Biomedical Research 2017; 28 (15): 6654-6661

ISSN 0970-938X
www.biomedres.info

Correlation between the expression of BRCA-1 and BAG-1 proteins in triple
negative breast cancer and its sensitivity to platinum-based chemotherapy.
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Abstract

The aim of this study was to detect the expression of BRCA-1 and BAG-1 in Triple Negative Breast
Cancer (TNBC), and analyse the correlation between protein expression and sensitivity to Platinum-
based Chemotherapy (PbC). Malignant tissues from 72 TNBC patients who were treated according to
the NP and GP programs; then, the relationships between BRCA-1 and BAG-1 protein expression and
the survival period (median Overall Survival (OS) and Progression-Free Survival (PFS)) were examined.
In TNBC, BRCA-1 expression was related to lymph node metastasis and clinical stage (P<0.01); whereas
BAG-1 expression was only related to lymph node metastasis. In TNBC tissues, the expression of
BRCA-1 and BAG-1 proteins was significantly positively correlated (r=0.845, P=0.001), and the median
OS and PFS of the BRCA-1 and BAG-1-negative group were significantly longer than those of the
BRCA-1 and BAG-1-positive group after PbC (P<0.05). In TNBC, the expression of BRCA-1 and BAG-1
was significantly positively correlated, suggesting that these two have synergistic roles in the
development of TNBC. The survival rate of TNBC patients with non-BRCA-1 and BAG-1-expressing
tumours was higher than that of patients with BRCA-1 and BAG-1-expressing tumours; thus, negativity

for BRCA-1 and BAG-1 expression could be used to predict chemo sensitivity of TNBC to PbC.
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Introduction

Breast cancer is a highly heterogeneous disease, and its clinical
course varies tremendously [1]. While some of this variability
can be explained by traditional clinicopathological factors,
molecular profiling studies have defined breast cancer subtypes
with distinct clinical outcomes, including Luminal A type,
Luminal B type (including HER-2-negative and HER-2
positive), HER-2-overexpressing type, and triple-negative type,
according to immunohistochemistry [2,3].

The prognosis of Triple-Negative Breast Cancer (TNBC) has
been shown to be related to different genes; in addition,
survival after metastatic relapse with TNBC is shorter than
with other breast cancer subtypes, the treatment options are
few, and the response rates are poor and lack durability [4,5].
Currently, Platinum-based Chemotherapy (PbC) is the most
popular treatment for TNBC, and the pathological complete
remission rate (pCR) of carboplatin-containing chemotherapy
for TNBC is 15% [6,7].

BRCA-1 is a tumour suppressor gene, and methylation of
BRCA-1 initiation factor can reduce its expression. BRCA-1
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expression is associated with high histological grades and a
triple-negative phenotype [8-10]. Many studies have shown
that PbC exhibits significant activities in TNBC patients with
BRCA-1 gene defects and BRCA-1 mutation carriers benefit
more from neoadjuvant PbC than non-carriers [11-13].
Misregulation and reduced expression of BRCA-1 also
contribute to sporadic forms of breast cancer. The primary
tumour-suppressing role of BRCA-1 is related to the
maintenance of genomic integrity through regulation of DNA
replication, repair, and transcription as well as the maintenance
of various cell cycle checkpoints that ensure the survival of
healthy cells. The important role of BRCA-1 in TNBC has also
been demonstrated.

BAG-1 is an anti-apoptotic gene, and some researchers have
evaluated BAG-1 expression in BC by immunohistochemistry
(IHC), and showed that about two-thirds or more patients
showed high BAG-1 expression, which could inhibit the
apoptosis of BC cells, enhance the resistance of tumour cells to
radiation, hypoxia, and chemotherapeutic drugs, stop external
stimuli-induced cell growth inhibition, and prolong the life of
cells. Thus, BAG-1 expression might be associated with
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resistance to PbC. In addition, BAG-1 has been used as a
biomarker for predicting long-term survival in early-stage BC,
as increased levels of BAG-1 are associated with better
outcomes. Furthermore, the expression of BRCA-1 and BAG-1
in TNBC patients may be a more reliable biomarker than either
one alone.

