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ARTICLE INFO ABSTRACT

Keywords: Purpose: Cerebral metastases develop in 10-30% of patients with breast cancer (BC) and in around 3.3 to 4% of
Brain metastases patients with ovarian cancer (OC). The aim of the multicenter study is to investigate the correlation between the
Breas.t cancer expression of estrogen alpha receptors (ERa), progesterone receptors (PR), human epidermal growth factor
Ovarian cancer receptor 2 (HER2), stromal cell-derived factor 1 (SDF1) and its receptor C-X-C chemokine receptor type 4

BRCA1l

status of BRCA1 protein, in patients suffering from OC and BC with brain metastases.

(CXCR4), breast cancer metastasis suppressor 1 (BRMS1), astrocyte elevated gene 1 (AEG1), depending on the

Patients and methods: The analysis included 51 patients: 29 with BC and 22 with OC, in whom brain metastases

were disclosed.

Results: In most patients (65.5% of BC patients and 68.2% of patients with OC tumors) BRCA1 protein loss was
found. No correlation was disclosed between the levels of ERa, PR receptors, HER2, SDF1, CXCR4, AEG],
BRMS1 and BRCAL1 status, patient age, stage of disease advancement, grade of histological maturity of the cells,
presence of metastases to lymph nodes. A statistically significant correlation was disclosed between the negative
expression of PR receptors and a high expression of CXCR4 in patients with BC. High values of the AEG1 protein
(linked to metastases) were detected alongside a high expression of BRMS1 (a suppressor of metastases).

Conclusions: Patients with BC and OC and brain metastases have a frequent loss of BRCA1 expression. The role of

ERa, PR, HER2, SDF1, CXCR4, AEG1, BRMS1 in metastatic process needs further studies.

1. Introduction cancer. In recent decades an increased incidence of brain metastases has
been observed, which may be linked to the application of new imaging
Metastases to the brain develop in 9%-17% of adult patients with techniques and efficacy of life-prolonging systemic treatment. Most
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frequently, brain metastases develop in the course of pulmonary and
breast cancer and in melanoma. These three tumors are responsible for
67%-80% of all brain metastases [1-3].

In gynecological tumors, breast and ovarian cancers, brain metas-
tases were found to be more frequent in women carrying BRCA muta-
tions than in sporadic cancer. In breast cancer, such metastases were
found to be associated with the expression of hormone receptors and
human epidermal growth factor receptor 2 (HER2), as well as with the
type of therapy applied [4-8]. The effects of the expression of various
genes linked to brain metastases of breast and ovarian cancer has been
discussed in a small number of papers [9-12].

1.1. Breast cancer

According to numerous data, the number of brain metastases of
breast cancer, is increasing [8,13,14]. The review by Nayak et al. [1]
reports that brain metastases of breast cancer develop in 10%-30%
patients. They are more common in younger women and are linked to
the histological type of cancer, ER (estrogen receptor) and PR (pro-
gesterone receptor) status, and HER2 expression [14-16]. In studies of
140 patients with breast cancer and a brain metastasis in the Anderson
Cancer Center, as many as 91% of patients manifested ductal cancer.
Additionally, in most patients, histological malignancy of G3 was dis-
closed and metastases to lymph nodes were identified. The majority did
not carry any estrogen or progesterone receptors, overexpression of
HER2 was detected in almost 50%. Triple negative cancer (TN) was
diagnosed in 28% of the women [14].

Hayashi et al. [16] studied receptors in women originating from 24
oncological centers in Japan and concluded that 60% carried no re-
ceptors for estrogens but were positive for HER2 (ER-/HER2 +). Similar
data on receptors in women with breast cancer who developed metas-
tases have been presented by other authors [13,14]. Niikura et al. [17]
examined HER2 status and found inconsistent expression in primary
and metastatic tumors in the brain; the absence of HER2 expression
might be linked to poorer patient survival. The studies also demon-
strated that treatment with trastuzumab increased the frequency of
brain metastases [1,7,8].

1.2. Ovarian cancer

Brain metastases of ovarian cancer are not common: they manifest
in around 3.3-4% of patients [18,19]. Studies in two oncological cen-
ters in Indianapolis (USA) showed that brain metastases developed in
patients who were histologically proven to be carrying serous cancers
(serous adenocarcinoma), manifesting a histological differentiation of
G2 and G3 and in the III and IV stage of clinical advancement [19].

