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A ROS/Akt/NF-kB Signaling Cascade Mediates Epidermal
Growth Factor-Induced Epithelial-Mesenchymal Transition
and Invasion in Human Breast Cancer Cells
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Abstract

Background: As one of the most widely used anti-diabetic drugs for
type II diabetes, metformin has been shown to exhibit anti-cancer ac-
tivity in recent years. Epidermal growth factor (EGF) and its receptor,
EGFR, play important roles in cancer metastasis in various tumors,
including breast cancer. Epithelial-mesenchymal transition (EMT) is
a critical process for cancer invasion and metastasis. In this study, we
use EGF as a metastatic inducer to investigate the effect of metformin
on cancer cell migration, invasion and EMT.

Methods: Human breast cancer MCF-7 cells were exposed to EGF with
or without metformin or N-acetyl cysteine (NAC). The effects of met-
formin on breast cancer cell proliferation were analyzed using 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.
The production of reactive oxygen species (ROS) was tested using
2,7-dichlorodihydrofluorecein diacetate (DCFH-DA). The migratory
and invasive abilities of tumor cells were analyzed using wound healing
assay and transwell invasion assay, respectively. The expressions of E-
cadherin, N-cadherin and Snail were tested using real-time quantitative
polymerase chain reaction (QRT-PCR) and western blotting at mRNA
and protein levels. The activation of protein kinase B (Akt) and nuclear
factor kappa B (NF-kB) were measured by western blotting.

Results: Our results showed that metformin inhibited breast cancer
cell proliferation in a dose-dependent manner with or without EGF.
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EGF-induced alterations in cell morphology that are characteristic
of EMT were reversed by metformin. Metformin also inhibited the
EGF-modulated expression of E-cadherin, N-cadherin and Snail and
further suppressed cell invasion and migration. In addition, metform-
in suppressed EGF-induced phosphorylation of Akt and NF-kB. ROS
is involved in EGF-induced cancer invasion and activation of phos-
phatidylinositol 3-kinase (PI3K)/Akt/NF-xB pathway.

Conclusion: Taken together, these data indicate that metformin sup-
presses EGF-induced breast cancer cell migration, invasion and EMT
through the inhibition of the PI3K/Akt/NF-kB pathway. These results
provide a novel mechanism to explain the role of metformin as a po-
tent anti-metastatic agent in breast cancer cells.
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Introduction

Breast cancer is one of the most highly malignant diseases afflict-
ing women worldwide, with an estimated 246,660 new cases and
40,450 deaths in 2016 in the USA [1]. It is expected that breast
cancer alone accounts for 29% of all new cancer diagnoses in
women [ 1]. Several treatment decisions may be offered to women
who suffer from breast cancer, including surgery, radiotherapy,
endocrine and chemotherapy. However, due to lymphatic and
hematogenous metastasis occurring at the early stage, breast can-
cer is still the primary leading cause of cancer deaths in women
worldwide [2]. Chemotherapy is a pivotal therapeutic method for
breast cancer patients, whereas the development of multi-drug re-
sistance usually leads to the failure of chemotherapy [3]. Under-
standing the molecular basis of tumor metastasis is highly needed
for developing new strategies to prevent and treat breast cancer.
Epithelial-to-mesenchymal transition (EMT), which is
characterized by the loss of epithelial characteristics and the
acquisition of mesenchymal morphology, has been recognized
both as a physiological mechanism for embryonic develop-
ment and wound healing, and as a pathological mechanism in
tumor progression [4, 5]. A typical symbol of EMT is loss of
epithelial markers (E-cadherin) and gain mesenchymal mark-
ers (vimentin and N-cadherin) as well as the up-regulation of
associated transcriptional regulators (Snail, Twist) [6]. It is
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believed that EMT is an important event in the initial step of
the tumor metastasis allowing cells to acquire migratory and
invasive properties [4]. Thus, EMT is considered as a crucial
factor in cancer progression. Blocking this process is a promis-
ing therapeutic strategy to limit cancer diffusion.