In this study, the expression of BRCA-1 and BAG-1 in TNBC
was evaluated and combined with a retrospective analysis of
clinical follow-up to examine the relationship of BRCA-1 and
BAG-1 expression with chemosensitivity to PbC. The
correlations among these variables were studied with an aim to
provide experimental and clinical evidence for individualized
TNBC treatment.

Materials and Methods

General clinical information

For this study, patients with BC, diagnosed in the department
of general surgery of the First Affiliated Hospital of Liaoning
Medical College from Jan 2004 to Dec 2010, were selected,
who had immunohistochemically confirmed ER (-), PR (-) and
HER-2 (-) BC by two senior pathologists. This study was
conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee
of Jinzhou City Central Hospital. Written informed consent
was obtained from all participants. All patients were female
and aged 32-73 y (median, 47 y). Among the 72 patients there
56 cases of invasive ductal carcinoma, 11 cases of invasive
lobular carcinoma and 5 cases of other. There were 43 patients
with lymph node metastasis, and 29 patients without lymph
node metastasis. The patients were staged according to the
AJCC staging system (2003), and there were 10 cases of stage
I, 36 cases of stage II and 26 cases of stage III/IV. The patients
did not receive preoperative chemotherapy, biological therapy,
or immunotherapy, and postoperative PbC was performed in
the department of oncology before enrolment. The patients
were also evaluated by colour ultrasound of the breast and
axillary lymph nodes, chest and abdominal CT, head CT or
MRI, and other tests, and their clinical data were complete.
The PbC regimen was carried out for at least two cycles, and
only when the patient provided written informed consent. In
addition, 30 normal breast tissues were randomly sampled (> 5
cm away from the edge of the cancerous tissue) from the
above-mentioned 72 TNBC patients, another 25 patients with
benign breast diseases were included as controls.

BRCA-1 and BAG-1 detection

Immunohistochemistry was used to evaluate BRCA-1 and
BAG-1 expression, and the immunoreactive scores were
calculated according to the degree of staining and the
percentage of stained cells. A rabbit anti-human BRCA-1
polyclonal antibody (Proteintech Group, USA) and a rabbit
anti-human BAG-1 polyclonal antibody (Beijing Biosynthesis
Biotechnology Co. Ltd.,, China) were used in these
experiments.
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Clinical treatment

All patients were administered at least 2 cycles of PbC. The
two regimens used were the NP program: vinorelbine, 40
mg/m? on days 1 and 8 and cisplatin, 25 mg/m? on days 1-3
and the GP program: gemcitabine, 1000 mg/m? on days 1 and
8 and cisplatin, 25 mg/m? on days 1-3. Efficacy was evaluated
as described in similar studies conducted abroad, by
determining the Overall Survival (OS), Median OS,
Progression-Free Survival (PFS) and median PFS.

Follow-up protocol

All patients were followed up in the clinic or by telephone, and
the follow-up start time was the end of PbC, and the end of
follow-up was Dec 2010 or the date of recurrence, metastasis,
or death by any cause. Follow-up analyses included color
ultrasound of breast and lymph nodes, chest and abdominal
CT, head CT, MRI, etc., and all included patients had complete
clinical and follow-up data. Patients unwilling to continue and
those who were lost were recorded as lost.

Statistical analysis

All data and statistical analyses were performed using
SPSS17.0 statistical analysis software. Expression among the
experimental groups was evaluated by the chi-square test and
Fisher’s exact test. The correlation of BRCA-1 with BAG-1
was analysed with Spearman’s correlation analysis, and
intergroup differences were compared with the log-rank test.
Survival data were analysed with the Kaplan-Meier method
and the statistical significant of differences was evaluated with
a two-sided test. P values less than 0.05 were considered
statistically significant.