In our earlier study, brain metastases of ovarian cancer also devel-
oped in patients in stage IC according to FIGO (Fédération
Internationale de Gynécologie et d’Obstétrique) [20]. Other studies on
HER2 expression showed that its overexpression may lead to metastases
in the ovarian cancer cases [21]. Subsequent studies by Jernigan et al.
[4] showed that of the women tested genetically with brain metastases
over 70% carried BRCAI mutations. Nevertheless, the authors thought
that the association with metastases remained hypothetical and re-
quired further investigation. According to Albiges et al. [6] and Sekine
et al. [22] brain metastases in women with BRCAI mutations are fre-
quent.

Apart from those already described, numerous factors affect the
development of metastases of breast and ovarian cancers: the sup-
pressor function of the ER 3 and BRMSI1 (breast cancer metastasis
suppressor 1) was described as well as the effects of other genes linked
to metastases, such as SDF1/CXCR4 (stromal cell-derived factor-1/C-X-
C chemokine receptor type 4) and AEG1 (astrocyte elevated gene)
[10,11,23-27].

The study aimed to examine the correlation between:
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Table 1
Characteristics of patients included in the study.

Breast cancer patients

Histological type of cancer Clinical advancement stage Grading
1 Ductal Tlc NO MO G3
2 Ductal Tlc NO MO G2
3 Ductal T1 NO MO G3
4 Ductal T1lc N1lmic MO G2
5 Ductal T1 N1 MO G3
6 Ductal Tlc N1 Mx G3
7 Ductal Tlc Nla Mx G3
8 Ductal T1b N2a MO G2
9 Ductal T2 NO MO G3
10 Ductal T2 N1 MO G2
11 Ductal T2 Nla MO G3
12 Ductal T2 N1 MO G3
13 Ductal cT2b N1 MO X
14 Ductal T2 N2 MO G2
15 Ductal T2 N2 Mx G2
16 Ductal T2 N2 Mx G3
17 Ductal T2 N2 MO X
18 Ductal T3 N1 MO X
19 Ductal T3 N2 MO G3
20 Ductal T3 N2 M1 G2
21 Ductal T4 N1b MO G2
22 Ductal T4 N1 M1 X
23 Ductal T4b Nla Mx G3
24 Ductal T4 N2 MO G2
25 Ductal T4d N2a MO G2
26 Ductal T4 N2 M1 G3
27 Ductal T4c N2 M1 G2
28 Ductal TxNOM1 X
29 Lobular pT2pN1Mx G2
Ovarian cancer patients
1 Serous I High
2 Serous 1ic High
3 Serous 1Ic High
4 Serous 1Ic High
5 Serous 1Ic High
6 Serous 1IC High
7 Serous 1Ic High
8 Serous 1Ic High
9 Serous Ic High
10 Serous v High
11 Serous v High
12 Serous No staging High
13 Serous, partially clear cell I High
14 Serous, partially clear cell 1IIC High
15 Serous, partially endometrioid 1Ic High
16 Serous, partially endometrioid v High
17 Clear cell IC High
18 Endometrioid 1B High
19 Endometrioid v High
20 Mucous mmic High
21 Hypercalcemic, small cell v High
22 Undifferentiated 1B High

- clinical-pathological factors (patient age, histological type of cancer,
stage of clinical advancement, grade of histological maturity —
grading (G),

- status of ERa, PR, HER2 receptors (in cases of breast cancer), ER a
(in cases of ovarian cancer)

- molecular factors linked to metastases: SDF1, CXCR4, AEG1, BRMS1
in women with brain metastases, depending on the expression of
BRCAL1 in tissues of primary tumors

2. Material and methods

2.1. Study population

In our multicenter study, we included 51 patients: 29 with breast
cancer and present brain metastases, and 22 with ovarian cancer and
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Fig. 1. Positive immunohistochemical staining of a) BRCA1 and b) BRMSI.

present brain metastases (Table 1). The mean age of patients upon di-
agnosis of the disease in the group of women with breast cancer
amounted to 54.6 years and 53.1 years in the group of patients with
ovarian cancer.

Twenty-eight patients with breast cancer had been diagnosed with
ductal cancer, one patient had lobular cancer. Among patients with
ovarian cancer, 12 patients had serous tumor, 4 of partially serous
histology and the remaining were diagnosed with endometrioid, clear
cell, low differentiated, hypercalcemic or mixed histology.

