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Introduction 

In many countries, the incidence of breast cancer has
continued to increase in recent years, and it is commonly
ranked as the most frequent malignancy in women [1-3].
Indeed, although mortality rates have declined through
improved screening and treatment, this cancer still claims
many lives each year [2]. Breast cancer prognosis and
mortality are heavily influenced by tumor invasion and
metastasis [4, 5]. Thus, the development of novel clinical
prognostic indicators is crucial to improving survival rate
and reducing mortality of patients with breast cancer [6].
Both diagnosis and therapy can be improved by under-
standing the molecular mechanisms behind tumor initia-
tion and metastasis and by identifying factors that can
estimate metastasis potential and/or alter this ability of
tumors to invade other sites. 

One factor of great interest as a promoter of metastasis
in breast cancer is Mena. This protein is a member of the
Ena/VASP family of actin regulatory proteins and is
rarely expressed in normal breast tissue. However, Mena
expression correlates with tumor development and
increases with malignancy grade. Further, overexpression
of Mena can promote infiltration and metastasis of breast
cancer cells [7, 8]. The association of Mena with tumor
development, progression, and metastasis has made it an
important molecule for clinical investigation, with poten-
tial wide applications as a diagnostic, prognostic, and
therapeutic marker for breast cancer [9]. 

Another molecule that promotes metastasis of breast
tumors [10, 11], human epidermal growth factor receptor
2 (Her-2), also known as c-erbB2, is commonly used as
a marker in clinical research and practice. However,

although both Mena and Her-2 are known to promote
metastasis, no report has demonstrated whether they
share the same mechanism or have synergistic effects on
metastasis. Further research is needed to know whether
both molecules may be targeted at once to block tumor
cell invasion and metastasis more effectively, lengthening
patient survival and improving cure rates. 

To attempt to understand whether Mena and Her-2
share similar mechanisms and/or synergistic effects for
promoting breast cancer metastasis, we used immunohis-
tochemistry to detect Mena and Her-2 protein expression
in 40 cases of breast cancer and 14 cases of normal breast
tissue. The relationship between Mena and Her-2 expres-
sions and their relationship with clinicopathological
parameters were determined. 

Materials and Methods 

General information

Specimens were collected from 40 breast cancer patients who
had been pathologically confirmed and received surgical resec-
tion in the Affiliated Hospital of Anhui University of Science
and Technology (Huainan City, Anhui Province, China) from
June 2010 to October 2011. For each case detailed clinical and
pathological data were available; none had received any preop-
erative chemotherapy or radiotherapy. All patients were female.
Patients ranged in age from 24 to 72 years (mean age 54.1 ± 9.4
years); 21 patients were < 55 years, and 19 patients were ≥ 55
years. Pathological diagnoses revealed that 36 patients had inva-
sive ductal carcinoma, three patients had invasive lobular carci-
noma, and one case had medullary carcinoma; 32 patients had
axillary lymph node metastasis, and eight had no axillary lymph
node metastasis. TNM stages were classified according to stan-
dards established in 2002 by Union Internationale Contre Le
Cancer (UICC): 25 cases were in Stage I+II, and 15 cases were
in Stage III+IV. In addition, 14 specimens were also collected
from normal breast tissues (> 5 cm away from edge of cancer
and confirmed by pathological diagnosis) as control. 
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Relationship between expression of Mena and Her-2
protein and clinical/pathological parameters 

To determine whether the increased expression of both
Mena and Her-2 correlated with the severity of breast
tumors, we assessed expression patterns in comparison
with clinical and pathological features of the samples.
Both Mena and Her-2 protein expression in breast cancer
were correlated with axillary lymph node metastasis and
TNM stage (p < 0.05), but not with age or pathological
type. 

Discussion

Breast cancer is one of the most common malignancies
among women, often metastasizing to the lungs, bone,
brain, and other organs. With rapid advances in molecu-
lar biology and cytobiology many genes have been found
to play important roles in the occurrence, development,
and metastasis of breast tumors. At least a subset of these
genes may offer potential as molecular markers or thera-
peutic targets to aid in diagnosis and treatment of the
disease. 