Results

Pathomorphology

Among the 72 TNBC patients, there were 56 case of invasive
ductal carcinoma, 11 cases of invasive lobular carcinoma, and
5 case of other; 43 patients had lymph node metastasis, while
29 patients did not have lymph node metastasis. The cases
were staged according to the AJCC staging system (2003) and
there were 10 cases of stage I, 36 cases of stage II, and 26
cases of stage III/IV. As controls, 30 tumour-adjacent normal
breast tissues were randomly selected from the BC patients as
well as another 25 benign breast lesions. The panels in Figure 1
show BRCA-1 (-) and BAG-1 (-) benign breast lesion (A and
D), BRCA-1 (+) and BAG-1 (+) invasive ductal carcinoma (B
and E) and other types of BRCA-1 (+) and BAG-1 (+) TNBC
(Cand F).

Expression of BRCA-1 and BAG-1 in different breast
tissues

As shown in Table 1, the expression levels of BRCA-1 and
BAG-1 in TNBC were 76.4% and 69.4% higher, respectively,
than those in benign breast lesions and adjacent normal breast
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tissues. The intergroup comparison showed that these
differences were statistically significant (P<0.01).

Relationships between clinicopathological features
and the protein expression of BRCA-1 and BAG-1

As shown in Table 2, BRCA-1 expression in TNBC was
related to lymph node metastasis and clinical stage, as the rate
of BRCA-1 expression in the lymph node metastasis group
(93.0%) was significantly higher than that the non-lymph node
metastasis group (51.7%). In addition, more advanced clinical
stages were significantly associated with higher expression
(P<0.01). However, BRCA-1 expression was also significant
correlated with other clinicopathological features (P<0.05).

BAG-1 expression in TNBC was related to lymph node
metastasis, as the expression rate in the lymph node metastasis
group (79.1%) was significantly higher than that in the group
without lymph node metastasis (55.2%), and the difference was
statistically significant (P<0.05). However, BAG-1 expression
was also significant correlated with other clinicopathological
features (P<0.05).

Correlation of BRCA-1 with BAG-1

Spearman’s rank correlation test showed that BRCA-1 and
BAG-1 were significantly positively correlated in TNBC
(Figure 2) (r=0.845, P=0.001).

Expression of BRCA-1 and BAG-1 and the efficacies
of treatment in TNBC

Of the 72 TMBC patients, 5 were lost to follow-up; therefore,
67 patients completed follow-up. The survival analysis of these
67 patient revealed that the median PFS and median OS of the

Table 1. Expressions of BRCA-1 and BAG-1 in different breast tissues.

BRCA-1-negative group (median PFS=17.08 months; 95%
CI=12.592-21.568 and median OS=36.10 months; 95%
CI=19.303-52.897) were longer than those of the BRCA-1-
positive  group (median PFS=11.90 months; 95%
CI=10.538-13.262 and median OS=23.10 months; 95%
CI=17.844-28.356) and the intergroup comparison of median
PFS showed a statistically significant difference (P=0.000)
(Figures 3A and 3B).

The median PFS and median OS of the BAG-1-negative group
(median PFS=12.10 months; 95% CI=12.592-21.568 and
median 0S=29.23 months; 95% CI=16.245-42.215) were
longer than those of the BAG-1-positive group (median
PFS=12.00 months; 95% CI=10.637-13.363 and median
08S=23.56 months; 95% CI=20.788-26.332) and the intergroup
comparison of median PFS and median OS showed a
statistically significant difference (P=0.046) (Figures 3C and
3D).

Benign breast lesions

Figure 1. Immunohistochemistry of different gene expression and
different breast lesion. A: BRCA-1 (-); B, C: BRCA-1 (+); D: BAG-1
(-); E, F: BAG-1 (+).

