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Extracellular signal-regulated kinase (ERK1/2) is implicated in the malignant behavior
of breast cancer cells. However, previous clinical-pathological studies have shown that
expression of activated/phosphorylated ERK1/2 is not associated with enhanced pro-
liferation and invasion of mammary carcinomas. ERK1/2 is expressed in the cytoplasm,
and activated/phosphorylated ERK1/2 translocates to the nucleus. The aim of this study
is to evaluate nuclear phosphorylated ERK1/2 as a biomarker for breast cancer prog-
nosis. The clinical-pathological relation of cytoplasmic/nuclear phosphorylated
ERK1/2 was analyzed in 105 surgically resected breast cancer specimens by im-
munohistochemistry with tissue microarray. The results showed that non-neoplastic
breast tissue mainly showed faint phosphorylated ERK1/2 staining. No statistically
significant association was found between the level of cytoplasmic phosphorylated
ERK1/2 expression and the clinical features of the disease. High nuclear phospho-
rylated ERK1/2 expression was associated with high grade (poor differentiation,
p = 0.010), high T status (larger tumor size, p = 0.033), and an advanced stage
(p = 0.018) of the disease. Thus, nuclear phosphorylated ERK1/2 is associated with
enhanced proliferation and invasion of mammary carcinomas and may be a biomarker
for breast cancer prognosis and the determination of therapeutic strategies.
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Introduction

Breast cancer is one of the most common cancers af-
fecting women. Small and primary breast cancers are
considered potentially curable by surgical operation.

However, poorly differentiated, high T status, advanced-
stage, and metastatic breast cancers require much more
complex medical treatments [1-4]. The determination
of appropriate therapeutic strategies plays an impor-
tant role in reducing the mortality of the disease [5].
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The identification of biomarkers associated with the clin-
ical-pathological correlation of breast cancer can im-
prove prognosis and aid in therapeutic strategy de-
termination.

The extracellular signal-regulated kinase ERK1/2
plays an important role in mediating the transduction
of extracellular signals to the nuclei of cells [6]. The
ERK1/2 protein is expressed in cytoplasm, and the ac-
tivation of ERK1/2 by its upstream signaling results
in ERK1/2 phosphorylation [6]. Nuclear localization
of phospho-ERK1/2 modulates gene transcription
[7]. It has been reported that the phosphorylation and
activation of ERK1/2 was disassociated from nuclear
translocalization and transcription of downstream
targets in primary cultures of breast and ovarian ep-
ithelial cells, indicating that the nuclear localization of
phospho-ERK1/2 plays an important role in cancer de-
velopment [8].

Aberrant ERK1/2 activation is common in cancer
because of the mutational activation and overexpres-
sion of the upstream mitogen-activated protein kinase
(MAPK) signaling pathway [9, 10]. Studies have shown
that breast cancers frequently contain an increased pro-
portion of cells with activated MAPK signaling [11,
12]. Additionally, studies have reported a trend toward
higher MAPK signaling in the primary tumors of node-
positive patients than in the primary tumors of node-
negative patients [11]. It was reported recently that
the levels of ERK1/2 expression were correlated with
shorter survival in triple-negative breast cancer patients
[13]. Studies have also shown that the expression of
ERK1/2 was higher in breast cancer specimens, com-
pared with control tissues, and was higher in Stage III
patients than in Stage I and Stage II patients [14]. In
addition, the expression of ERK1/2 in breast carcino-
ma tissue was lower in patients who had received pre-
operative chemotherapy of 5'-deoxy-5-fluorouridine
(5'-DFUR), indicating that ERK1/2 plays a crucial role
in the proliferation and development of breast cancer
[14]. An in vitro study with extracellular signal-regu-
lated kinase activator kinase (MEK1) inhibitors showed
that ERK1/2 activity correlates with the proliferation
and motility of breast cancer cells [15, 16]. However,
previous studies with clinical breast cancer samples and
immunohistochemistry with antibodies against phos-
pho-ERK1/2 have shown that activation of ERK1/2 was
not associated with enhanced proliferation and inva-
sion of mammary carcinomas [17].