Growth factors and cytokines can promote EMT trigger-
ing specific signaling pathways [7, 8]. Epidermal growth fac-
tor (EGF), a low molecular weight (Mr = 6,045) polypeptide,
is a well-known growth factor that induces cancer cell migra-
tion and invasion [7]. Some studies have indicated a role of
EGF alone, or in combination with other growth factors, in dis-
rupting cell-cell junctions and promoting EMT in breast tumor
[9, 10]. EGF stimulates signaling pathways through the EGF
receptor (EGFR), which is frequently over-expressed in breast
cancers with a higher incidence of distant metastases and de-
creased survival [11]. The two major intracellular pathways
activated by EGF/EGFR system are the mitogen-activated
protein kinase (MAPK)/extracellular signal-regulated kinases
(ERK) cascade and the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (Akt) pathway - all known for being frequent-
ly dysregulated in breast cancer [12].

Metformin (1,1-dimethylbiguanide hydrochloride), the most
prescribed drug for type II diabetes mellitus, has received more
and more attention as a potentially useful therapeutic agent for
treating cancer in recent years [13]. Preclinical studies have
shown that metformin is able to inhibit cell proliferation, induce
cell apoptosis, suppress cell migration and invasion, reverse mul-
tidrug resistance, as well as enhance radiosensitivity in breast
cancer [3, 14, 15]. Metformin exerts its anti-cancer action via
adenosine monophosphate-activated protein kinase (AMPK)-
dependent and/or AMPK-independent mechanisms. AMPK is
linked with the PI3K/Akt and MAPK/ERK cascades [16].

Since EGF is a known inducer of EMT in breast cancer cells
[7], in the present study, we tested the hypothesis that metformin
is able to inhibit EGF-induced invasion and migration as well
as EMT of MCF-7 cells through the inhibition of the PI3K/Akt
pathway. Results from this study suggest that metformin is able
to inhibit the action of EGF via inhibiting ROS production. Met-
formin treatment may be a novel option for therapy of breast can-
cer via the inhibition of the PI3K/Akt/NF-kB pathway.

Materials and Methods

Cell culture

The human breast cancer cell line, MCF-7, was obtained from
the Type Culture Collection of the Chinese Academy of Sci-
ences (Shanghai, China). The cells were cultured in RPMI-1640
medium supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100 U/mL penicillin, and 100 ug/mL streptomy-
cin (GIBCO, Grand Island, NY, USA) at 37 °C in a 5% CO,
humidified atmosphere.

Reagents and antibodies

RPMI-1640 medium and FBS were from Gibco (Grand Island,
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NY, USA). Metformin, N-acetyl cysteine (NAC) and EGF were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Primary
antibodies against E-cadherin, N-cadherin and Snail were pro-
cured from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
The anti-NF-«xB, anti-phospho-NF-kB p65 (Ser468), anti-Akt
and anti-phospho-Akt (Ser473) antibodies were obtained from
Cell Signaling Technology (Beverly, MA, USA). The PI3K in-
hibitor LY294002 was obtained from Sigma Chemical Co. AG
1478 (EGFR inhibitor) was purchased from Calbiochem (San
Diego, CA, USA). The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl tetrazolium bromide (MTT) and DMSO were purchased
from Sigma Chemical Company (St. Louis, MO, USA). Other
reagents were purchased from common commercial sources.

MTT assays

MCF-7 cells were plated in triplicate at 1 x 10* cells per well
in 96-well culture plates in culture media. The cells were then
treated with different concentrations of metformin with or
without EGF. After incubation for 24, 48, and 72 h, MTT solu-
tion was added to each well, and then the cells were incubated
at 37 °C with 5% CO, for 4 h. DMSO was then added to each
well. The absorbance at 490 nm was measured using a spectro-
photometer (Bio-Rad, CA, USA).

Morphologic analysis

Serum-starved cells were treated with metformin (10 mmol/L)
followed by EGF (50 ng/mL) treated for 24 h. The cells were
analyzed using a phase contrast microscope. The experiment
was repeated in triplicate.

ROS determination

The level of intracellular ROS was determined by measuring
the oxidative conversion of cell permeable 2,7-dichlorodihy-
drofluorecein diacetate (DCFH-DA) using the ROS assay Kkit.
In brief, after treatment with DCFH-DA, the cells were washed
three times with phosphate-buffered saline (PBS) and fluores-
cence intensity measured using a fluorometer system (BD Bio-
sciences) at a wavelength pair of 488/525 nm.

