
ONCOLOGY REPORTS  38:  3055-3063,  2017

Abstract. Abnormal activation of the RAF/MEK/ERK 
signaling pathway has been observed in breast cancer. Thus, 
a number of MEK inhibitors have been designed as one 
treatment option for breast cancer. Although some studies 
have found that these MEK inhibitors inhibit the growth of a 
variety of human cancer cells, some trials have shown that the 
use of MEK inhibitors as a treatment for breast cancer does 
not adequately improve survival for unknown reasons. In the 
present study, MEK inhibitor PD98059 was used to evaluate 
its anticancer effects on human breast cancer MCF-7 and 
MDA-MB-231 cells and to explore the possible mechanism 
of action. Our results revealed that MEK inhibitor PD98059 
exhibited antiproliferative effects in a dose- and time-depen-
dent manner in MCF-7 and MDA-MB-231 breast cancer cells. 
Conversely, incubation of MCF-7 and MDA-MB-231 cells 
with PD98059 promoted their migration. Further investigation 
disclosed that the enhanced ability of migration promoted by 
PD98059 was dependent on β-catenin nuclear translocation in 
the MCF-7 and MDA-MB‑231 cells. Subsequent experiments 
documented that activation of EGFR signaling induced by 
PD98059 increased the amount of β-catenin in the nucleus. 
Taken together, our findings may elucidate a possible mecha-
nism explaining the ineffectiveness of MEK inhibitors in 
breast cancer treatment and improve our understanding of the 
role of MEK in cancer.

Introduction

Breast cancer is one of the leading causes of cancer-related 
deaths in women (1). Despite the great advance in the treatment 

of breast cancer, the prognosis of these patients still remains 
poor to date (2,3). Abnormal activation of the RAF/MEK/
ERK signaling pathway has been observed in breast cancer 
and was proposed as a candidate for cancer therapy (4,5). 
Thus, a number of MEK inhibitors have been designed to test 
their antiproliferative activity against breast cancer cells (6,7). 
Although some studies have found that these MEK inhibitors 
inhibit the growth of a variety of human cancer cells, some 
trials have shown that the use of MEK inhibitors as a treat-
ment for breast cancer does not adequately improve survival 
for unknown reasons  (8-10). Therefore, understanding the 
reasons for the poor outcome in such treatments implies a 
better knowledge of the function of the MEK pathway.

Previous studies have suggested that the treatment of 
breast cancer cells with MEK inhibitors produced an increase 
in the phosphorylation of the epidermal growth factor receptor 
(EGFR) through a negative feedback loop (11,12). Activated 
EGFR phosphorylates the Y593 residue of the protein known 
as family with sequence similarity 129, member B (FAM129B), 
resulting in an increased PKM2-dependent β-catenin transac-
tivation and tumor cell invasion (13). β-catenin is an important 
intermediate in several signal transduction pathways including 
the Wnt pathway  (14-16). In the canonical Wnt pathway, 
β-catenin accumulates and translocates to the nucleus where 
it acts as a key transcriptional co-activator to activate a series 
of genes that are associated with cell proliferation and metas-
tasis in cancer. In addition, EGFR signaling also stimulates 
the phosphorylation of LRP6, increases the active β-catenin 
level, and induces its nuclear translocation (17). Recent studies 
of breast cancer suggested that β-catenin nuclear accumula-
tion is usually correlated with poor outcome (18,19). Aberrant 
upregulation of β-catenin was observed in various mammary 
carcinoma cell lines which conferred resistance to PI3K 
inhibitors (18,20). Therefore, we aimed to ascertain whether 
EGFR-mediated β-catenin nuclear accumulation acts as an 
alternative pathway for the poor outcome related to MEK 
inhibitors in breast cancer.