ERK1/2 is expressed in the cytoplasm, and the ac-
tivated/phosphorylated ERK1/2 translocates to the nu-
cleus and is implicated in the invasion of tumor cells
[6, 7, 18]. We investigated the cytoplasmic/nuclear ex-
pression pattern of phosphorylated ERK1/2 in breast
tumors to evaluate nuclear phosphorylated ERK1/2 as
a biomarker for breast cancer prognosis. Our results sug-
gest that nuclear phosphorylated ERK plays an onco-
genic role in breast cancer proliferation and progres-

sion and may be a biomarker for the prognosis of breast
cancer.

Material and methods

Patients

Breast tumor samples were obtained from 105 cas-
es of breast cancer patients diagnosed with invasive
ductal carcinoma. The tumors were graded and staged
according to the Staging Manual (7th ed.) of the Amer-
ican Joint Committee on Cancer [19]. The patients’
mean age was 51.9 years (ranging from 29.8 to 80.9
years). Twenty-eight patients had Stage II tumors and
77 patients had Stage III tumors. No Stage I or Stage
IV tumors were present in the samples. The study was
approved by the Ethics Committees of Changhua Chris-
tian Hospital (Changhua, Taiwan) and adhered to the
guidelines approved by the Institutional Review
Board.

Tissue microarrays and immunohistochemistry

For tissue microarrays, three tissue cores from can-
cerous breast tissue and one core from cancer-free tis-
sue in each paraffin block were longitudinally cut and
arranged into new paraffin blocks using a manual
method with the BiosynMatric Handmade Kit (For-
mosa Transcrip, Kaohsiung, Taiwan). The samples were
used to generate tissue microarrays. Immunohisto-
chemistry was performed on the tissue microarrays as
previously described [20]. The tissue sections were de-
paraffinized in xylene and rehydrated in graded alco-
hol. Antigen retrieval was performed by treatment with
a boiling citrate buffer (10 mmol/l, pH 6.0) for 20 min.
Endogenous peroxidase activity was blocked using 3%
hydrogen peroxide in water, and nonspecific staining
was blocked by incubation with 5% bovine serum al-
bumin in phosphate buffered saline (PBS) for 1 h at
room temperature. The samples were incubated with
a 200-fold dilution of anti-phospho-ERK1/2 antibodies
(phospho T202/204, G15-B) (Abnova, Taipei, Taiwan)
for 60 min at room temperature and were then
washed 3 times with PBS. Next, the slides were in-
cubated with a horseradish peroxidase/Fab polymer
conjugate for a further 30 min. The sites of peroxidase
activity were visualized using diaminobenzidine
(3, 3’-diaminobenzidine tetrahydrochloride) as the sub-
strate and were counterstained using Mayer’s hema-
toxylin. In the negative control, the primary antibody
was omitted and replaced with PBS.

Immunohistochemical scoring system

The results of phospho-ERK1/2 immunohisto-
chemical staining were analyzed using a semiquanti-
tative scoring system as previously described [21]. The
system combined the percentage of immunoreactive
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cells (quantity score) and an estimate of staining in-
tensity (staining intensity score). Each tissue sample was
scored according to the quantity and intensity of the
staining, with the rating being confirmed by 2 expert
pathologists. The intensity score was based on a scale
of 0 to 3 as follows 0 = no staining, 1 = weak stain-
ing, 2 = moderate staining, and 3 = strong staining.
We subdivided the cytoplasmic as well as nuclear phos-
pho-ERK1/2 immunohistological staining results into
low-phospho-ERK1/2 (phospho-ERK1/2 staining 0 and
1+) and high-phospho-ERK1/2 (phospho-ERK1/2
staining 2+ and 3+) subgroups.

Statistical analysis

The results of the clinicopathologic variables were
tested using Fisher’s exact test to ascertain whether dif-
ferences between the groups were statistically signif-
icant. The prognostic ability of each variable was eval-
uated, including tumor grade, clinical stage, T status,
and lymph node metastasis. All analyses were performed
using the Statistical Package for Social Sciences (SPSS)
version 15.0 (SPSS, Inc, Chicago, IL, USA). A p value
less than 0.05 (for a two-tailed test) was considered sta-
tistically significant.