Group Cases BRCA-1 BAG-1
+ % X2 P + % X2 P
Benign breast lesions 25 1 4 2 8
Adjacent normal breast tissues 30 7 23.3 49.744 0 6 20 38.666 0
TNBC 72 55 76.4 50 69.4
Table 2. Relationship between the expressions of BRCA-1 and BAG-1 with the clinicopathological features.

Group Cases BRCA-1 BAG-1

+ % X2 P + % X2 P
Age (y) 0.002 0.963 27 0.1
<50 42 32 76.2 26 61.9
=50 30 23 76.7 24 80
Menstruation 1.849 0.174 1.799 0.18
Before menostasis 44 36 81.8 28 63.6
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After menostasis 28 19 67.9 22 78.6
Lymph node metastasis 16.378 0.001 4.661 0.031
Negative 29 15 51.7 16 55.2
Positive 43 40 93 34 79.1
Pathological type 0.974 0.614 0.413 0.813
Invasive ductal carcinoma 56 44 78.6 38 67.9
Invasive lobular carcinoma 1 8 72.2 9 81.8
Others 5 3 60 3 60
Clinical stage 9.481 0.009 5.077 0.079
Stage | 10 4 40 7 70
Stage Il 36 28 77.8 29 80.6
Stage IIl/IV 26 23 88.5 14 53.8
Discussion
40,004 o o BC’s are a heterogeneous group of tumours with large
) o ° o individual differences. Over the past decade, remarkable
Oo R progresses in BC treatment have been made with endocrine
30.004 0° therapy targeting hormone receptor-positive tumours and
- o .0 ©°° 8 HER-2-positive targeted therapy. In contrast, because of a lack
2 o %300 ° of viable molecular targets, progress in the treatment of TNBC
2 10.00- ° o has been comparatively slow. This subtype of BC is
) °% 5 aggressive, and the prognosis is poor; although it is sensitive to
o Co0008 chemotherapeutic drugs, recurrence is early and rapid, and the
10.00- 2 Q° survival period is short. “Triple negative” is highly regarded as
' a risk factor when selecting treatment. Recently, in-depth
studies of the pathophysiology and molecular characteristics of
5_b0 10"00 15 100 20'_00 25100 TNBC have provided the basis for new treatments. Current and
BRCA-1 future clinical trials are expected to optimize and improve the

Figure 2. Correlation of protein expressions of BRCA-1 and BAG-1
(r=0.845, P=0.001).
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Figure 3. Survival curves in different groups.
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treatment options for TNBC.

Currently, combined chemotherapy with PbC is used to rescue
patients with tumours that are resistant to anthracycline and
(or) taxane chemotherapy; However, the effects are not
consistent. PbC has recently received much attention for the
treatment of TNBC because it can act directly on DNA. PbC
can cross-link double-stranded DNA (dsDNA), resulting in
dsDNA breaks, which impede the replication and transcription
of DNA, and ultimately lead to tumour cell death [14,15]. A
series of studies had demonstrated that pCR of TNBC patients
after treatment with PbC was about 23-90%, which was higher
than that obtained after anthracycline-taxane sequential
chemotherapy (19-34%) [16]. As for the susceptibility to PbC,
studies continued to find meaningful predictors in different
tumours. BRCA-1 and BAG-1 expression was associated with
TNBC, and related to the mechanism of PbC. We aimed to
investigate the sensitivities of tumours to PbC according to
BRCA-1 and BAG-1 expression, which might provide the
foundation for future prospective studies.

