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Abstract: Backgrounds: Expression of eag1 channel (Eag1) is associated with cell malignant transformation, tumor 
cell metastasis and poor prognosis of the patient. This study aimed at examining whether expression of the Eag1 
associated with aggressive clinicopathological feature and the molecular subtype of breast cancer. Materials and 
Methods: 109 patients who received breast cancer operation during January 2009 to December 2010 in Chinese-
Japanese Friendship Hospital of Jilin University were recruited. We investigated the association of the Eag1 with 
clinicopathological features and molecular subtype of in triple negative breast cancer (TNBC) by univariate or mul-
tivariate analysis in a cross-section study. Results: The positive rate of Eag1 was 18.5% higher in TNBC compared 
with non-triple negative breast cancer (Non-TNBC) (P = 0.012, OR = 2.83, 95% CI = 2.16-3.47). Compared with the 
Eag1 negative group, the expression of Eag1 was linked to the larger tumor size (P = 0.002), advanced TNM stage 
(P = 0.029), high proportion of positive lymph node (87.6% vs. 65%, P = 0.014) and invasive ductal carcinoma (91% 
vs. 75%, P = 0.046). Conclusions: The expression of Eag1 may be partially explained the aggressive behavior of 
TNBC in the breast cancer tissue.
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Introduction

Breast cancer is the most frequently diagnosed 
cancer and becomes the leading cause of can-
cer death in female worldwide [1]. Furthermore, 
breast cancer will increase to 85 per 10,000 
women by 2021 [2]. In China, the crude inci-
dence rate and mortality rate of female breast 
cancer during 2003-2007 were 41.64 per 
100,000, which was ranked as the top among 
female cancers, respectively [3], leading to a 
serious threat to women’s physical and mental 
health. 

For the heterogeneity and complexity of the dis-
ease, single factor assessment is difficult to 
make the most suitable strategy for breast can-
cer treatment and predict the prognosis [4]. 

Based on molecular classification, breast can-
cer was categorized into four molecular sub-
types: luminal breast cancer A, luminal breast 
cancer B, human epidermal growth factor 
receptor type 2 (HER2)-enriched breast cancer 
and triple negative breast cancer [5] (TNBC). 
However, TNBC exhibited a poor prognosis due 
to its aggressive biological behavior and insen-
sitive to targeted and endocrine therapy. At 
present, TNBC still lack of effective treatment 
due to its aggressive biological behavior and 
insensitive to targeted and endocrine therapy. 
Furthermore, the patients with TNBC exhibited 
a poor prognosis and high mortality, compared 
with its non-triple-negative breast cancer (non-
TNBC), particularly during the first 3-5 years of 
follow up [6]. In order to explore the reason of 
malignance for TNBC patients, it is critical to 
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Table 1. Clinicopathological features and 
expression of biomarkers in breast cancer 
patients
Clinicopathological features N % (range)
Mean age (M ± S) 51.2 ± 10.4 (26-85)
Tumor size (cm) 3.4 ± 1.9 (2.3-5.9)
    < 2 14 12.8
    2-5 80 73.4
    > 5 15 13.8
Pathologic types
    Invasive ductal 96 88.1
    Others 13 11.9
TNM stage
    I 14 12.8
    II 51 46.8
    III 44 40.4
Histologic grade
    I 20 18.3
    II 45 41.3
    III 44 40.4
Lymph node metastasis
    Positive 91 83.5
    Negative 18 16.5
ER
    Positive 73 66.9
    Negative 36 33.1
PR
    Positive 65 59.6
    Negative 44 40.4
HER-2
    Positive 32 29.4
    Negative 77 70.6
Eag1 
    Positive 89 81.7
    Negative 20 18.3

further analyze the new breast cancer target 
associated with clinicopathological features in 
breast cancer patients.

Eag1 channel (ether a-go-go potassium chan-
nel member 1, also known as Kv10.1), in physi-
ological conditions, is restricted expression in 
the central nervous system, placenta, testes 
and prostate. However, overexpression of Eag1 
has been found in many cancer, including cervi-
cal, breast, melanoma, colon, lung, and ovarian 
cancers [7-11]. Notably, Eag1 has been demon-
strated to participate the processes of transfor-
mation, migration and metastasis of the tumor 

cell [12, 13]. It was reported that the proportion 
of Eag1 positive expression in breast cancer 
patients was over 82% [14], so it is worthwhile 
to examine the association of Eag1 with the 
clinical progression of the tumor.