PHOSPHORYLATED ERK1/2 EXPRESSION IN BREAST CANCER

Fig. 1. Representative immunohistochemical images of phospho-ERK1/2 staining in non-tumorous breast tissues and
the cytoplasm of breast tumor (A, B). Very weak (±) staining of phospho-ERK1/2 in non-neoplastic breast tissues
(C-F). Cytoplasmic phospho-ERK1/2 staining in breast tumor classified as low expression (C, D), and high expression
(E, F). Original magnification: A, C, and E 100×; B, D, and F 400×

A B

C D

E F
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Results

We used immunohistochemical analysis to exam-
ine the cytoplasmic/nuclear distribution of the acti-
vation status of ERK1/2 in breast cancer and the
clinical-pathological relationship thereof, using anti-
phospho-ERK1/2 antibodies (phospho T202/204,
G15-B), which are monoclonal antibodies against ac-
tivated ERK1/2. Phospho-ERK1/2 showed negative
or faint staining in non-neoplastic mammary tissues
(Fig. 1). In the breast tumor, phospho-ERK1/2
showed a significant and stronger expression pattern
than in the non-neoplastic mammary tissues (Figs. 1
and 2).

The staining intensity of phospho-ERK1/2 in non-
neoplastic mammary tissues was used as an internal pos-
itive control, and provided a scoring baseline for phos-
pho-ERK1/2 staining in the breast tumor specimens.
In the breast tumor cells, phospho-ERK1/2 was pos-
itively stained in the cytoplasm, nuclei, or both (Figs.
1 and 2). Based on relative staining intensity of phos-
pho-ERK1/2 in the cytoplasm and nuclei of tumor cells,
we categorized phospho-ERK1/2 expression in the tu-
mor as low-positive (0, 1+) and high-positive (2+, 3+)
(Figs. 1 and 2). The results showed that 82 cases
(78.1%, 82/105) of the cancers displayed low (weak)

cytoplasmic phospho-ERK1/2 staining, and 23 cases
(21.9%, 23/105) showed high (moderate to strong) cy-
toplasmic phospho-ERK staining in the breast cancer
specimens (Table I). The nuclear phospho-ERK1/2 im-
munoreactivity showed low (weak) staining in 92 cas-
es (87.6%, 92/105) and high (moderate to strong) stain-
ing in 13 cases (12.4%, 13/105) of the breast cancer
specimens (Table II).

ERK1/2 is expressed in the cytoplasm and acti-
vated/phosphorylated ERK1/2 translocates to the nu-
cleus [6, 7]. We investigated the association between
phospho-ERK1/2 cytoplasmic/nuclear distribution
and the clinical parameters, including the grade, T
status, stage, and lymph node metastasis of the tu-
mor. Our results showed that no statistically sig-
nificant association exists between the level of cyto-
plasmic phospho-ERK1/2 staining and any of the
clinical features (Table I). Conversely, the results
showed a significant correlation between nuclear phos-
pho-ERK1/2 distribution and the grade, T status, and
stage of the breast cancer. The statistical results
showed that high nuclear phospho-ERK1/2 im-
munoreactivity in a tumor was significantly correlated
with a high grade (poor differentiation, p = 0.010),
high T status (larger tumor size, p = 0.033), and an
advanced stage (p = 0.018) of the breast cancer
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Fig. 2. Representative immunohistochemical images of nuclear phospho-ERK1/2 staining in breast tumor. Breast
tumor samples were classified as low (A, B) and high (C, D) for nuclear phospho-ERK1/2 staining. Original
magnification: A, C – 100×; B, D – 400×

A B

C D
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PHOSPHORYLATED ERK1/2 EXPRESSION IN BREAST CANCER

Table I. Cytoplasmic phospho-ERK1/2 staining and clinical parameters in breast cancer

CYTOPLASMIC PHOSPHO-ERK1/2 TOTAL (N = 105) P VALUE

LOW HIGH

Grade
well/moderate 56 (81.2) 13 (18.80) 69 0.293
poor 26 (72.2) 10 (27.8) 36

T status
T1, T2 52 (82.5) 11 (17.5) 63 0.177
T3, T4 30 (71.4) 12 (28.6) 42

Stage
I 0 (0) 0 (0)
II 25 (89.3) 3 (10.7) 28 0.115
III 57 (74) 20 (26) 77
IV 0 (0) 0 (0)

Lymph node metastasis
no 4 (66.7) 2 (33.3) 6 0.610
yes 78 (78.8) 21 (21.2) 99

Survival
≤ 2 years 16 (76.2) 5 (23.8) 21 0.813
> 2 years 66 (78.6) 18 (21.4) 84

Data are shown as number of cases (%).