BRCA-1 is a breast cancer susceptibility gene located on
human chromosome 17ql12-21. The BRCA-1 genome is
approximately 100 kb is length, containing 24 exons and
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encoding a single protein of 1863 amino acid residues with a
molecular weight of 220 kDa [17]. The gene product plays a
variety of roles; it is involved in repairing dsDNA damage and
maintaining genomic stability, including telomeric allelic
imbalance, heterozygosity loss, and massive displacement etc.,
which are biomarkers of homologous recombination defects
[18]. This also provides a theoretical basis for BRCA-1 as a
predictor of PbC sensitivity in TNBC [19-21]. When the DNA
in normal cells is damaged, it activates a DNA repair system,
including BRCA-1, thus regulating the DNA repair process.
When BRCA-1 is mutated, it cannot help repair dsDNA
breaks, which is one of the pathogenic pathways underlying
TNBC [22]. Lee et al. studied 1,167 BC patients (20-49 y old),
and 48% of patients with a BRCA-1 gene mutation had TNBC,
whereas only 12% of patients without a BRCA-1 mutation had
TNBC [23]. This study showed that the BRCA-1 expression
rate in TNBC tissues was 76.4%, which was significantly
higher than the rates in normal breast tissues and benign breast
tissues (P<0.01). Thus, we speculate that BRCA-1 is involved
in the formation of TNBC. This study showed that in TNBC,
BRCA-1 expression was associated with lymph node
metastasis, as the expression rate in the lymph node metastasis
group (93.0%) was higher than that in the non-lymph node
metastasis group (51.7%), and this difference was statistically
significant (P<0.01), which was not the same as the rate
reported above, perhaps because our study included a relatively
small number of cases and all the cases were TNBC.

The in vitro experiments by Husain et al. showed that up
regulated expression of BRCA-1 could lead to cisplatin
resistance, and in the cisplatin-resistant MCF7 BC cells,
BRCA-1 was highly expressed [24]. Another study showed
that low BRCA-1 levels could improve cisplatin sensitivity and
paclitaxel resistance, whereas normal and high BRCA-1 level
had the opposite effects. The results of the present study
showed that the median PFS and median OS in the BRCA-1-
negative group were longer than those of the BRCA-1-positive
group after administration of PbC, and the difference was
statistically significant (P<0.01), indicating that tumours with
down regulated BRCA-1 expression would be much more
sensitive to PbC, similar to the above findings. The difference
in the results of the studies might be due to the fact that
inactivation of BRCA-1 function is related to impairment of
dsDNA breakage repair. Thus, such tumours are sensitive to
DNA cross-linking agents and platinum-based drugs that can
induce dsDNA breaks.

The BAG-1 gene is located on chromosome 9p12 and its full
name is Bcl-2-associated anti-apoptotic gene. It was first
reported in 1995 when Takayama screened Bcl-2 protein-
associated proteins from the Jurkat human lymphocyte cell line
[25]. A number of studies have shown that BAG-1 was highly
expressed in breast, lung, colorectal, prostate, and other
malignant cancers, but was not expressed or expressed at a low
level in normal tissues, and the BAG-1 gene might be a
predictor of sensitivity to platinum drugs in advanced non-
small-cell lung cancer [26]. Several studies have used
immunohistochemical methods to detect the expression of
BAG-1 protein, and the results showed that BAG-1 was largely
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expressed in BC. In this study, we showed that BAG-1 protein
was expressed in 69.4% of TNBC tissues, and this rate was
significantly higher than the rates in benign breast lesions and
adjacent normal breast tissues (P<0.01), suggesting that
BAG-1 plays a role in the occurrence and development of
TNBC and could be used as early diagnostic indicator [27,28].
Different results have been reported on the correlations
between the expression of BAG-1 with the malignancy of
TNBC [25,29]. This study showed that BAG-1 expression was
correlated with lymph node metastasis (P<0.05), as the
expression rate in the lymph node metastasis group (79.1%)
was significantly higher than the rate in the non-lymph node
metastasis group (55.2%).