2.2. Immunohistochemistry - method

The histopathological samples used in the study were archive par-
affin blocks with the cancer tissue from the primary surgery for ovarian
or breast cancer. The tissue material was fixed in 10% buffered for-
malin, pH 7.4, and placed in a processor. The tissue was paraffin-em-
bedded at a temperature of 60°C using standard histopathological
methods. The appropriately marked paraffin blocks obtained in this
way were cut in a microtome into 4-5pm thick sections, placed on
adhesive microscope slides and left for 1 h at a temperature of 60 °C.
Antibodies were used (Roche Diagnostics, Switzerland) to estimate
HER2, anti-HER2/neu (clone 4B5). Samples with score 2+ according to
ASCO/CAP criteria were examined by FISH method described in ASCO/
CAP guidelines [28]. The immunohistochemical method was applied
using the ultraView Universal DAB Detection Kit (Roche Diagnostics,
Switzerland). Immunoperoxidase staining was conducted in BenchMark
Ultra apparatus (Ventana Medical System/Roche Diagnostics, Switzer-
land). The studies took advantage of the immunohistochemical tech-
nique using DAKO En Vision™FLEX + System (DAKO, Denmark). In the
paraffin sections antigens were uncovered in Target Retrieval Solution,
High pH (DAKO, Denmark) in PT-link apparatus, at a temperature of
97 °C, for 20 min. Estrogen alpha and progesterone receptors were es-
timated using DAKO monoclonal antibodies (DAKO, Denmark). The
markers were detected using RTU: ER antibodies, clone EP1, PR clone
636, using an immunohistochemical technique with the DAKO En Vi-
sion™ Flex System. Immunoperoxidase staining was conducted in the
Autostainer Link 48 apparatus (DAKO, Denmark). Monoclonal and
polyclonal antibodies were employed (Abcam, UK) to estimate SDF1,
AEG1, CXCR4, BRMS1 markers as well as BRCAL. In staining, primary
antibodies: anti-SDF1 ab 18,919 (dilution 1:500), Anti-AEG1 [EP4445]
ab 124,789 (dilution 1:250), anti-CXCR4 [UMB2] ab 124,824 (dilution
1:500), anti-BRMS1 [EPR 7202] ab134968 (dilution 1:500) and anti-
BRCA1 [MS110] ab 16,780 (dilution 1:200) were used. Subsequently,
the DAKO EnVision™FLEX/HRP (DAKO, Denmark) was used with an
incubation time of 20 min. In turn, the sections were incubated with the
En Vision™ FLEX DAB + Chromogen (DAKO, Denmark) for 5 min. The

immunoperoxidase staining was conducted manually, at room tem-
perature. Estrogen receptors 3 were estimated using the polyclonal
antibody (Biogenex, US), diluted 1:500. In the paraffin sections, the
antigens were retrieved using the Target Retrieval Solution, low pH
(DAKO, Denmark), in PT-link apparatus at a temperature of 97 °C, for
20 min. The DAKO En Vision™ FLEX/HRP system was used, incubation
time: 20 min. The sections were then incubated in En Vision™FLEX
DAB + Chromogen for 5min. Immunoperoxidase staining was con-
ducted manually at room temperature.

2.3. Immunohistochemistry - assessment

The immunohistopathological reaction in each cancerous tumor
sample was assessed, depending on the intensity, as a positive or ne-
gative. Positive reaction was assessed when positive staining was de-
tected in more than 10% of cancer cells. Lack of protein expression or
positive immunohistopathological staining in less than 10% of cancer
cells was found as negative reaction. HER2 scoring was interpreted
according to ASCO/CAP criteria [28].

2.4. Statistical analysis

Statistical analysis was performed with Statistica 10 software
(StatSoft Inc, USA). The Mann-Whitney, Kruskal-Wallis tests and
Spearman’s were used. Statistical significance was accepted at
p < 0.05.

2.5. Ethics approval

This study was approved by the Bioethics Committee at Poznan
University of Medical Science, Poland (approval number #KB 1052/
18). This study was performed in compliance with the Declaration of
Helsinki.

3. Results

BRCA1, BRMS1, ERa, PR immunohistochemical staining have
shown nuclear pattern (Figs. 1 and 2). CXCR4 and HER2 reaction
presented membranous type, while AEG1 and SDF1 staining was of a
membrane and cytoplasmic type (Figs. 3 and 4).