In the present study, we used in vitro approaches to inves-
tigate the effects of the MEK inhibitor PD98059 on MCF-7 
and MDA-MB-231 breast cancer cells. Our results revealed 
that MEK inhibitor PD98059 exhibited antiproliferative 
effects in a dose- and time-dependent manner in MCF-7 and 
MDA-MB-231 breast cancer cells. Conversely, incubation of 
MCF-7 and MDA-MB‑231 cells with PD98059 promoted their 
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migration. Further investigation disclosed that enhanced ability 
of migration by PD98059 was dependent on β-catenin nuclear 
translocation in MCF-7 and MDA-MB-231 cells. In addition, 
we also demonstrated that β-catenin nuclear accumulation 
depended on the activation of EGFR induced by PD98059 
in the MCF-7 and MDA-MB-231 cells. Taken together, our 
findings may elucidate a possible mechanism explaining the 
ineffectiveness of MEK inhibitors in breast cancer treatment.

Materials and methods

Materials. PD98059 was purchased from Cell Signaling 
Technology (Beverly, MA, USA). XAV-939, gefitinib and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) were purchased from Sigma (St. Louis, MO, USA). 
RPMI-1640 medium and fetal bovine serum (FBS) were 
purchased from Gibco (Grand Island, NY, USA). The sources 
of primary antibodies used for western blotting: polyclonal 
rabbit anti‑human β-catenin (sc-7199; 1:500), monoclonal 
mouse anti‑human p-EGFR (sc-81490; 1:200), monoclonal 
mouse anti-human β-actin (sc-47778; 1:1,000) and polyclonal 
rabbit anti-human lamin B1 antibodies (sc-20682; 1:500) were 
all purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Polyclonal rabbit anti‑human phospho-MEK1 
(Thr292) antibody (#51265; 1:1,000) was purchased from Cell 
Signaling Technology. The horseradish peroxidase‑conjugated 
secondary antibodies including goat anti-rabbit IgG (sc-2054; 
1:1,000) and goat anti-mouse IgG (sc-2973; 1:1,000) were also 
purchased from Santa Cruz Biotechnology. All other chemi-
cals used in the present study were commercial products of 
reagent grade.

Cell lines. Cell lines, derived from human breast cancer 
(MCF-7 and MDA-MB-231) were used in the present study. 
All of the cell lines were purchased from the Cell Bank of the 
Chinese Academy of Science (Shanghai, China). These cells 
were maintained in RPMI-1640 medium containing 10% FBS, 
100 U/ml penicillin, and 100 µg/ml streptomycin, at 37̊C in a 
humidified incubator containing 5% CO2.

MTT assay. Cells were seeded in 96-well plates at an initial 
density of 4x103 cells/well in 90 µl of medium and allowed 
to grow overnight. After cells grew to 30% of the bottom of 
cell culture plates, various concentrations of PD980589 (1, 5, 
10, 20 and 50 µM) were added to the cells and incubation was 
carried out for 24 h. Then, 50 µl of MTT (1 mg/ml) was added 
to each well for 4 h of incubation at 37̊C and 100 µl dimethyl 
sulfoxide (DMSO) was added to solubilize the crystal prod-
ucts at room temperature for 10 min subsequently. The optical 
density (OD) was measured at a wavelength of 490 nm with 
a microplate reader (BioTek, Winooski, VT, USA). Growth 
inhibition ratio was calculated as follows: Growth inhibition 
ratio (%) = (ODcontrol - ODdrug)/ODcontrol x 100. The experiments 
were repeated at least three times.

Wound scratch assay. The wound scratch assay was performed 
as previously described (21,22). Cells (2x104) were seeded in a 
24-well plate and cultured overnight prior to serum starvation. 
After incubation, a linear wound in the cellular monolayer was 
created by scratching a confluent cell monolayer. The mono-

layer of the scratched cells was washed by phosphate-buffered 
saline (PBS) to remove debris. After incubation for 24 h, the 
area of migration was photographed under a microscope. The 
width of the wound was measured and recorded as t=0. The 
cells were then allowed to migrate back into the wounded 
area. Twenty‑four hours later, the width of the open area was 
measured. Cell migration was expressed as the percentage of 
the gap (t=24 h) relative to the primary width of the open area 
(t=0 h). All experiments were performed in triplicate.

