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Background: Clinical management of breast cancer is guided by assessment of tumor parameters,
including histological features and biomarkers. Estrogen receptors alpha (ERa) and beta (ERP) are involved
in the carcinogenesis and progression of breast cancer. Among the ERs, ERa66, the main type of ERa, is one
of the most powerful indictors for molecular classification, treatment and prognosis of breast cancer, while
the clinical significance of ERp in breast cancer is elusive. Moreover, ERa36, a variant of ER066, has recently
been identified as an important molecule involved in breast cancer progression, but the clinical relevance
of its expression in breast cancer needs to be further clarified. Therefore, this study is aimed to evaluate the
prognostic value of ERB and ERa36 in human breast cancer.

Methods: We examined ERB and ERa36 expression in breast cancer specimens from 124 patients with
complete followed-up by immunohistochemistry. To assess the prognostic values, we generated disease-free
survival (DFS) curves by Kaplan-Meier method and performed multivariate analysis by Cox proportional
hazard regression model.

Results: An inverse correlation between ERB and ERa36 expression was observed (r=-0.196, P=0.029).
The expression of ERB was inversely associated with lymph node metastasis (P=0.007), whereas ERa36
expression was positively correlated with TNM stage (P=0.006) and tumor size (P=0.026). Patients with
ERB-positive exhibited better DES rate than those with ERB-negative (P=0.019). Conversely, patients with
ERoa36-positive exhibited poorer DFS rate than those with ERa36-negative (P=0.047). ERB-negative/
ERa36-positive patients had the poorest DFS rate (P=0.014). Cox regression analysis showed that ERp was
a protective prognostic factor (HR=0.336, P=0.026), and ER036 was a poor prognostic indicator (HR=2.737,
P=0.029).

Conclusions: Our results suggest that both ERB and ERa36 can act as the prognostic indictors and the

combination of the two indictors has a better prognostic value for breast cancer.
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Introduction

Breast cancer is the most commonly diagnosed cancer in
women worldwide (1). Over the last decades, many classic
signaling molecules, such as estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth
factor receptor-2 (HER?2), have been identified and applied
for breast cancer diagnosis and prognosis. However, the
prognostic value of these traditional molecules for breast
cancer still has certain limitations. Identification of novel
markers is very important for improving prognostic
judgment and clinical management.

ERa and ERP are two members of the steroid nuclear
receptor superfamily of ligand-activated transcription factors.
Although they mediate estrogen signaling by binding to
the estrogen-response element of target genes with 96%
identity in DNA-binding domains, ERs exhibit different
biological effects due to the considerable difference in
ligand-binding domains (2). ERa is commonly considered
as a tumor promoter and is involved in the carcinogenesis
and progression of breast cancer. ER066, the main type of
ERa, serves as one of the most important markers for clinical
molecular classification of human breast cancer. ERa36 is a
novel variant of ERa that has a molecular weight of 36 kD
and differs from the original 66 kD ERo (ERa66), lacking
both transcriptional activation domains (AF-1 and AF-2) but
retaining the DNA-binding domain and partial dimerization
and ligand-binding domains (3). ER036 is mainly expressed in
the cytoplasm and the plasma membrane. Shi e 4/. reported
that patients with both high expression of ERa66 and ERa36
are less likely to be benefited from treatment of tamoxifen (4),
a selective estrogen receptor modulator (SERM) with mixed
agonist/antagonist activities that has been used widely to
treat ERa66-positive breast cancer (5). A recent study has
also revealed that ERa36 could mediate membrane-initiated
signaling to enhance the agonist activity of tamoxifen (6). Our
recent work demonstrated that tamoxifen could directly bind
and activate ER036 to enhance the stemness and metastasis of
breast cancer cells via transcriptional stimulation of aldehyde
dehydrogenase 1A1 (ALDHI1A1) (7). These findings suggest
that ER-036 may have predictive and prognostic value in
breast cancer. ERB, the second ER, has been discovered and
studied for over 20 years, but its biological function as well as
its role as a prognostic or predictive factor in human breast
cancer remains confliction. There are three ERP isoforms
in breast cancers, referred to ERB1, ERP2 (also known as
ERBcx), and ERBS (8). ERPI is the wild type and the only
fully functional isoform of ERp (9,10). Our previous work
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revealed that ERPI could inhibit breast cancer cell growth
through upregulation of p21 gene expression by binding
with ID1 (11). Therefore, the clinical relevance of ERpB and
ER036 expression in human breast cancer is required to be
further investigated.