Table II. Nuclear phospho-ERK1/2 staining and clinical parameters in breast cancer

NUCLEAR PHOSPHO-ERK1/2 TOTAL (N = 105) P VALUE

LOW HIGH

Grade
well/moderate 65 (94.2) 4 (5.8) 69 0.010*
poor 27 (75.0) 9 (25.0) 36

T status
T1, T2 59 (93.7) 4 (6.3) 63 0.033*
T3, T4 33 (78.6) 9 (21.4) 42

Stage
I 0 (0) 0 (0)
II 28 (100) 0 (0) 28 0.018*
III 64 (83.1) 13 (16.9) 77
IV 0 (0) 0 (0)

Lymph node metastasis
no 5 (83.3) 1 (16.7) 6 0.557
yes 87 (87.9) 12 (12.1) 99

Survival
≤ 2 years 18 (85.7) 3 (14.3) 21 0.721
> 2 years 74 (88.1) 10 (11.9) 84

Data are shown as number of cases (%).
*statistically significant

(Table II). These results indicated that nuclear, but
not cytoplasmic, phosphorylated ERK1/2 plays
a significant role in the proliferation and the pro-
gression of breast cancer.

Discussion

MAPK signaling plays an important role in cancer
progression, and its activation by upstream signals and
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growth factor stimuli results in cytoplasmic ERK1/2
phosphorylation and phosphorylated ERK1/2, which
enter the nucleus to modulate gene transcription and
the proliferation and invasion of tumor cells [6, 7]. The
role of ERK1/2 in the proliferation and invasion of breast
cancer cells has been extensively studied in vitro. The
phosphorylation and activation of ERK1/2 by growth
factors such as estrogen, epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), and insulin in
breast cancer cells have been reported [22-24]. Addi-
tionally, in vitro studies have reported that ERK1/2 ac-
tivation was related to the proliferation and motility
of breast cancer cells [15, 16]. Nevertheless, a previ-
ous clinical-pathological study by Milde-Langosch et
al. of 148 breast cancer samples reported that no pos-
itive relationship existed between the activation of
ERK1/2 and the progression of breast cancer [17].
The anti-phospho-ERK1/2 monoclonal antibody
(Thr202/Tyr204, clone E10, Cell Signaling Technol-
ogy) that they used did not present any concerns in their
study, since that antibody was previously used suc-
cessfully to assay phosphorylated ERK1/2 in paraffin-
embedded tissue samples [25]. ERK1/2 is expressed in
the cytoplasm and activated/phosphorylated ERK1/2
translocates to the nucleus to modulate gene tran-
scription and the proliferation and invasion of tumor
cells [6, 7]. In their study, the cytoplasmic and nuclear
distribution of the phosphorylated ERK1/2 and their
clinical-pathological correlation was not analyzed,
and they found no association between ERK1/2 acti-
vation and the proliferation and invasion of mamma-
ry carcinomas [17]. Comparatively, our study was based
on the analysis of the cytoplasmic and nuclear distri-
bution of the phosphorylated ERK1/2 and the clini-
cal-pathological correlation between the two; this may
explain the difference in the results of the two studies.
However, because ERK1/2 is expressed in the cytoplasm
and activated ERK1/2 is distributed in the nuclei of cells
to modulate gene transcription and the proliferation
and invasion of tumor cells, we propose that activat-
ed ERK1/2 is associated with the proliferation and in-
vasion of breast cancer, and that our results have iden-
tified the role of activated ERK1/2 in the progression
of breast cancer.

The use of biomarkers is a valuable aid to the di-
agnosis of breast cancer, as well as the assessment of
the patient’s prognosis, and facilitates decision-mak-
ing for treatment [28-30]. In this study, we showed
that phospho-ERK1/2 produced negative or faint stain-
ing in non-neoplastic mammary tissues, and phospho-
ERK1/2 showed a significant and stronger expression
in the breast tumor (Figs. 1 and 2). Thus, immuno-
histological analysis of phosphorylated ERK1/2 in breast
tumors might be useful ancillary tool for the diagno-
sis of breast cancer. Our study also showed that high
nuclear phosphorylated ERK1/2 expression in a breast
tumor was associated with poor differentiation (high

grade), larger tumor size (high T status), and an ad-
vanced stage of breast cancer (Table II). Therefore, the
nuclear localization of phosphorylated ERK in a breast
cancer tumor may indicate aggressive tumor behavior
and may constitute an independent prognostic factor.
Breast cancer patients who show high nuclear phos-
phorylated ERK expression in the tumor may require
close follow-up to ensure early and adequate therapy.
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