In this study, we analyze the association of 
Eag1 expression with clinicopathological fea-
tures in breast cancer, and further evaluate the 
difference of eag1 channel expression between 
TNBC and non-TNBC, aim at investigated the 
role of eag1 channel in the breast cancer 
progression.

Materials and methods

Patients and diagnostic criteria

In this study, 109 patients who received breast 
cancer operation during January 2009 to 
December 2010 in Chinese-Japanese Frie- 
ndship Hospital of Jilin University were recruit-
ed. All patients were Chinese Han population. 
The TNM stage was determined based on the 
American Joint Committee on Cancer (AJCC) 
criteria and the histological grade was assessed 
according to the modified Bloom-Richardson 
classification. The pathological types were 
assessed in accordance with the criterion of 
the world health organization (WHO) breast 
cancer pathology. Lymph node metastasis was 
defined as any metastasis in local region of 
ipsilateral axillary, supraclavicular, or internal 
mammary lymph nodes, or distant region of 
other contralateral axillary lymph nodes as well 
as supraclavicular lymph nodes.

Immunohistochemical staining and judgments 
of results

The samples of carcinoma tissue were collect-
ed from breast cancer patients undergoing sur-
gery. Immunohistochemical staining was per-
formed using the streptavidin biotin method 
(SP method) [15]. Optimal staining conditions 
and antibody dilutions were determined using 
formalin-fixed and paraffin-embedded tissue 
samples from human cerebral cortex for Eag1. 
The antibodies against Eag1 showed a good 
specificity. Antigen retrieval was performed in a 
microwave oven in 10 mM citrate buffer (pH 
6.0) at 700 W for 15 min. Tissue sections were 
pre-incubated with normal goat serum 
(Zhongshanjinqiao, Beijing, China) at a 1:100 
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Figure 1. Representative Immunostaining of Eag1 in breast cancer carcinoma tissue. A. Positive staining for Eag1 
in breast carcinoma tissues. B. Negative staining in breast carcinoma tissues (× 400).

dilution in 3% bovine serum albumin/PBS. 
Slides were incubated overnight in a humidified 
chamber at 4°C with anti-Eag1 rabbit antise-
rum (Abcam, ab86204) at a 1:1200 dilution, 
followed by incubation with the EnVision 
Peroxidase System and DAB (Zhongshanjinqiao, 
Beijing, China). 

Tumors with 1% or more positively nuclear-
stained cells were considered positive for 
estrogen receptor (ER) and progesterone recep-
tor (PR) expression; human epidermal growth 
factor receptor-2 (HER2) staining was scored by 
counting the number of cells positively stained 
on the membrane and expressed as a percent-
age of total tumor cells, according to the report 
of Hemmerlein et al [14]. Eag1 stains were con-
sidered positive if any (weak or strong) mem-
branous invasive carcinoma cell staining was 
observed. The diagnosis was made by two 
pathologists who specialized in breast patholo-
gy through assessed each archival hematoxylin 
and eosin (H&E) stained slides.

Statistical analysis

The different distribution of the continuous 
variable of age between eag1 channel positive 
and negative groups as well as between TNBC 
and non-TNBC were examined by the indepen-
dent t-test or one-way ANOVA. The differences 
of clinicopathological features, including cate-
gory variables of age, histological type, and sta-
tus of lymph node metastasis were assessed 
by chi-square test when compared the eag1 
positive group with negative group. The differ-
ences clinicopathological features of histologi-

cal grade, ranked tumor size and TNM stage 
between eag1 channel positive and negative 
groups were evaluated by the Wilcoxon rank 
sum test. Chi-square test was also used to 
compare the difference of eag1 channel posi-
tive rate between TNBC and non-TNBC. The 
associations of eag1 channel with clinicopatho-
logical features of breast cancer was assessed 
by the unconditional logistic regression. All sta-
tistical tests were two-sided, and P < 0.05 was 
considered significant. The statistical software 
SPSS version 19.0 (IBM Corp., Armonk, USA) 
was used for all statistical analyses.