Cell migration assay. The migration assays were performed 
in a 24-well Boyden chamber with an 8-µm pore size polycar-
bonate membrane (Corning, Corning, NY, USA) as previously 
described (21-23). For the migration assay, 200 µl of serum-
free medium (containing 1x105 cells) was added to the upper 
compartment of the chamber, while the lower compartment 
was filled with 600  µl of RPMI-1640 supplemented with 
10% FBS. After incubation at 37̊C for 24 h, the tumor cells 
remaining inside the upper chamber were removed with cotton 
swabs. The cells on the lower surface of the membrane were 
stained with 0.1% crystal violet after fixation with methanol, 
and then counted under a light microscope.

Western blotting. The total proteins were isolated from 
cancer cell lines using RIPA lysis buffer. The nuclear proteins 
were isolated from the cancer cell lines using Nuclear and 
Cytoplasmic Protein Extraction kit (Beyotime, Shanghai, 
China) following the manufacturer's instructions. The protein 
concentration was determined using a BCA assay kit (Pierce, 
Rockford, IL, USA). Samples were denatured in 5X SDS 
sample buffer at 95̊C for 5 min. Equal amounts of total proteins 
were separated using 10% SDS-PAGE, and then transferred 
onto polyvinylidene difluoride (PVDF) membranes. The 
membranes were then blocked with 5% dried skimmed milk in 
Tris-buffered saline with Tween-20 (TBST) at room tempera-
ture for 1 h. After blocking, the membranes were incubated 
with corresponding primary antibodies overnight at 4̊C. After 
being washed three times with TBST, the membranes were 
incubated with the appropriate HRP-conjugated secondary 
antibody, and then washed three times with TBST. Proteins 
were detected using the Enhanced Chemiluminescence (ECL) 
Plus reagents (Beyotime).

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 5 for Windows (GraphPad Software, Inc., 
La Jolla, CA, USA). All data are expressed as mean ± SEM. A 
two‑tailed unpaired t-test was used for the comparison of the 
mean values between two groups. One-way analysis of vari-
ance (ANOVA) followed by Dunnett's multiple comparison 
test or two-way ANOVA followed by Bonferroni post hoc test 
was used for multiple comparison. Differences with P<0.05 
were considered statistically significant.

Results

Antiproliferative ef fects of PD98059 on MCF-7 and 
MDA-MB‑231 cells. MCF-7 cells are estrogen receptor-posi-
tive breast cancer cells and MDA-MB-231 is a triple-negative 
breast cancer. Therefore, we selected these two cell lines with 
different genetic backgrounds for our studies. PD98059, one 
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of the first selective MEK inhibitors, is a potent and selec-
tive inhibitor of MEK with anticancer activity in vitro. To 
determine the antiproliferative effects of PD98059 on breast 
cancer cells, we first treated MCF-7 and MDA-MB‑231 breast 
cancer cells with 1, 5, 10 and 20 µM PD98059 for 24 h. As 
shown in Fig. 1A and B, after incubation of the MCF-7 and 
MDA-MB-231 cells with 1, 5, 10 and 20 µM PD98059 for 
24 h, the expression of phosphorylated MEK1 which is an 
indicator of MEK1 activation was markedly decreased from 
5 to 20  µM compared with the control group. Then, we 
observed that PD98059 inhibited MCF-7 and MDA-MB‑231 
cell proliferation in a dose-dependent manner using MTT 