In this study, we examined the expression of ERB and
ERa36 in the breast cancer samples from 124 patients by
using immunohistochemistry and analyzed their clinical
relevance.

Methods
Patients and tissue specimens

The breast cancer tissue specimens were obtained from 124
patients who were diagnosed with primary breast cancer and
underwent surgery between 2008 and 2009 at Southwest
Hospital, Third Military Medical University in China. The
cohort included all the patients who were invasive breast
cancer cases and did not receive preoperative radiotherapy
or chemotherapy. Multiple clinical and pathological
characteristics were obtained from the medical records and
the original pathology reports, including age, histological
tumor type and grade, tumor size, lymph node status and
immunohistochemical (IHC) expressions of ER, PR and
HER?2. Follow-up information was updated every 6 months
by telephone interview until April 2015. This study was
performed with the consent of patients and approved by the
Ethics Committee of the Southwest Hospital (ChiCTR-
DCC-11001733).

IHC staining

Formalin-fixed paraffin embedded breast cancer tissue
specimens were sliced into 4 pm sections and mounted on
silanized slides. After placed at 56 °C overnight, the slides
were dewaxed in xylene for 20 min and rehydrated in
graded alcohols. For antigen retrieval, slides were placed
in EDTA antigen retrieval solution and boiled for 20 min.
After naturally cooling to room temperature and washing
with PBS, endogenous peroxidase was blocked by using a
3% solution of hydrogen peroxide for 30 min 37 °C in the
dark. Then slides were washed with PBS and incubated
with primary antibodies of monoclonal mouse anti-
human ERB1 antibody (ab187291, Abcam, dilution 1:200)
and monoclonal mouse anti-human ERa36 antibody (7)
(Shinogen, China, dilution 1:200) at 4 °C overnight,
respectively. Then slides were incubated with secondary
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antibody (DAKO, Denmark, K5007) at 37 °C for 30 min in
the dark. After antibody incubation, slides were developed
with DAB chromogenic reagent and counterstained with
haematoxylin. The negative controls were performed by
PBS replacement of primary antibodies.

Evaluation of Immunostaining

ERP and ERa36 immunostaining signals were evaluated
independently by two pathologists in a blinded manner.
Brown nuclear staining for ERB and brown cytoplasmic and
membranous staining for ERa36 were considered positive.
The staining intensity of positive tumor cells was scored as 0
(no), 1 (weak), 2 (moderate) and 3 (strong). The percentage
of positively stained tumor cells was scored with 5 scales:
0 (none); 1 (<10%); 2 (11-25%); 3 (26-50%); 4 (51-75%);
and 5 (>75%). The final scores were the sum of the
intensity and the percentage score. With X-tile analysis (12),
the cut-off value was determined as score 3 both for
ERPB and ERa36. Thus, the scores that <3 were defined
as “negative” expression, otherwise they were defined as
“positive” expression.

Statistical analysis

The correlation between ERB and ERa36 was analyzed by
using Spearman’s rank test. The relationship between ERB/
ERa36 expression and clinicopathologic parameters was
analyzed by using a two-tailed Chi-square test. Survival
curves were generated by using Kaplan-Meier method
with log-rank test. Univariate or multivariate analysis of
prognostic factors was tested by using Cox proportional
hazard regression model. All statistical analyses were
performed by using SPSS software system (version 18.0;
SPSS). P<0.05 was considered to be statistically significant.