To invade and metastasize, cancer cells must first evade
normal defense systems, then disseminate and infiltrate
into the surrounding tissues, blood vessels, and lymphatic
vessels. Mena, as a member of the Ena/VASP family of
actin regulatory proteins, can enhance motor activity of
cancer cells, enabling them to infiltrate lymph nodes and
distant organs. Indeed, this protein is associated with the
occurrence, development, invasion, and metastasis of
various tumors and is overexpressed in lung, colon, and
other cancers. Studies performed by DiModugno et al.

Immunohistochemistry

Tissues were fixed in neutral formalin, dehydrated, and
embedded in paraffin by conventional methods. Samples were
sectioned (4 µm) and collected onto glass slides. Slices were
then dewaxed with dimethylbenzene, rehydrated, soaked, and
heated for antigen retrieval. Hydrogen peroxide solution (3%)
was used to block endogenous peroxidase activity, then sections
were covered with non-specific serum, placed in a wet box, and
incubated at room temperature. Primary antibodies (Mena, goat
anti-mouse monoclonal; Her-2/neu, mouse anti-human mono-
clonal; Santa Cruz Biotechnology) were added to the wet box,
and the box was incubated at 4ºC overnight. Slides were washed
three times with PBS before addition of biotinylated secondary
antibodies and incubation at room temperature. Slides were again
washed three times in PBS before adding streptococcus avidin-
peroxidase (Zhongshang-Golden Bridge Biotechnology, Ltd.,
Beijing) and incubating at 37ºC for 30 minutes. Staining was
developed with DAB chromogen (Zhongshang-Golden Bridge
Biotechnology). Sections were counterstained with hematoxylin,
dehydrated with ethanol gradient, and sealed. Known positive
tissue slices were used as positive controls, and PBS was used as
a negative control instead of primary antibodies. 

Staining patterns indicating expression were yellowish-brown
granules in cancer cell cytoplasm for Mena, and for Her-2
brownish-yellow in the membranes of cancer cells. To assess
staining, ten high-power fields were selected per sample. Stain-
ing intensity was classified into four grades as follows: no stain-
ing visible was scored as 0; faint yellow was scored as 1; yellow
as 2; and brownish-yellow as 3. Staining frequency was
assessed by the proportion of positive cells per total tumor cells,
as follows: ≤ 5% positive cells was assigned a 0; 6-25% posi-
tive, 1; 26-50% positive, 2; 51-75% positive, 3; and ≥ 76% pos-
itive was assigned a 4. Total scores for each case reflect the
sums of scores of staining intensity and frequency, with total
scores of 0 indicated as (-), total scores of 1-2 as (+), total
scores of 3-5 as (++), and total scores of 6-7 as (+++). 

Statistical methods

SPSS17.0 statistical software was used for statistical analy-
sis; χ2 test was used to compare expression of Mena and Her-2
protein among groups, and Spearman rank correlation was used
to analyze correlations between Mena and Her-2 protein expres-
sion. Analyses were performed with two-sided tests; p < 0.05
was considered statistically significant.

Results

Expression of Mena and Her-2 protein in breast cancer
and normal breast tissue

Breast tumor samples more commonly exhibited both
Mena and Her-2 expression than did normal breast
tissues. Specifically, for 40 breast cancer tumors, 70%
(Table 1) and 40% (Table 2) expressed Mena and Her-2,
respectively. In contrast, as few as 7.1% of normal breast
samples expressed Mena, while 0% exhibited staining for
Her-2. The positive rates of Mena and Her-2 expression
in breast cancer were significantly higher compared to
normal breast tissue (p < 0.05). Further, Mena and Her-
2 expression in breast cancer were positively correlated
with one another (r = 0.530, p < 0.05; Table 3). 
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Table 1. — Expression of Mena in breast cancer and normal
breast tissue [n (%)] detected by.

