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Abstract. The aim of the present study was to investigate
the expression of estrogen receptor § (ERp) in triple-negative
and triple-positive breast cancer patients, and evaluate
its utility as a prognostic factor. Between January 2000
and December 2010, primary tumor tissue samples were
collected from 234 subjects, including 107 triple-negative and
127 triple-positive breast cancer patients. The samples were
embedded in paraffin and immunohistochemical staining was
conducted to determine the expression levels of ERfB. The
Kaplan-Meier method was used to analyze patient survival
rates. ERP expression was observed in 38/107 patients
(35.5%) with triple-negative breast cancer and 63/127 patients
(49.6%) with triple-positive breast cancer. The ERf expres-
sion rate was significantly decreased in the patients with
triple-negative breast cancer, as compared with those with
triple-positive breast cancer (P=0.03). Analysis of the survival
rates indicated that patients with triple-negative breast
cancer and positive ERf expression exhibited poor disease
progression-free survival (DFS) compared with those with
negative ERP expression (P=0.021). However, no statistically
significant difference was observed in the DFS between the
triple-positive breast cancer patients with positive and nega-
tive ERP expression. Therefore, the expression of ERp varies
between triple-negative and triple-positive breast cancer
patients. In addition, positive expression of ERf indicates
a poor prognosis in triple-negative breast cancer patients;
however, this is not the case for triple-positive breast cancer
patients.
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Introduction

Triple-negative breast cancer is a subtype of the disease, in
which estrogen receptor (ER), progesterone receptor (PR) and
human epidermal growth factor receptor-2 (Her-2) are not
expressed. Triple-negative breast cancer accounts for 10-17%
of total breast cancer cases (1). This form of breast cancer is
highly invasive and is associated with a short survival time
and poor patient prognosis (1). Conversely, triple-positive
breast cancer tissue expresses ER, PR and Her-2. Traditionally,
breast cancer ER refers to the estrogen receptor o (ERa),
which is the most important subtype of the ER. Traditional
endocrine therapy is targeted primarily against ERa and PR;
however, only 40-70% of breast tissue expresses ERa (2,3).
In 1996, Kuiper et al observed that the estrogen receptor
subtype, estrogen receptor 3 (ERP) was present in breast
cancer cells (4). Numerous studies (5-7), including in vitro cell
cultures, animal models and immunohistochemical studies,
have indicated that ERf is closely associated with breast
cancer cell proliferation and invasion. Thus, it may be possible
to develop novel therapeutic approaches for triple-negative
breast cancer that traditionally do not respond to endocrine
therapy. Furthermore, previous studies have indicated that
ERa and ERf expression levels vary among different forms of
breast cancer (8,9). Patients with negative ERa expression also
exhibit positive ERf} expression (10).

In the present study, the expression levels of ERp were
detected in 107 patients with triple-negative breast cancer
and 127 patients with triple-positive breast cancer in order to
determine the association between ERP expression and the
prognosis of patients with triple-negative and triple-positive
breast cancer. In addition, the effect of ER[} expression on the
survival rates of breast cancer patients was analyzed.

Materials and methods

Clinical data. Primary cancer tissue samples were collected
from 107 patients with triple-negative breast cancer and
127 patients with triple-positive breast cancer, who had been
hospitalized at the First Affiliated Hospital of Xinjiang Medical
University (Uriimqi, China) between January 2000 and
December 2010. The tissue samples were paraffin-embedded,
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and complete follow-up data of the patients were available. All
the patients received standard comprehensive cancer treatment,
which included surgery, anthracycline/taxane-based chemo-
therapy and radiotherapy. Patient follow-up was conducted for
2-12 years, with a median follow-up period of 3.5 years. During
the follow-up period, nine patients exhibited cancer recurrence
and metastasis, while 26 patients succumbed to the disease.
All patients were female, with an age range of 32-72 years
and a median age of 49 years. Clinical data were obtained via
telephone or from the medical records of patients who were
regularly admitted to the hospital for review. The disease
progression-free survival (DFS) of the patients was defined
as the period between the date of cancer diagnosis to the
first occurrence of metastasis or cancer-associated mortality.
During the follow-up period, 10 patients with triple-negative
breast cancer and 14 patients with triple-positive breast cancer
were excluded. These patients had succumbed to causes other
than breast cancer, or had been lost to follow-up at the time of
last contact or prior to the study cut-off point.

Prior written and informed consent was obtained from
each patient, and the study was approved by the Ethics Review
Board of Xinjiang Medical University (Uriimgi, China).