Results

The expression pattern of ERP and ER036 in human
breast cancer

We measured the expression of ERP and ERa36 in 124
human breast cancer tissues by IHC staining. Sixty-five cases
(657124, 52.4%, Table 1) showed positive expression of ERp
(ERP+), with positive staining signals mainly in the nucleus
(Figure S14,B,C,D). Forty-nine cases (49/124, 39.5%,
Table 1) were ERa36 positive (ERa36+), with predominately
localization in the cytoplasm and cytomembrane
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(Figure S1E,F,G,H). There were 16 cases (16/124, 12.9%)
showed positive and 26 cases (26/124, 21.0%) showed
negative both for ERB and ERa36. Spearman correlation
analysis showed that ERP expression was inversely
correlated with ERa36 expression (r=-0.196, P=0.029,
Figure I). These results indicate that ERB and ER036 may
have opposite clinical significance in human breast cancer.

Association of ERB/ER036 expression with
clinicopathological characteristics

To clarify the clinical significance of ERP and ERa36 in
human breast cancer, we compared ERB/ERa36 expression
with clinicopathological characteristics, including age,
TNM stage, tumor size, lymph node metastasis, ERa66/
PR/HER?2 expression (Table 1). ERP expression was
inversely associated with lymph node metastasis (P=0.007).
Whereas the expression of ERa36 was positively correlated
to TNM stage (P=0.006), tumor size (P=0.026) and ER066
expression (P=0.019). These results suggest that ERp trends
to be a protective factor, while ERa36 may act as a marker
for aggressive human breast cancer.

Prognostic value of ERB/ER0.36 expression for patients
with breast cancer

Kaplan-Meier analysis showed that the median disease-free
survival (DFS) time of whole cohort were 68.0 (95% CI,
64.5-71.5) months. The patients with ERB+ had significantly
better DFS rate than those with ERB-negative (ERpB-)
(P=0.019, Figure 2A4). Accordingly, the median DFS time
[78.9 (95% CI, 75.6-82.1) months] in ERB+ group was
significantly longer than that in ERB- group [64.6 (95% CI,
57.9-71.4) months]. Cox regression analysis was performed
to determine the independence of several prognostic factors,
including age, tumor size, lymph node metastasis, ERa66/
PR/HER2 expression and ERB/ERa36 expression. The result
revealed that ERP was an independent protective prognostic
factor (HR=0.336, P=0.026, Tible 2).

Opposite to the prognostic value of ER, patients with
ERoa36+ had poorer clinical outcome than those with
ERa36- (P=0.043, Figure 2B). The 5-year DFS rates of
patients with ERa36+ and ERa36- were 75.5% and 88.9%,
respectively. Cox regression analysis revealed that ERa36
was an independent prognostic factor to predict poorer
outcome of patients (HR=2.737, P=0.029, Table 2). Taken
together, these results suggest that ERP and ERa36 have
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Table 1 Correlation between clinicopathological factors and ERB/ERa36 expression in patients with breast cancers

ERB ERa36
Factors Cases (N=124)
- + P value - + P value
Age 0.517 0.445
<50 71 32 39 45 26
>50 53 27 26 30 23
TNM stage 0.246 0.006
I 58 23 35 43 15
Il 61 33 28 31 30
11l 5 3 2 1 4
Tumor size (cm) 0.194 0.026
<2 60 24 36 43 17
>2, <5 55 29 26 29 26
>5 9 6 3 3 6
Lymph node metastasis 0.007 0.209
0 74 27 47 44 30
1-3 29 17 12 15 14
>4 21 15 6 16 5
ERa66 0.255 0.019
Negative 36 20 16 16 20
Positive 88 39 49 59 29
PR 0.610 0.504
Negative 29 15 14 16 13
Positive 95 44 51 59 36
HER2 0.230 0.324
Negative 70 30 40 45 25
Positive 54 29 25 30 24

TNM, tumor-note-metastasis; ER, estrogen receptors; PR, progesterone receptors; HER2, human epidermal growth factor receptor 2.

contrarily prognostic role in human breast cancer.