assay (Fig. 1C and D). For example, the cell growth inhibi-
tion ratio was increased from 4.7% at the dose of 1 µM to 
33.1% at the dose of 50 µM in MCF-7 breast cancer cells. 
Similarly, the cell growth inhibition ratio was increased from 
4.2% at the dose of 1 µM to 40.5% at the dose of 50 µM in 
the MDA-MB-231 breast cancer cells. In addition, we further 
evaluated whether PD98059 exerts antiproliferative activity 
in a time-dependent manner in the breast cancer cells. As 
our results showed, the growth inhibition ratio in the MCF-7 
cells incubated with 20 µM PD98059 was markedly increased 
from 6.1% at 12 h to 56.2% at 72 h (Fig. 2A). Accordingly, the 
growth inhibition ratio in the MDA-MB-231 cells incubated 

Figure 1. Inhibition of MEK activation with PD98059 attenuates cell growth in a dose-dependent manner. (A) Western blot analysis showed that pretreatment 
of MCF-7 cells with PD98059 inhibited MEK1 phosphorylation. (B) Western blot analysis showed that pretreatment of MDA-MB-231 cells with PD98059 
inhibited MEK1 phosphorylation. (C) MTT assay showed that PD98059 inhibited MCF-7 cell growth in a dose-dependent manner. (D) MTT assay showed 
that PD98059 inhibited MDA-MB-231 cell growth in a dose-dependent manner. All of the results were repeated in three independent experiments; *P<0.05; 
**P<0.01, ***P<0.001 compared to the control group; one-way ANOVA.

Figure 2. PD98059 inhibits breast cancer cell growth in a time-dependent manner. (A) MTT assay showed that PD98059 (20 µM) inhibited MCF-7 cell growth 
in a time-dependent manner. (B) MTT assay showed that PD98059 (20 µM) inhibited MDA-MB-231 cell growth in a time-dependent manner. All of the results 
were repeated in three independent experiments.
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with 20 µM PD98059 was also increased from 10.7% at 12 h 
to 64.6% at 72 h (Fig. 2B).

PD98059 promotes MCF-7 and MDA-MB-231 cell migra-
tion. Given that PD98059 not only influences tumor cell 
proliferation but also cell motility in several types of cancer 
cells, we investigated whether PD98059 regulates MCF-7 and 
MDA-MB-231 cell migration, which is one of the most vital 
features associated with malignant cell behavior. First, we 
examined the role of PD98059 in MCF-7 and MDA-MB-231 
cell migration using a wound scratch assay. Since 20 µM is a 
commonly used dosage for inhibiting MEK activity (24,25), 
we selected this concentration for our subsequent experiments. 
As shown in Fig. 3A, the cells incubated with 20 µM PD98059 
for 24 h displayed a higher ability of migration compared with 
the cells treated with vehicle (DMSO). To further identify 
these results, we examined the effects of PD98059 on cell 

migration using the Boyden chamber Transwell assay without 
Martrigel. Consistent with the wound scratch assay, MCF-7 
and MDA-MB‑231 cells treated with PD98059 also displayed 
an increased ability of migration compared with the control 
group cells (Fig. 3B). These results indicated that PD98059 
promoted cell migration in the MCF-7 and MDA-MB-231 
cells.

β-catenin expression in the MCF-7 and MDA-MB-231 
cells is increased after treatment with PD98059. Given that 
β-catenin is a key mediator for cell proliferation, migration 
and differentiation, we aimed to ascertain whether β-catenin 
is involved in the regulation of cell proliferation and migration 
in MCF-7 and MDA-MB-231 cells by PD98059. Therefore, we 
first examined the total protein expression of β-catenin using 
western blot assay. As shown in Fig. 4A, the expression of 
β-catenin total protein in the MCF-7 and MDA-MB-231 cells 