3.1. Breast cancer patients
In 19 out of 29 (65.5%) patients with breast cancer, loss of BRCA1

expression was detected in the tumor tissue. No correlation could be
detected between the expression of BRCA1 and the stage of disease
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Fig. 2. Positive immunohistochemical staining of a) ER alfa; b) ER beta and C) PR.

advancement, histological maturity of cells, presence of metastases in
axillar lymph nodes or of distant metastases (p > 0.05). A high ex-
pression of BRMS1 protein in tumor tissue was evident in all the pa-
tients while the expression of AEG1 protein was detected in all patients
with ductal cancer but not in the patient with lobular breast cancer.
Among the 29 patients, a high expression of ER receptors was detected
in 11 patients (37.9%), and of progesterone receptors in 10 patients
(34.5%) (Table 2). In 8 patients (27.6%) the presence of HER2 protein
was detected using immunohistochemical techniques and amplification
of the protein was confirmed using the FISH method. A high expression
of SDF1 was evident in only 2 patients (6.9%) and high CXCR4 ex-
pression was noted in 11 patients (37.9%). In patients with breast
cancer no significant differences were disclosed in the levels of ERa, PR,
HER2, SDF1, CXCR4, BRMS1, AEG1 protein expression in the tumor
cells (p > 0.05). Also, expression of the proteins manifested no cor-
relation with patient age, stage of disease advancement, grade of his-
tological maturity of the cells, presence of metastases to lymph nodes,
presence of distant metastases. Women with a negative status of PR
receptors manifested a high expression of CXCR4 (p = 0.0436) sig-
nificantly more frequently. No other significant correlations was de-
tected between the studied proteins.

3.2. Ovarian cancer patients

In the studied group of patients with ovarian cancer, a loss of
BRCAL1 expression in the tumor was detected in 15 out of 22 patients
(68.2%). No correlation was disclosed between the level of BRCA1
expression and the grade of disease advancement, histological maturity
of cells or age of the patients (p > 0.05). A high expression of BRMS1
protein in tumor tissue was recorded in 21 out of 22 patients (95.5%),
while AEG1 protein expression was detected in 19 patients (86.4%)
(Table 2). In 8 patients (36.4%) a high expression of ERa receptors was
demonstrated. Similar to breast cancer, neoplastic cells of ovarian

cancer in most cases (21 of 22 cases, 95.5%) did not manifest a positive
reaction of SDF1 protein. Positive immunohistochemical reaction for
CXCR4 receptor was detected in 12 cases (54.5%). In the group of pa-
tients with ovarian cancer, no significant differences were disclosed in
the levels of expression of ERa, SDF1, CXCR4, BRMS1, AEG proteins
which would depend on status of BRCA1 protein in neoplastic cells
(p > 0.05). Also, no correlation was disclosed between the expression
of the proteins and patient age, stage of advancement of the disease or
histological type of the tumor.

4. Discussion

Brain metastases in the course of breast cancer develop in as many
as 30% of patients [1,5]. Few studies have evaluated the effect of BRCA
mutations on the frequency of their manifestation, despite the suspicion
that brain metastases are thought to develop more frequently in these
patients than in sporadic breast cancer [4,6,22]. In the study by Albiges
et al. [6] as many as 67% of patients (10 women out of 15 patients)
with breast cancer with the BRCAI mutation developed such metas-
tases. No such metastases in patients with the BRCA2 mutation was
noted. However, the studies did not examine molecular variables which
could affect the frequency of metastases.

BRMS]1, the gene inhibiting metastases, is located on chromosome
11q13.1 - q13.2. The suppressor function was demonstrated to inhibit
the nuclear signaling pathway (Nk-kB) and phosphoinositide signaling.
Moreover, it inhibits the expression of osteopontin (OPN) and urokinase
plasminogen activator (uPAR) and reduces the adhesion of cells to
components of the extracellular matrix. Its activity has been demon-
strated in breast and ovarian cancers [9-11].

SDF1 involves a chemokine coded by the SDF1 gene located on
chromosome 10q11.1 [24]. It includes two forms: SDF1a and SDF1p,
which differ in function. SDFla represents a factor of chemotaxis,
acting through the CXCR4 receptor present in neoplastic cells [25]. The

Fig. 3. Positive immunohistochemical staining of a) AEG1 and b) HER2.
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Fig. 4. Positive immunohistochemical staining of a) SDF1 and b) CXCR4.

Table 2

Positive immunohistochemical staining of selected proteins depending on the
level of BRCAL1 expression in neoplastic tissue in patients with breast cancer and
ovarian cancer.