Results

Clinicopathological features of the patients

A total of 109 female breast cancer cases were 
included in this study, with a mean age of 51.2 
± 10.4 years old, ranged from 26 to 85 years. 
The average tumor size was 3.4 ± 1.9 cm, 
ranged 2.3-5.9 cm. 85.3% (n = 93) were tumors 
with the size of more than 5 cm. Most of the 
tumors were invasive ductal carcinoma (88.1%). 
According to the TNM classification developed 
by American Joint Committee on Cancer (AJCC), 
nearly half of cases were diagnosed as stage II 
breast cancer (n = 51; 46.8%), about 41% was 
in stage III (n = 44; 40.4%), and the rest was in 
stage I (n = 14, 12.8%). For the histological 
classification of the breast cancer, 45 (41.3%) 
were in grade II, 44 (40.4%) in grade III and 20 
(18.3%) in grade I. The pathology assessment 
indicated that 91 cases (83.5%) had involved in 
lymph node metastasis. As shown in Table 1, 
the positive rate for the expression of ER, PR, 
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Table 3. Eag1 expression associated with Clinicopathological features 
Clinicopathologi-
cal features

Eag1 channel
P1 P2 OR (95% CI)

Positive Negative
Age (M ± S) 52.2 ± 10.1 50.6 ± 9.8 0.362#

    ≤ 40 22 (24.7) 8 (40.0) 0.167 0.214 1.23 (0.86-2.01)
    > 40 67 (75.3) 12 (60.0)
Tumor size 0.002 0.024 2.03 (1.82-2.63)
    < 2 cm 7 (7.8) 7 (35.0)
    2-5 cm 71 (79.8) 9 (45.0)
    > 5 cm 11 (12.4) 4 (20.0)
Pathologic type 0.046 0.035 1.62 (1.12-2.36)
    Invasive ductal 81 (91.0) 15 (75.0)
    Others 8 (9.0) 5 (25.0)
TNM stage 0.029 0.041 2.31 (1.68-3.36)
    I 8 (9.0) 6 (30.0)
    II 42 (47.2) 9 (45.0)
    III/IV 39 (43.8) 5 (25.0)
Histologic grade 0.076 0.093 1.32 (0.83-1.98)
    I 13 (14.6) 7 (35.0)
    II 37 (41.6) 8 (40.0)
    III 39 (43.8) 5 (25.0)
Lymph node metastasis 0.014 0.031 3.46 (2.03-4.31)
    Positive 78 (87.6) 13 (65.0)
    Negative 11 (22.4) 7 (35.0)
#: P value from Student’s t test. P1: P-value from Chi-square test or Wilcoxon rank sum 
test. P2: P-value from unconditional logistic regression analysis. CI: confidence interval.

the expression of Eag1 in 
TNBC was still significant-
ly higher than that in non-
TNBC (P = 0.012, OR = 
2.83, 95% CI = 2.14-
3.47), indicated that there 
was a correlation between 
Eag1 and TNBC (Table 2). 

Expression of eag1 asso-
ciated with clinicopatho-
logical features of breast 
cancer

The result demonstrated 
that the cases of eag1 
channel positive expres-
sion showed a significant 
difference in Tumor size (P 
= 0.002) and TNM stage 
(P = 0.029) compared 
with the cases of eag1 
channel negative expres-
sion. The proportion of 
2-5 cm of tumor size in 
the cases of eag1 chan-
nel positive expression 
was the highest (79.8%), 
which was higher 34.8% 
than in the cases of eag1 
channel negative expres-
sion. The proportion of 
TNM stage II and III in the 
cases of eag1 channel 
positive expression was 
higher 13.8%, 7.2% res- 
pectively than in the 
cases of eag1 channel 
negative expression. The 
most cases of eag1 chan-

Table 2. Expression of Eag1 between TNBC and non-TNBC
Eag1 TNBC Non-TNBC P1 P2 OR (95% CI)
Positive (N, %) 31 (93.8) 58 (75.3) 0.008 0.012 2.83 (2.16-3.47)
Negative (N, %) 1 (6.2) 19 (24.7)
Total (N, %)  32 (100%) 77 (100%)
P1: P-value from Chi-square test. P2: P-value from unconditional logistic regression analy-
sis adjusting for age. CI: confidence interval.

HER-2 and eag1 (Figure 1) channel were 66.9%, 
59.6%, 29.4% and 81.7%, respectively.