Wound healing assay

MCF-7 cells were plated in 24-well plates and grown to 90-
100% confluence. After serum starvation overnight, a wound
line was created by scratching the cells with a sterile pipette
tip. Cellular debris was removed by washing twice with PBS
and then a medium containing EGF (50 ng/mL) was added
with or without metformin (10 mmol/L) for 24 h. Images were
taken at the time of 0 and 24 h under an inverted microscope
(% 10). The relative distance traveled by the leading edge were
counted in five random fields from each treatment and as-
sessed using Photoshop software.
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Transwell matrigel invasion assay

The invasion of MCF-7 cells was performed in transwell
chambers using 8 um transwell inserts (Millipore, Billerica,
MA, USA) coated with 25 pL matrigel (BD, Bedford, MA,
USA). In brief, the cells were seeded into the upper inserts (5
x 10%) in the medium containing 1% FBS. Medium contain-
ing 20% FBS was placed in the lower chambers. The cells
were treated with EGF (50 ng/mL) and/or metformin (10
mmol/L) and allowed to migrate for 48 h. At the end of incu-
bation period, the non-invading cells on the upper surface of
the membrane were removed with a wet cotton swab. Cells
crossing the matrigel to the lower surface of the membrane
were fixed and stained with crystal violet. The invading cells
on the lower surface of the membrane filter were counted
under an inverted microscope (x 20). The experiment was
repeated in triplicate.

Real-time quantitative polymerase chain reaction (QRT-
PCR)

Total RNA was isolated using the Fastgen200 RNA isolation
system (Fastgen, Shanghai, China) and was reverse-tran-
scribed into ¢cDNA using the Fermentas RevertAidTM Kit
(MBI Fermentas, Canada). The PCR conditions for E-cadher-
in, N-cadherin and Snail were 95 °C for 2 min, followed by
40 cycles of 95 °C for 0.5 min, 50 °C for 0.5 min and 72 °C
for 0.5 min. The following primers were used: E-cadherin-F:
5’-GAA CGC ATT GCC ACA TAC AC-3’, E-cadherin-R: 5’-
GAATTC GGG CTT GTT GTC AT-3’, N-cadherin-F: 5°’-TGT
TTG ACT ATG AAG GCA GTG G-3’, N-cadherin-R: 5’-TCA
GTC ATC ACC TCC ACC AT-3’, Snail-F: 5’-GCG AGC TGC
AGG ACT CTA AT-3’, Snail-R: 5’-GGA CAG AGT CCC
AGA TGA GC-3’, B-actin-F: 5’-CTT AGT TGC GTT ACA
CCCTTT CTT G-3’, B-actin-R: 5°-CTG TCA CCT TCA CCG
TTC CAG TTT-3’. B-actin was used as an internal control. The
relative gene expression was calculated using the previously
described 2-24Ct method.

Western blotting

Equal amounts of protein (20 mg) were separated by SDS-
polyacrylamide gel and electrotransferred onto nitrocellulose
membranes. After blocking with 5% non-fat dry milk in Tris-
buffered saline (TBS) for 2 h and washed with TBST buffer,
membranes were probed with primary antibodies at 4 °C over-
night and then incubated with secondary antibody for 2 h at 37
°C. The protein bands were detected using the ECL detection
system (Pierce).

Statistical analysis

Statistical analysis was carried out using SPSS 17.0 software.
Analysis of variance (ANOVA) was chosen to analyze sta-
tistical difference. The results were presented as the means +
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standard deviation (SD). P < 0.05 was considered statistically
significant. All experiments were repeated independently at
least three times.