The reason for this might be that BAG-1 is involved in the
metastasis of TNBC, a phenomenon that requires further study.
The main function of BAG-1 is anti-apoptosis, and its
overexpression can inhibit the apoptosis of normal cells. Thus,
in BAG-1 overexpressing tissues, the number of cells might
abnormally increase and accumulate, increasing the rate of
genetic mutations, and leading to the malignization of cells.
Meanwhile, it might also increase the resistance of tumour
cells to chemotherapeutic drugs, which could be a mechanism
associated with resistance to platinum drugs. One study
showed that synthesis of the BAG-1 protein was initiated by
both cap-dependent and non-cap-dependent structures, and the
synthesis of BAG-1 is dependent on IRES binding to the 5'-
untranslated region of BAG-1 mRNA [30]. When exposed to
cisplatin, IRES could not be synthesized; therefore, the
expression of BAG-1 was down regulated. There have been
rare reports on the relationship between BAG-1 and platinum
drug sensitivity in TNBC. The results of this study showed that
in TNBC, the median PFS and median OS in the BAG-1-
negative group were significantly longer than those in the
BAG-1-positive group (P<0.05). Theoretically, as BAG-1 is an
anti-apoptotic protein, if BAG-1 is highly expressed in cells, it
would increase the probability of mutation, thus promoting the
recurrence and metastasis of tumours, and affecting OS. The
results of this study support this hypothesis.

In the present study, the correlation analysis of BRCA-1 and
BAG-1 showed that their expression was positively correlated
(r=0.845, P=0.001). These data seemed to contradict the idea
that Bcl-2 itself is the bridge between the above two factors, as
paradoxical relationships exist during the anti-apoptotic
process. BRCA-1 is involved in transcriptional regulation, and
can regulate cell cycle checkpoints and induce apoptosis; thus,
its functions are closely related to those of other apoptosis-
regulating proteins, such as C-myc, p53, and Bcl-2. Laulier et
al. reported that the occurrence of ionizing radiation-induced
BRCA-1 mutations was inhibited when Bcl-2 was ectopically
expressed [31].

Another study showed that in BRCA-1-mutated BC cells, the
expression of the apoptosis inhibition gene Bcl-2 was
decreased [32]. BAG-1 is an anti-apoptotic gene, and it
encodes a multifunctional binding protein. Although it does not
belong to the Bcl-2 family, BAG-1 can bind to Bcl-2 and form
a complex; thus, promoting its anti-apoptotic abilities [33].
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Further research is needed to further clarify the correlations
between BRCA-1 and BAG-1, as well we the mechanisms
underlying their synergic roles in the occurrence and
development of TNBC, which may guide future treatments.

In this study, immunohistochemical methods were used to
analyse the expression of BRCA-1 and BAG-1 in TNBC and
the results showed that the expression of BRCA-1 and BAG-1
was related to the PbC sensitivity of TNBC. Down regulation
or the absence of BRCA-1 and BAG-1 expression might
indicate greater effects when these drugs are applied. With the
continual emergence of new research findings, additional,
more specific biological markers could be found to guide
individual treatment. The application of new molecular
techniques might provide invaluable assistance for identifying
the factors that affect cell survival as well as possible targets
for treatment, so that ultimately, the quality of life of patients
with TNBC might be improved and their survival prolonged.

Conclusions

The study used immunohistochemical methods to detect the
protein expression of BRCA-1 and BAG-1 and these dates
were combined with clinical follow-up to comprehensively
analyse the relationships of BRCA-1 and BAG-1 expression
with survival after PbC. We arrived at the following
conclusions:

(1) In TNBC, the rates of BRCA-1 and BAG-1 protein
expression were higher than those in adjacent normal tissues
and benign breast lesions, and were related to lymph node
metastasis, suggesting that BRCA-1 and BAG-1 play roles in
the development and early metastasis of TNBC. Thus, they
could be used as potential prognostic factors. (2) In TNBC, the
protein expression of BRCA-1 and BAG-1 was significantly
positively correlated, suggesting that they had synergistic
effects in the occurrence and development of TNBC. (3) The
clinical follow-up revealed that among patients with TNBC,
the survival period of patient with tumours that were negative
for BRCA-1 and BAG-1 protein expression was longer than
that of patients with tumours that were positive for BRCA-1
and BAG-1 protein expression, suggesting that BRCA-1 and
BAG-1 could be potential predictors of PbC sensitivity, and
could be used to guide the individualized treatment of TNBC
patients.
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