from
BRCAX cases, occurring at a younger age, being
more frequently of higher grade, ER and PR negative
and p53 positive by immunohistochemistry. More-
over, consistently with a previous study,18 we
observed a low rate of TP53 gene mutations among
BRCAX cases. Such a rate was comparable to that
detected in BRCA2 tumors and significantly lower
than in BRCA1 tumors. In the latter group, we also
found that most identified mutations had never or
only rarely been reported in human cancers, in
keeping with the notion that TP53 mutation spec-
trum in BRCA1-associated tumors is highly hetero-
geneous,26 possibly due to a reduced efficiency of
DNA repair activity in BRCA1-deficient cells. The
predictive value of age at diagnosis, histological
grade and PR expression was confirmed by the
multivariable analysis, in which a c-statistic value of
0.928 was obtained, quite a high figure denoting a
strong model capability to predict BRCA1 status.

In our study, no difference was observed among
the three groups considered for the expression of the
HER2/Neu and the E-cadherin proteins. On the
contrary, the BRCAX tumors were found to differ
form both BRCA1 and BRCA2 cases for the expres-
sion of cyclin D1, a protein involved in the
regulation of the G1–S phase transition, which plays
an important role in mammary carcinogenesis.27,28

In particular, BRCAX cases exhibit a significantly
higher frequency of positivity compared to BRCA1-
associated tumors, the majority of which tested
negative for this marker, in agreement with previous

reports.8,11,17 On the other hand, BRCAX tumors
were significantly less positive than BRCA2 cases.
Indeed, in our study, cyclin D1 was the only
parameter that differentiated these two groups of
familial breast cancers. Such difference was not
observed in previous studies in which, however, the
frequency of cyclin D1-positive cases among BRCA2
tumors ranged from 12 to 56%8,17,20 and, therefore,
was lower than that we detected in the same group
(75%).27,28 Apart from sampling biases, such dis-
crepancy could be due to technical reasons related
to the immunostaining procedures, in particular to
antigen retrieval, and/or to differences in cutoff
values adopted to score a sample as positive.

The preferential association of cyclin D1 positiv-
ity with BRCA2 tumors was confirmed by multi-
variable analysis. In addition, the computed c-
statistic was 0.748, a figure denoting a model
predictivity weaker than that achievable for BRCA1
(0.928), but that was almost entirely attributable to
the contribution of cyclin D1. Moreover, cyclin D1
was associated with a remarkably high negative
predictive value (95%) for BRCA2 mutations.

Another interesting finding of our study was the
observation that BRCAX tumors did not exhibit the
strong correlation in the expression of ER and cyclin
D1 detected in sporadic breast cancers, where the
great majority of cyclin D1-positive cases (490%)
are also positive for ER.29–32 Such correlation is in
keeping with the notion that the expression of cyclin
D1 is induced by estrogens and is, therefore,
dependent on the presence of ER. On the other
hand, cyclin D1 has been demonstrated to trigger the
transactivation properties of ER even in the absence
of its ligand,33,34 a property that might account for its
oncogenic activity in ER-positive breast cancers.28

Consistently, of the 20 BRCA1 tumors, all ER
negative, that were analyzed for cyclin D1 expres-
sion, 19 (95%) tested negative, whereas 10 of 11
(91%) cyclin D1-positive BRCA2 tumors were also
ER positive. However, among BRCAX tumors, of the
12 cases scored positive for cyclin D1, only 8 (67%)
expressed ER. This suggests that at least a fraction of
hereditary breast cancer unlinked to BRCA1 and
BRCA2 might develop through mechanisms that are
specific or preferentially associated with this group

Table 6 Multivariable analyses of the indicated features in BRCA1- and BRCA2-associated breast cancer cases in comparison to BRCAX
cases

BRCA1 vs BRCAX BRCA2 vs BRCAX

OR (95% CI) P-value OR (95% CI) P-value

Age, years (p35 vs 435) 7.6 (0.9–67.6) 0.0675 1.3 (0.3–5.8) 0.7223
Grade (3 vs 1–2) 8.3 (1.1–61.9) 0.0383 1.7 (0.4–7.1) 0.4551
PR (negative vs positive) 13.3 (1.1–168.2) 0.0457 1.3 (0.3–5.6) 0.7611
p53 (positive vs negative) 1.9 (0.2–15.1) 0.5384 1.8 (0.3–11.2) 0.5436
Cyclin D1 (negative vs positive) 1.8 (0.1–26.4) 0.6800 0.2 (0.1–1.0) 0.0441

95% CI, 95% confidence interval; OR, odds ratio.
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of malignancies and distinguish them from other
breast cancers.

Other than providing clues on the specific
molecular mechanisms involved in the development
of familial breast cancers differentially associated
with BRCA genes, our observations suggest that the
analysis of cyclin D1 expression might be useful in
discriminating among the various groups of familial
breast cancers and, in particular, between BRCA2
and BRCAX cases. Owing to the paucity of tumor
markers reported to date as preferentially associated
with BRCA2-linked breast cancers, these findings
are of particular interest in the management of
familial cases, since they may be of help for the
identification of patients more likely to carry
mutations in this gene. Under this respect, cyclin
D1 might be used in combination with other markers
that have been recently reported as equally able to
differentiate BRCA2-associated breast cancers, in-
cluding the DNA repair proteins CHEK2 and
RAD1.35
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