Sample n – + ++ +++

Breast cancer 40 12 (30.0) 13 (32.5) 7 (17.5) 8 (20.0)
Normal breast tissue 14 13 (92.9) 1 (7.1) 0 0
Total 54 25 (46.3) 12 (25.9) 7 (13.0) 8 (14.8)

χ2 = 16.672, p = 0.001.

Table 2. — Expression of Her-2 in breast cancer and normal
breast tissue [n (%)] detected by.

Sample n – + ++ +++

Breast cancer 40 24 (60.0) 7 (17.5) 5 (12.5) 4 (10.0)
Normal breast tissue 14 14 (10.0) 0 0 0
Total 54 38 (70.4) 7 (13.0) 5 (9.3) 4 (7.4)

χ2 = 7.958, p = 0.047.

Table 3. — Correlation between Mena and Her-2 expression in
breast cancer tissue.

Mena n Her-2 [n(%)]
– + ++ +++

– 12 11 (91.7) 0 1 (8.3) 0
+ 13 9 (69.2) 2 (15.4) 1 (7.7) 1 (7.7)
++ 7 2 (28.6) 3 (42.9) 1 (14.3) 1 (14.3)
+++ 8 2 (25.0) 2 (25.0) 2 (25.0) 2 (25.0)
Total 40 24 (60.0) 7 (17.5) 5 (12.5) 4 (10.0)

r = 0.530, p = 0.001
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[9] showed that Mena is rarely expressed in normal breast
tissues, but its expression gradually increases with tumor
development. Additionally, studies by Philippar et al.
[12] found that Mena can promote in vivo and in vitro
movement and infiltration of breast cancer cells, enhance
effects of epidermal growth factor (EGF) on their inva-
sion and metastasis, and improve their motility. Our find-
ings indicate that Mena is expressed at a higher intensity
and in more cells in breast cancer tissue than in normal
breast tissue. Additionally, Mena expression correlates
with disease severity: increased expression is associated
with axillary lymph node metastasis and TNM stages.
These findings suggest that changes in Mena expression
reflect the invasion and metastasis potential of tumor
cells. Thus, Mena may be a useful indicator for evaluat-
ing biological behaviors of tumors, and may provide new
avenues for tumor diagnosis and treatment. 

The association of Her-2, a member of the epidermal
growth factor receptor family, with breast cancer has
been studied intensively. Typically expressed during
human embryonic development, Her-2 participates in
growth and development of tissues and organs; however,

its expression is low in normal tissues during adulthood.
In malignant transformation, the Her-2 gene becomes
activated and abnormally upregulated in many epithelial-
origin tumors, such as gastric cancer, breast cancer,
ovarian cancer, and colon cancer. Breast cancer patients
with Her-2 overexpression usually have a low survival
rate, rapid disease progression, recurrence, metastasis,
and poor therapeutic efficacy. Many studies have con-
firmed that Her-2 can enhance the invasion and metasta-
tic potential of breast cancer cells [13-15], resulting in
earlier lymph node metastasis and more advanced patho-
logical stages. Thus, as an independent breast cancer
prognostic factor, Her-2 can provide reliable indicators
for clinical estimation of disease condition and prognosis
evaluation and is commonly used in the clinic. 

Here, we confirmed that Her-2 is more commonly
expressed in breast cancer tissues compared to normal
breast tissue; further, its expression correlates with axil-
lary lymph node metastasis and TNM stage, consistent
with results reported by Kroger et al. [16]. This under-
scores the role that Her-2 plays in breast cancer occur-
rence, progression, and metastasis. However, we
extended these findings by examining the correlation of
Her-2 expression with that of Mena. Mena expression
and Her-2 expression were positively correlated with
each other, suggesting that Mena and Her-2 may collec-
tively participate in proliferation of breast cancer cells
and have synergistic effects on invasion and metastasis of
tumor cells.

In summary, expression of both Mena and Her-2
protein in breast cancer were significantly increased and
positively correlated. Further, expression was associated
with increased disease severity. Thus, both Mena and
Her-2 may be used as reference indicators for evaluating
biological behavior and prognosis of breast cancer, and
Mena may offer a new therapeutic target.
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