Figure 3. PD98059 promotes breast cancer cell migration. (A) Wound healing assays indicated that PD98059 (20 µM for 24 h) promoted MCF-7 and MDA‑MB-
231 cell migration. (B) Transwell assay without Matrigel demonstrated that PD98059 (20 µM for 24 h) promoted MCF-7 and MDA-MB-231 cell migration. 
Results are presented as mean ± SEM (n=3); *P<0.05 compared to the control group; one-way ANOVA.
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was statistically increased at 24 h after incubation with 20 µM 
PD98059 as compared to β-catenin expression following 
incubation with vehicle. Considering that β-catenin nuclear 
accumulation often induces efficient metastasis formation by 
enhancing metastasis-related gene transcription, we analyzed 
nuclear β-catenin levels as the most direct way to assess the 
effects of PD98059 on β-catenin transcriptional activity. 
Similarly, we also found that PD98059 significantly increased 

β-catenin nuclear accumulation in the MCF-7 and MDA-MB-
231 cells (Fig. 4B).

Inhibition of β-catenin nuclear accumulation reverses 
PD98059-induced MCF-7 and MDA-MB-231 cell migration. 
In order to determine whether β-catenin nuclear accumula-
tion contributes to PD98059-mediated enhanced ability of 
cell migration, the AXIN stabilizer XAV939 was used in the 

Figure 4. Protein expression of β-catenin is increased in MCF-7 and MDA-MB-231 cells. (A) β-catenin total protein and (B) nuclear protein were increased in 
the MCF-7 and MDA-MB-231 cells treated with PD98059 (20 µM for 24 h). β-actin and lamin B1 were used as an internal control of total protein and nuclear 
protein. Results are presented as mean ± SEM (n=3); **P<0.01, ***P<0.001 compared to the control group; a two-tailed unpaired t-test.

Figure 5. XAV939 reverses PD98059-induced β-catenin total protein and nuclear protein expression in MCF-7 and MDA-MB-231 cells. (A) Western blot 
analysis showed that pretreatment of MCF-7 and MDA-MB-231 cells with XAV-939 (5 µM for 24 h) reversed PD98059-induced β-catenin total protein 
expression. β-actin was used as an internal control of total protein. (B) Western blot analysis showed pretreatment with XAV-939 (5 µM for 24 h) reversed 
PD98059‑induced β-catenin nuclear protein expression in MCF-7 and MDA-MB-231 cells. Lamin B1 was used as an internal control of nuclear protein. 
Results are presented as mean ± SEM (n=3); **P<0.01, ***P<0.001 compared to the control group; a two-tailed unpaired t-test.
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following study. As a stabilizer of AXIN, XAV939 promotes 
the degradation of β-catenin, thus leading to decreased 

β-catenin nuclear translocation (26,27). Our results showed 
that when MCF-7 and MDA-MB-231 cells were pre-treated 

Figure 7. XAV939 reverses PD98059-induced breast cancer cell migration. (A) Wound healing assays indicated that XAV939 (5 µM for 24 h) reversed 
PD98059-induced MCF-7 and MDA-MB-231 cell migration. (B) Transwell assay without Matrigel demonstrated that XAV939 reversed PD98059-induced 
MCF-7 and MDA-MB-231 cell migration. Results are presented as mean ± SEM (n=3); *P<0.05, **P<0.01, ***P<0.001 compared to the control group; a two-
tailed unpaired t-test.

Figure 6. XAV939 (5 µM for 24 h) and PD98059 (20 µM for 24 h) play a cooperative inhibitory role in breast cancer MCF-7 and MDA-MB-231 cell growth. 
These results were repeated in three independent experiments; ***P<0.001 compared to the control group; a two-tailed unpaired t-test.
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with 5 µM XAV-939 for 30 min followed by co-treatment with 
PD98059 (20 µM) for 24 h, the PD98059-induced increase 
in β-catenin nuclear accumulation was markedly blocked by 
XAV-939  (Fig.  5A). Similarly, PD98059-induced increase 
in β-catenin total protein expression was also blocked by 
XAV-939 in the MCF-7 and MDA-MB-231 cells (Fig. 5B). 
Then, we examined whether XAV-939 reverses PD98059-
mediated changes in cancer cell behaviors. As shown in 
Fig. 6, XAV-939 did not reverse PD98059-mediated ability to 
decrease MCF-7 and MDA-MB-231 cell growth, but produced 
a cooperative inhibitory effect with PD98059 on cell prolif-
eration. Finally, we assessed the effects of XAV939 on cell 
migration using a wound scratch assay and Boyden chamber 
Transwell assay without Martrigel. Our results showed that 
XAV-939 reversed PD98059-induced MCF-7 and MDA-MB-
231 cell migration (Fig. 7).