Predictive model of combinative expression of ERP and
ER036 in human breast cancer

To evaluate the predictive capability of combination of ERp
and ERa36 expression on the outcome of breast cancer
patients, we divided patients into four groups: ERB-/ERa36-
group (N=26), ERB+/ER036- group (N=49), ERB+/ERa36+
group (N=16) and ERB-/ERa36+group (N=33). Kaplan-
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Meier analysis showed that ERB-/ERa36+ group had the
poorest DFS rate than other groups (P=0.014, Figure 2C).
The DFS rate of ERB+/ERa36+ group was similar to that of
ERB+/ERa36-group, whereas the DFS rates of the two groups
were better than that of ERB-/ERa36+ group. Moreover,
in the patients with ERa36+, ERP served as a potential
independent protective prognostic marker (HR=0.144,
P=0.064, lable 3). These results indicate that combination of
ERP and ERa36 expression may provide a better predictive
model in human breast cancer.
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Figure 1 Correlation between ERP and ER036 expression in breast cancer samples. The typical staining images for opposite expression of

ERP and ER036 were shown. Original magnification, x400, bar =50 pm.
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Figure 2 Kaplan-Meier DFS analysis of breast cancer patients. (A) Survival rate of patients according to the status of ERB; (B) survival rate

of patients according to the status of ERa36; (C) survival rate of patients according to the combined status of ERp and ERa36. DFS, disease-

free survival; ERP, estrogen receptor B; ER036, estrogen receptor a36.

Discussion

Following the discovery of ERB, investigators have sought to
uncover its role in the progression and treatment of breast
cancer. Many conflicting results have been reported. Chang
et al. found that ERP was highly expressed in tamoxifen-
resistant breast cancer cells and appeared to indicate a poor
response to endocrine treatment (13). Guo et 4/. reported
that the tumor-free survival rate in patients with positive
ERB expression was significantly lower than that in patients
with negative ERP expression (14). Conversely, a lot of
studies indicated that ERB may act as a tumor suppressor
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and the presence of ERB was associated with a favorable
outcome (15-18). Thomas et 4/. found that ERP inhibited
both EMT and invasive capability of basal-like breast
cancer cells either iz vitro or in vivo (19,20). More recently,
ERP may target genes involved in the Wnt/B-catenin and
the G1/S cell cycle phase checkpoint pathways to stimulate
its growth-inhibitory effects in triple negative breast cancer
cells (21). Cotrim et al. reported that ERP inhibited breast
cancer cell proliferation through inactivating of MAPK
and PI3K signaling (22). Honma et 4/. indicated that ERB
was associated with a favorable survival for the patients
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Univariate Multivariate
Factors
HR 95% ClI P value HR 95% ClI P value

Age 1.480 0.616-3.559 0.381 - - -
Tumor size 1.057 0.529-2.112 0.876 - - -
Lymph node metastasis 1.874 1.135-3.093 0.014 2.010 1.200-3.369 0.008
ERa66 0.747 0.298-1.873 0.534 - - -
PR 2.697 0.626-11.623 0.183 - - -
HER2 2.054 0.839-5.028 0.115 - - -
ERB 0.336 0.129-0.875 0.026 - - -
ERa36 2.441 0.997-5.973 0.050 2.737 1.111-6.744 0.029

HR, hazard ratio; Cl, confidence interval; DFS, disease-free survival; BRC, breast cancer; ER, estrogen receptors; PR, progesterone

receptors; HER2, human epidermal growth factor receptor 2.