Immunohistochemical analysis. Breast cancer tissue speci-
mens were fixed in 10% formaldehyde for 24 h, embedded in
paraffin, sliced into 3-ym sections and incubated overnight
at 70°C. The sections were subsequently dewaxed in xylene
for 20 min and rehydrated in graded alcohols. Endogenous
peroxidase activity was blocked with 3% hydrogen peroxide
for 10 min. For antigen retrieval, the sections were boiled in
EDTA antigen retrieval solution for 20 min. After cooling to
room temperature and washing with phosphate-buffered saline
(PBS), the sections were incubated with a polyclonal rabbit
anti-human ERf primary antibody (#BY-02101; Shanghai
Yueyan Biological Technology, Co., Ltd., Shanghai, China) at
37°C for 1 h in the dark. Subsequently, the sections were incu-
bated with a horseradish peroxidase-conjugated anti-rabbit IgG
secondary antibody (Shanghai Gene Biological Technology
Co., Ltd., Shanghai, China) at 37°C for 30 min in the dark.
Following incubation with the antibodies, the sections were
developed with 3,3'-diaminobenzidine chromogenic reagent
(Tianjin East Tengen Fine Chemical Reagent, Tianjin, China)
for 5 min and counterstained with hematoxylin. Following
hydrochloric acid differentiation and dehydration in graded
alcohols, the sections were mounted with neutral gum (Tianjin
East Tengen Fine Chemical Reagent). Positive samples were
used as the positive controls, while for the negative control, the
secondary antibody was replaced with PBS.

Immunohistochemical staining results were evaluated by
an experienced pathologist. Cells that exhibited brown staining
were considered to be ER3-positive. Five fields were randomly
selected and observed under high magnification (DM LB2;
Leica Camera AG, Wetzlar, Germany). The ERf expression
rate was defined as the ratio of the number of ERp positive
cells to the total number of cells in each field. An ERp rate
<1% was defined as ERp negative [ERf (-)] and an ERp rate
>1% was defined as ERp positive [ER[ (+)].

Statistical analysis. SPSS statistical software, version 17.0
(SPSS, Inc., Chicago, IL, USA) was used to analyze the data.
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Differences between groups were compared using the ¥ test.
The Kaplan-Meier method was used for survival analysis,
while the log-rank test was performed to compare the differ-
ences in the survival rates. All statistical tests were two-sided,
and P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Expression levels of ERB in breast cancer tissues.
Immunohistochemical analysis was performed to determine
the levels of ERf expression in the breast cancer tissue
samples. Representative immunohistochemical staining
results are presented in Fig. 1. Cells with brown particles in the
nucleus were considered to be ERB-positive. In the negative
control group, no cells exhibited positive staining (Fig. 1A).
Cells exhibiting positive ER[ staining are shown in Fig. 1B.

Rate of positive ER[3 expression is reduced in patients with
triple-negative breast cancer. Among the study population,
101/234 cases of breast cancer exhibited positive expression
of ERp (Table I); thus, the positive expression rate was 43.2%.
With regard to the triple-negative breast cancer patients,
38/107 (35.5%) cases exhibited positive ER[} expression.
Furthermore, among the triple-positive breast cancer patients,
positive ER[} expression was observed in 63/127 (49.6%) cases.
Statistically, the triple-negative breast cancer patients exhib-
ited significantly lower expression levels of ERf compared
with the triple-positive breast cancer patients (y*=4.701,
P=0.03).

Triple-negative breast cancer patients with positive ERf
expression exhibit reduced survival times. Survival analysis
was performed using the Kaplan-Meier method in order
to investigate the association between ER[} expression and
survival times in the triple-negative breast cancer patients. The
Kaplan-Meier survival curve is shown in Fig. 2. The survival
rate of the triple-negative breast cancer patients with negative
ERp expression was higher compared with the triple-negative
patients with positive ER} expression, and the difference
was statistically significant (x*=5.330, P<0.05). In addition,
at the end of the follow-up period, the average DFS time for
the triple-negative breast cancer patients with negative ERf3
expression was 10.620 years, which was significantly higher
compared with the triple-negative breast cancer patients with
positive ERP expression (7.417 years; P<0.05). Thus, the prog-
nosis of triple-negative breast cancer patients with positive
ERp expression was comparatively poor.

Survival rate of patients with triple-positive breast cancer
is not affected by ER[ expression. Survival analysis was
also conducted to determine the association between ERf}
expression and the survival rate in triple-positive breast cancer
patients. The Kaplan-Meier survival curve for these patients is
presented in Fig. 3. The expression of ER[3 was demonstrated
to exert no effect on the survival times of the triple-positive
breast cancer patients. No statistically significant difference
was observed in the survival rate between the triple-positive
breast cancer patients with negative ER( expression and those
with positive ERp expression (x*=0.446, P>0.05). Therefore,
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Table I. Expression of ERf in patients with triple-negative and triple-positive breast cancer.
Patients ERp positive, n (%) ERp negative, n (%) Total (n)
Triple-positive 63 (49.6) 64 (50.4) 127
Triple-negative 38 (35.5) 69 (64.5) 107
Total 101 (43.2) 133 (56.8) 234

¥*=4.701 and P=0.030. ERp, estrogen receptor f3.