Results

Metformin inhibits EGF-induced proliferation and ROS
production of MCF-7 cells

We first explored the effect of metformin on the cell viability
of MCF-7 using the MTT assay. As shown in Figure 1a, MCF-
7 cells were treated with metformin at various concentrations
ranging from 0 to 20 mmol/L for 24, 48, and 72 h. The results
proved that the proliferation of MCF-7 cells was decreased in
response to the treatment of metformin in both time- and dose-
dependent manners. Compared with the untreated control,
cells treated with metformin at a concentration between 0 and
10 mmol/L exhibited no cytotoxicity, because the 50% inhibi-
tory concentration (IC50) was nearly 10 mmol/L. Therefore,
a treatment concentration of 10 mmol/L of metformin was
applied in all subsequent experiments. EGF has been proven
to promote the proliferation of breast cancer cells [17]. Here
we found that the proliferation of MCF-7 cells treated with
EGF was increased compared with the control group and this
increase could be reduced in the presence of metformin in a
dose-dependent manner (Fig. 1b). ROS generation is related
with tumor progression. In this study, we also examined the
effect of metformin on EGF-induced ROS generation in MCF-
7 cells. Our data showed that, the generation of ROS was in-
creased dramatically upon treatment with EGF from 0 to 180
min (Fig. 1c). The role of EGF-induced ROS production was
further investigated by treatment with metformin or a scaven-
ger of ROS, NAC. Treatment of cells with metformin or NAC
prior to EGF diminished the production of ROS induced by
EGF treatment (Fig. 1d).

Metformin suppressed EGF-stimulated cell migration and
invasion in MCF-7 cells

Aberrant EGF/EGFR signaling has been described as a ma-
jor cause of breast cancer distant metastases [11]. Next, we
cultured MCF-7 cell line in the presence of EGF to examine
whether metformin could inhibit cellular migratory and in-
vasive abilities wound-healing assay and transwell invasion
assay. As shown in Figure 2a, the EGF induced-migration of
MCEF-7 cells was obviously inhibited by a 24 h treatment with
10 mmol/L of metformin. Metformin alone was also able to
inhibit the migration of breast cancer cells without EGF treat-
ment. To further examine the effect of metformin on the in-
vasive ability of MCF-7 cells, we used a transwell invasion
assay. The results showed that the number of cells invading
to the lower chamber was increased significantly after EGF
stimulation, while this EGF-induced invasive ability was ter-
minated when treated with metformin or NAC (Fig. 2b and
¢). These results indicate that metformin might be an effective
inhibitor of the migration and invasion of EGF-treated breast
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Figure 1. The effect of metformin on the growth and ROS generation of the human MCF-7 breast cancer cells. (a) MCF-7 cells
were incubated with various concentrations of metformin from 0 to 20 mmol/L for 24, 48 or 72 h to analyze the inhibition ratio for
cancer cell proliferation. *P < 0.05 versus the 0 mmol/L group. (b) MCF-7 cells were plated onto 96-well dishes and treated with
EGF (50 ng/mL) and metformin (0 - 20 mmol/L) for 48 h. The survival ratio of cells was assayed by an MTT test. *P < 0.05 versus
the control group. (c) Effect of EGF (50 ng/mL) on the generation of ROS in MCF-7 cells from 0 to 180 min. *P < 0.05 versus the
0 min group. (d) Effect of metformin and ROS inhibitor NAC on EGF-induced ROS generation. Cells were treated with 10 mmol/L
NAC or metformin, stimulated with EGF (50 ng/mL) for 120 min, and subjected to analysis of ROS production. *P < 0.05 versus

the control group; #P < 0.05 versus the EGF group.

cancer cells via suppression of the ROS production.

The inhibitory effect of metformin on EGF-induced EMT
in MCF-7 cells

EMT, a transition process in which epithelial cells acquire mes-
enchymal characteristics, contains four important steps: 1) loss
of epithelial cell adhesion; 2) gain of mesenchymal proteins; 3)
degradation of surrounding basement membranes and invasion
into stroma; and 4) penetrating the blood and lymph vessels
and entrance to the circulation [18]. We next examined wheth-
er metformin could inhibit EGF-induced EMT, which is highly
associated with cellular migratory and invasive abilities. As
shown in Figure 3a, exposure of MCF-7 cells to EGF resulted
in morphological alterations characteristic of EMT: after 48 h
treatment with EGF, cells displayed loss of cell polarity, loss of
cell-cell contact and elongation of cell shape. When EGF-stim-
ulated MCF-7 cells were treated with metformin, an obvious
morphological change from the spindle-shaped, mesenchymal
form to a rounded epithelial form of cells was observed.

We next determined the expression levels of EMT-related

genes after the cells were treated with EGF in the absence or
presence of metformin. As illustrated in Figure 3b, EGF down-
regulated the mRNA level of the epithelial marker E-cadherin,
while the expression of mesenchymal markers N-cadherin
and the transcriptional factor Snail were increased. Metformin
could reverse these EGF-induced effects in MCF-7 cells. We
also determined the expression of E-cadherin, N-cadherin and
Snail at protein level using western blotting. As shown in Figure
3¢, metformin could decrease the EGF-modulated EMT-related
factors at the protein level, and the trend was consistent with the
mRNA results. These results show that EGF-induced EMT in
MCEF-7 cells could be inhibited by metformin treatment.