Table 3 Cox regression model for DFS in ERa36+ BRC patients

Univariate Multivariate
Factors
HR 95% ClI P value HR 95% ClI P value

Age 3.371 1.013-11.218 0.048 3.779 1.132-12.619 0.031
Tumor size 0.557 0.216-1.439 0.227 - - -
Lymph node metastasis 1.147 0.541-2.429 0.721 - - -
ERa66 0.445 0.141-1.403 0.167 - - -
PR 1.868 0.409-8.529 0.420 - - -
HER2 2.189 0.659-7.273 0.201 - - -
ERB 0.163 0.021-1.263 0.082 0.144 0.019-1.120 0.064

HR, hazard ratio; Cl, confidence interval; DFS, disease-free survival; BRC, breast cancer; ER, estrogen receptors; PR, progesterone

receptors; HER2, human epidermal growth factor receptor 2.

after adjuvant tamoxifen monotherapy (23). Our results are
consistent with that ERP is a favorable prognostic factor.
The level of ERB is inversely correlated with lymph node
metastasis. Moreover, the 5-year DFS rate is much higher
in the patients with ERB+ than those with ERB-.
Approximately 70% of primary breast cancers express
ERa66 (24), providing the rationale for the successful use
of targeted endocrine therapies in breast cancer. However,
not all patients with positive-ERa66 expression respond
to endocrine treatment because of primary or secondary
resistance. Recent studies have indicated that ERa36 is
a very important factor in tamoxifen resistance. Shi ez a/.
reported that patients with both high expressions of ERa66
and ERa36 are less likely to be benefited from tamoxifen
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treatment than those with high expression of ERa66 only (4).
Structurally, ERa36 lacks the AF-1 and AF-2 domains,
leading to the loss of intrinsic transcription activation.
Identification of subcellular localization also revealed that
ERa36 was mainly in the plasma membrane (~50%) and
cytosol (~40%) (25). The special structure and distribution
suggest that ERa36 may mainly act as membrane receptor
to mediate rapid estrogen signaling (membrane-initiated
signaling pathway). It has been demonstrated that ERa36
activated the MAPK/ERK and PI3K/AKT signaling
pathways and promoted the tumor progression of breast
cancer (6,26). Our results also revealed that ERa36 was
a tumor promoter, which was associated with poorer
clinicopathological characteristics, including the advanced
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TNM stages and the larger tumor size. Patients with
ERa36+ also processed lower 5-year DFES rate than those
with ERa36-.

Opposite to the function of ERa36, ERP was found to
be a suppressor of MAPK/ERK and PI3K/AKT signaling
pathways (22). Lindberg et al. reported that ERB could
decrease pAKT level by up-regulating the expression of
PTEN, thereby causing the impairment of proliferation
ability and the enhancement of tamoxifen sensitivity for
breast cancer cells (27). Wang et al. found that patients with
ERB (+)/pAKT(-) possessed longest survival time (28). Our
work revealed that the patients of ERa36+/ERB- had the
poorer DFS rate than those of ERa36+/ERB+. Moreover,
ERP could serve as an independent and favorable prognostic
indicator in ERa36+ patients. Thus, the combinative
expression of ERB and ERa36 may provide a better
prognosis model in human breast cancer.

In this study, the cut-off value of IHC scores for both
ERP and ERa36 was determined as 3 by X-tile analysis,
which is computed by looking at the survival beforehand.
Nevertheless, even if the same IHC scoring is applied,
the cut-off value could not be directly applied in practice
because of the small sample size of this study.

Conclusions

In conclusion, we demonstrate that both ERB and ERa36
can act as prognostic indicators for human breast cancer.
ERB is a favorable indicator, while ER036 is an unfavorable
indicator. Combination of ERP and ERa36 expression
status has a better prognostic significance for breast cancer
patients. However, the results need to be validated in
further studies.
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Figure S1 Representative images of IHC staining of ERB and ERa36 in human breast cancer. (A-D) Representative images showed negative,

weak, moderate and strong staining for ERP IHC, respectively; (E-H) representative images showed negative, weak, moderate and strong

100 pm. IHC, immunohistochemical; ERp, estrogen receptor p;

staining for ERa36 IHC, respectively. Original magnification, x200; bar

ERa36, estrogen receptor 0.36.