Eag1 was highly expressed in TNBC 

All cases of breast cancer was classified into 
two subgroup: TNBC and non-TNBC, based on 
IHC stain of ER, PR and HER-2. The results 
revealed that the proportion of TNBC and non-
TNBC accounted 29.4% and 70.6%, respective-
ly. The results indicated that the positive 
expression of Eag1 in TNBC was 18.5% higher 
than that in non-TNBC (P = 0.008). After adjust-
ing for age in the unconditional logistic regres-
sion analysis, the results demonstrated that 

nel positive was invasive ductal carcinoma, 
which showed a significant difference com-
pared with the cases of eag1 channel negative 
expression (91% vs. 75%, P = 0.046). Compared 
with the eag1 negative expression group (65% 
of lymph node metastasis), the eag1 positive 
group (87.6% of lymph node metastasis) 
showed a much higher proportion of lymph 
node metastasis (P = 0.014). Although the his-
tological grade II and III in eag1 channel posi-
tive group were higher than that in eag1 nega-
tive group, no difference reached statistical 
significance. The results of multivariate analy-
sis demonstrated that, compared with eag1 
channel negative group, the eag1 channel posi-
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tive group was significantly difference in tumor 
size (P = 0.024, OR = 2.03, 95% CI = 1.82-
2.63), pathologic types (P = 0.035, OR = 1.62, 
95% CI = 1.12-2.36), TNM stage (P = 0.041, OR 
= 2.31, 95% CI = 1.68-3.36) and lymph node 
metastasis (P = 0.031, OR = 3.46, 95% CI = 
2.03-4.31) (Table 3).

Discussion

To our knowledge, this study is the first to dem-
onstrate that the positive rate of eag1 in TNBC 
was significantly higher than that in the non-
TNBC, furthermore, Eag1 expression was asso-
ciated with aggressive clinicopathological fea-
tures, such as larger tumor size, advanced TNM 
stage, high proportion of positive lymph node 
and invasive ductal carcinoma.

Breast cancer molecular subtypes based on 
immunohistochemical markers have been con-
firmed to provide the usefulness of therapeutic 
and prognostic [16-19]. However, TNBC is a 
special subtype of breast cancer, which exhib-
ited a poor prognosis due to its aggressive bio-
logical behavior and lack of effective treatment 
method, as this type of cancer is insensitive to 
targeted and endocrine therapy [20]. In order to 
explore the reason for the poor outcomes of 
TNBC, ongoing studies on TNBC are currently 
conducted clinically and experimentally. Me- 
anwhile, many reports showed that Eag1 was 
overexpressed in distinct malignancies, includ-
ing cervical, breast, lung, liver, prostate, colon, 
ovarian and gastric cancers [14, 21-23]. 
Hemmerlein et al. have reported that Eag1 was 
overexpressed in breast cancer. What’s more, 
Eag1 has been demonstrated to participate the 
processes of transformation, migration and 
metastasis of the tumor cell [12, 13]. In this 
study, Eag1 was expressed in 81.7% of breast 
cancer, which was consistent with Hemmerlein 
study [14]. 

Eag1 expression was associated with some 
clinical parameters in different categories of 
cancer, such as tumor size in head and neck 
cancer and lymph node metastasis in colorec-
tal cancer [24, 25]. Furthermore, Eag1 overex-
pression has been confirmed to correlate with 
the poorer prognosis, shorter overall survival in 
acute myelocytic leukemia (AML), ovarian, 
colorectal and oesophageal cancer [11, 26, 
27]. However, no evidence was reported that 
eag1 expression associated with clinicopatho-

gical features in breast cancer. Our study dem-
onstrated that eag1 positive expression was 
associated with larger tumor size, advanced 
histological grade, more positive lymph node 
and invasive ductal carcinoma compared with 
Non-Eag1 expression, which indicated that 
eag1 overexpression was correlated with more 
aggressive clinicopathological features, which 
also indicated that high expression rate of Eag1 
in TNBC may at least partially account for its 
more aggressive biological behavior.

Despite the relative small sample size and lack 
of the follow-up data of the patient, this study 
still provided the evidence that Eag1 may play 
an important role in the pathological process of 
breast cancer, indicated its potential role in the 
therapy for breast cancer, especially for TNBC.
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