β-catenin nuclear accumulation induced by PD98059 
depends on the activation of EGFR in breast cancer cells. 
MEK inhibition is able to induce EGFR activation in breast 
cancer cells (12), and nuclear translocation of β-catenin some-
times depends on the activation of EGFR (28,29). Therefore, 
we investigated whether activation of EGFR can be induced 
by MEK inhibitor PD98059 in the MCF-7 and MDA-MB-231 
cells. In agreement with previous findings, we also observed an 
increase in the phosphorylation of EGFR following treatment 
with 20 µM PD98059 for 24 h in the MCF-7 and MDA-MB-231 
cells (Fig. 8A). To elucidate the underlying interaction between 
EGFR phosphorylation and β-catenin nuclear accumulation, 
we then used PD98059 combined with the EGFR inhibitor 
gefitinib to treat MCF-7 and MDA-MB-231 cells. As shown 
in Fig. 8B, EGFR kinase inhibitor gefitinib was able to abolish 
the PD98059-induced β-catenin nuclear translocation. Hence, 
we conclude that β-catenin nuclear accumulation induced by 
PD98059 depends on the activation of EGFR in breast cancer 
cells.

Discussion

The Ras/MEK/ERK pathway plays a central role in cancer 
cell biology, including proliferation, survival, migration, 
invasion and angiogenesis (5,6). Therefore, MEK has been 
proposed as a suitable target for therapeutic intervention in 
cancer. To our disappointment, numerous studies have found 
that these inhibitors may showed variable effects on cell 
growth depending on tumor type (6,7,30). For example, MEK 
inhibitors showed growth inhibition effects on various types 
of neuroblastoma, colon cancer and hepatocellular carcinoma 
cells via inducing apoptosis or G1 phase arrest (30-32), while 
some breast cancer cell lines were found to be resistant to 
MEK inhibitors in pre-clinical studies and early clinical 
trials (10). In the present study, we observed that PD98059 
suppressed cell growth in a dose-dependent manner in breast 
cancer MCF-7 and MDA-MB-231 cells. This is consistent 
with previous studies by Zhou et al and Ye et al. In their 
studies, Zhou et al found that the MEK inhibitor suppressed 
cell growth via induction of apoptosis and G1 phase arrest in 
the breast cancer MDA-MB-231 and HCC1937 cell lines (33). 
Ye  et  al observed that inhibition of MEK/ERK with the 
pharmacological inhibitor PD98059 resulted in a significant 
enhancement of growth inhibition in breast cancer MCF-7 
cells (34).

In the present study, the expression of β-catenin was 
increased in the MCF-7 and MDA-MB-231 cells after treat-
ment with MEK inhibitor PD98059. It is well known that 
β-catenin usually acts as a key transcriptional factor and 
widely participates in promoting cancer cell proliferation 
and migration (35,36). Why β-catenin nuclear accumulation 
induced by PD98059 was associated with decreased cell 
growth in the present study is unclear. We hypothesize that 
other proliferation‑related signaling pathways were inhibited 
by the MEK inhibitor. For example, the Raf/MEK/ERK 
pathway can control cell survival and proliferation by induc-
tion of cell cycle regulatory proteins such as BCL-2, CDKs and 
cyclins. Conversely, MEK inhibition causes reduction in this 
signaling in cancer cells concomitant with apoptosis (37,38). 
Although β-catenin nuclear accumulation occurred after MEK 