Figure 1. Expression analysis of estrogen receptor § (ERp) in breast cancer tissue. Immunohistochemistry was used to detect ER[} expression and representa-
tive results are presented (scale bar, 100 pzm). Cells with brown particles in the nucleus were considered to be ER-positive. (A) Negative control without ER

expression and (B) cells with positive ER[} expression.
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Figure 2. Kaplan-Meier survival curve showing the cumulative survival
rates of triple-negative breast cancer patients with positive and negative ERf3
expression. Patients that succumbed to other causes, were lost to follow-up
at the time of last contact or before the study cut-off were excluded. ERp,
estrogen receptor f3; ERB(-), negative ERf} expression; ERB(+), positive ERf3
expression.

the prognosis of triple-positive breast cancer patients was not
found to be associated with ERf expression.

Discussion

Triple-negative and triple-positive forms of breast cancer
are specific molecular subtypes of the disease of which the
triple-negative breast cancer subtype is more malignant.
Triple-negative breast cancer is associated with an increased
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Figure 3. Kaplan-Meier survival curve showing the cumulative survival
rates of triple-positive breast cancer patients with positive and negative ERf3
expression. Patients that succumbed to other causes, were lost to follow-up
at the time of last contact or before the study cut-off were excluded. ERf,
estrogen receptor [3; ERB(-), ERf negative expression; ERB(+), ER positive
expression.

rate of malignancy due to the higher rates of local recurrence
and visceral metastasis (11,12). The ER belongs to the nuclear
receptor superfamily (8). The expression of the ER subtype,
ERa, in breast cancer is associated with tumorigenesis and
prognosis evaluation in breast cancer (9). In addition to ERa,
an additional primary ER subtype is ERf. A previous study
indicated that ERf expression is reduced in ductal carcinoma
in situ and invasive ductal carcinoma, which suggests that
ERp expression may be associated with tumorigenesis and the
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degree of malignancy of breast cancer (13). Furthermore, a
prior study indicated that the expression of ERp is unaffected
by ERa expression (14).

In the present study, positive ERf expression was identi-
fied in 38/107 (35.5%) cases of triple-negative breast cancer.
By contrast, among the triple-positive breast cancer patients,
63/127 (49.6%) cases were identified to express ERf. These
results demonstrate that the rate of positive ERf} expres-
sion in triple-negative breast cancer patients is significantly
decreased when compared with triple-positive breast cancer
patients (P<0.05).

Triple-negative breast cancer reportedly accounts
for 10-17% of all cases of breast cancer (15). At present,
the function of ERf in the prognosis of breast cancer is
contested (15,16). In addition, there are few studies that have
investigated the association between the expression of ERf
and the prognosis of patients with triple-negative breast
cancer. In the present study, the survival analysis indicated
that there was no statistically significant difference in the DFS
time between the triple-positive breast cancer patients with
positive ERP expression and those with negative ER[} expres-
sion. This result suggests that the expression of ERf may not
be a relevant prognostic factor for triple-positive breast cancer
patients. However, with regard to the triple-negative breast
cancer patients, those who exhibited positive ERf expres-
sion had significantly reduced DFS times when compared
with those with negative ER expression (P=0.021). This
observation indicates that ER[} expression may predict a poor
prognostic outcome for patients with triple-negative breast
cancer. Previous studies demonstrated that ERP serves a
crucial function in the regulation of tumor angiogenesis, cell
proliferation and lymphatic metastasis in breast cancer (17-19).
Jensen et al (20) detected the expression of ER and tumor
proliferation markers in breast cancer tissue using immunohis-
tochemistry. The authors observed that the expression of the
tumor proliferation markers was associated with the expres-
sion of ER, indicating that ER expression is correlated with
high proliferative activity of tumor cells. This finding further
indicates that ER is a poor prognosis factor for breast cancer.
However, the role of ERP as an indicator of poor prognosis
in patients with triple-negative breast cancer requires further
investigation.

In summary, ERB expression levels in patients with
triple-negative breast cancer were lower compared with
those in patients with triple-positive breast cancer. The
DFS time was significantly reduced in the ERfB-positive
patients with triple-negative breast cancer, as compared
with the ERpB-negative patients. Thus, positive ERP expres-
sion in triple-negative breast cancer patients may indicate
a poor prognosis. Therefore, ERf} may be useful as a novel
prognostic indicator for patients with triple-negative breast
cancer. However, further studies investigating ER( expression
are required to improve understanding of the progression of
triple-negative breast cancer and to aid the development of
effective targets for the treatment of this disease.
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