Breast cancer patients

BRCA1 - positive BRCA1 - negative Total

expression expression n = 29 (100%)

n=10 n=19
ER 4 (40%) 7 (36.8%) 11 (37.9%)
PR 3 (30%) 7 (36.8%) 10 (34.5%)
HER2 3 (30%) 5 (26.3%) 8 (27.6%)
SDF1 1 (10%) 1 (5.2%) 2 (6.9%)
CXCR4 2 (20%) 9 (47.3%) 11 (37.9%)
AEG1 10 (100%) 18 (94.7%) 28 (96.6%)
BRMS1 10 (100%) 19 (100%) 29 (100%)

Ovarian cancer patients

BRCAL - positive BRCALI - negative Total
expression expression n=22
n=7 n=15
ER 3 (42.9%) 5 (33.3%) 8 (36.4%)
SDF1 0 (0%) 1 (6.7%) 1 (4.5%)
CXCR4 3 (42.9%) 9 (60.0%) 12 (54.5%)
AEG1 6 (85.7%) 13 (86.6%) 19 (86.4%)
BRMS1 7 (100%) 14 (93.3%) 21 (95.5%)

interaction of SDF1 and CXCR4 in many types of cancer is significant in
the development of metastases to several tissues; CXCR4+ cells are
directed to organs with SDF1 expression. Moreover, the SDF1/CXCR4
complex stimulates proliferation of breast and ovarian cancer cells in a
manner similar to that of estradiol [25,26].

Gene AEGI, located on chromosome 8922 codes for the protein of
metadherin. The overexpression of AEG1 metadherin is associated with
tumor invasion through the activation of the PI3K-Akt pathway which
is also involved in oncogenic signaling. PI3K-Akt influences the NFkB
nuclear factor associated with metastases through its effect on proteins
of cell adhesion and chemokines. AEG1 plays a role in the anchorage of
cancer cells [27,29,30].

Our study disclosed the loss of BRCA1 expression in breast tumor in
65.5% women (19 out of 29 patients). Precise frequency of somatic
mutations remains unknown in the available literature. Li et al. [31]
detected in breast cancer patient population around 5.5% of germline
mutation and additionally 3% of somatic mutations of BRCA1/2 genes.
We examined the relationship of such protein loss with clinical-patho-
logical variables with the status of receptors (ERa, PR, HER2) and with
molecular factors associated with metastases: SDF1, CXCR4, AEG1 and
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BRMS. No such relationship was identified. In women with a negative
status of PR receptor expression, the expression of CXCR4, the receptor
for SDF1 proved to be more frequent, which may indicate a relationship
between the PR expression and metastases. In studies by other authors,
the SDF1/CXCR4 complex was demonstrated to be of key importance
for metastases of several tumors, including breast and ovarian cancer
[25,26]. Unfortunately, we failed to examine cancerous tissues in the
brain to confirm, possibly, an elevated expression of SDF1, the cytokine
guiding the cancer-presenting cells with CXCR4 at this site. In all cases
of breast cancer (100%) we detected the expression of BRMS1, a me-
tastases-inhibiting gene protein, but in 96.6% of cases we detected the
expression of AEG1. The protein of the gene is responsible for the de-
velopment of metastases through several mechanisms, including the
anchorage of metastatic cells, activity of matrix metalloproteinases as
well as function of protein kinase C. Thus, the process of metastatic
development is extremely complex [27,32,33].

Brain metastases in the course of ovarian cancer are rare, which has
also been confirmed by the European MITO analysis [34]. From the
literature, the percentage of germline mutations in BRCA1 in a general
population of ovarian cancer patients is 15%, and somatic mutations
are detected in around 3% [35,36]. In our study, the loss of BRCA1
expression in cancer cells was manifested in 68.2% women (15 out of
22 patients). We did not identify any relationship between the studied
variables and BRCA1 status. It is interesting that the expression of
CXCR4 manifested in over 50% of cases (54.5%) and the expression of
AEG1 in the majority (86.4%) of cases. Such a result in cases of brain
metastases could be expected but the high expression of the inhibitory
BRMS1 gene (in 95.5% of cases) seemed inadequate in the situation of
existing metastases. The BRMSI gene is linked to the inhibition of
metastases [9-11]. According to Hurst et al. [37], the suppression of
metastatic development most probably depends on the interaction of
the gene with multiple molecular factors. These interesting studies re-
quire correlating estimations of molecular variables in tissues of pri-
mary and metastatic tumors in the brain, to identify the molecular
factors decisive for metastases more accurately.

5. Conclusions
Patients with BC and OC and brain metastases have a frequent loss

of BRCA1 expression. The role of ERa, PR, HER2, SDF1, CXCR4, AEG1,
BRMS1 in metastatic process needs further studies.
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