Figure 8. β-catenin nuclear translocation induced by PD98059 depends on 
the activation of EGFR in breast cancer cells. (A) Western blot analysis 
showed that pretreatment of MCF-7 and MDA-MB-231 cells with PD98059 
(20 µM for 24 h) promoted p-EGFR protein expression. β-actin was used 
as an internal control of total protein. (B) Western blot analysis showed 
that pretreatment with gefitinib (Gefi) (20 µM for 24 h) reversed PD98059-
induced β-catenin nuclear protein expression in MCF-7 and MDA-MB-231 
cells. Lamin B1 was used as an internal control of nuclear protein. Results are 
presented as mean ± SEM (n=4); *P<0.05, ***P<0.001 compared to the control 
group; a two-tailed unpaired t-test.
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inhibition in the MCF-7 and MDA-MB-231 cells, it could not 
overcome the anti‑proliferative signaling pathway which was 
also induced by the MEK inhibitor. Finally, PD98059 showed 
antiproliferative effects in the MCF-7 and MDA-MB-231 cells 
in this case. Of course, further studies are needed to ascertain 
whether our assumption is correct.

β-catenin nuclear accumulation often induces efficient 
metastasis formation by enhancing metastasis-related 
gene transcription including matrix metalloproteinases 
(MMPs) (39-41). In the present study, we also demonstrated 
that β-catenin nuclear translocation was vital to cell migra-
tion in breast cancer MCF-7 and MDA-MB-231 cells, since 
the MEK inhibitor PD98059 promoted β-catenin into the 
nucleus, and inhibition of β-catenin nuclear accumulation 
with XAV-939 markedly reversed the cell migration ability 
induced by PD98059. Subsequent experiments demonstrated 
that β-catenin nuclear entry relied on the activation of 
EGFR in MCF-7 and MDA-MB-231 cells which is in line 
with previous studies. The epidermal growth factor receptor 
(EGFR) is a tyrosine kinase receptor that participates in the 
regulation of cell proliferation and migration. It has been 
shown that the activation of EGFR signaling stimulates 
β-catenin nuclear translocation and contributes to the acqui-
sition of a motile phenotype by upregulating the expression of 
MMPs (13,42). Although MCF-7 and MDA-MB‑231 are cell 
lines with two totally different genetic backgrounds, EGFR is 
expressed in these cells (43,44). Therefore, it is not surprising 
that β-catenin nuclear translocation induced by PD98059 
depends on the activation of EGFR in these breast cancer cell 
lines.

Contrary to our results in breast cancer cells, previous 
studies suggest that inhibition of ERK activity in lung cancer 
activates glycogen synthase kinase 3β (GSK3β) potentially 
leading to β-catenin degradation, which in turn inhibits cell 
growth and metastasis (45,46). We hypothesized that these 
conflicting results may be due to the different tumor types. 
However, the mechanisms of EGFR overexpression induced 
by MEK inhibition in breast cancer cells remain unresolved. 
Further studies are needed to demonstrate this novel pathway 
and its role in breast cancer progression in vivo. In addition, 
our results also demonstrated that inhibition of β-catenin 
nuclear translocation with XAV-939 inhibited the expression 
of β-catenin total protein. This may occur as β-catenin is 
retained in the cytoplasm where it is recognized by a destruc-
tion complex containing GSK3β, casein kinase 1 (CK1), axin 
and adenomatous polyposis coli (APC), thus leading to ubiq-
uitin proteasome-mediated degradation of β-catenin (45,46).

Taken together, our results demonstrated that MEK 
inhibitor PD98059 promoted cell migration in MCF-7 and 
MDA-MB‑231 cells by promoting β-catenin nuclear trans-
location. These results may elucidate a possible mechanism 
explaining the ineffectiveness of MEK inhibitors in breast 
cancer treatment.
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