Metformin down-regulated EGF-activated PI3K/Akt/ NF-
kB pathway

Several signaling cascades involving MAPK/ERK, PI3K/Akt,
and NF-kB have been reported to play key roles in EMT [8,
19]. EMT is associated with enhanced cellular invasion and
motility. As shown in Figure 4, the protein levels of p-Akt and
p-NF-xB were increased in MCF-7 cells with EGF treatment.
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Figure 2. The effects of metformin on EGF-induced migratory and invasive abilities of breast cancer cells. (a) Cell migratory abil-
ity was assessed by wound healing assays. A scratch was made across confluent monolayers using a sterile pipette tip. MCF-7
cells were treated with EGF (50 ng/mL) and/or metformin (10 mmol/L) and observed after 24 h. Migrated cells were monitored
using an inverted microscope with x 100 magnification. (b) A transwell invasion assay was used to quantify cell invasion. Cells
were seeded into upper chambers and incubated for 48 h in the presence of EGF (50 ng/mL) and/or metformin (10 mmol/L). (c)
Effect of NAC on EGF-induced cell invasion. Cells were seeded into upper chambers and incubated for 48 h in the presence of
EGF (50 ng/mL) and/or NAC (10 mmol/L). The invaded cells were photographed using an inverted microscope with x 200 mag-
nification. *P < 0.05 versus the control group. #*P < 0.05 versus the EGF group.

We also observed that both Akt and NF-kB phosphorylation
levels were strongly decreased with the addition of metformin
or NAC, which indicated that metformin could inhibit EGF-
induced PI3K/Akt and NF-kB signaling pathway and ROS
was involved in this process. In addition, LY294002 could
suppress the expression of p-NF-«kB, which means that NF-«xB
is modulated by the Akt pathway. Taken together, our results
demonstrate that metformin inhibits EGF-induced EMT which
might be related with PI3K/Akt/NF-kB signaling pathway in
MCEF-7 cells.

The effect of the PI3K/Akt signaling pathway on EGF-
induced invasion and migration in MCF-7 cells

To further assess whether the PI3K/Akt signaling pathway
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plays vital roles in breast cancer migration and invasion, the
PI3K inhibitor LY294002 was used in the experiment. The re-
sults showed that the EGF-induced cell motility was signifi-
cantly inhibited after the addition of LY294002 for 24 h (Fig.
5a). EGF-induced invasive ability was also terminated when
treated with LY294002, which suggested that the PI3K/Akt
signaling pathway is involved in breast cancer migration and
invasion. Additionally, EGF/EGFR system has been known to
be able to activate its downstream signaling pathways such as
ERK and PI3K/Akt pathways [20]. In order to clarify whether
EGF-induced cell migration and invasion was related with
EGFR activation, we used AG 1478, an EGFR inhibitor next.
Our result showed that EGFR inactivation by AG 1478 could
also reverse EGF-induced cell migratory and invasive abilities.
Taken together, these findings indicate that metformin could
suppress EGF-induced breast cancer cell migration, invasion
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Figure 4. The effects of metformin on EGF-activated PI3K/Akt/NF-kB pathway. Breast cancer cells were pretreated with or with-
out 10 mmol/L metformin (a) or NAC (b) for 24 h and then exposed to 50 ng/mL EGF to evaluate the phosphorylation levels of
Akt and NF-kB via Western blotting. (c) Cancer cells were treated with LY294002 (10 pmol/L) and the activation of Akt and NF-kB
were assessed via western blotting.
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by wound healing assays. Migrated cells were monitored using an inverted microscope with x 100 magnification. (b) Cancer cells
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photographed using an inverted microscope with x 200 magnification. *P < 0.05 versus the control group; #P < 0.05 versus the

EGF group.

and EMT through the inhibition of the PI3K/Akt pathway.

Discussion

Breast cancer, the most frequently diagnosed tumor type and
the common leading cause of cancer deaths among females
worldwide, affects 1 out of 7 - 10 women [16, 21]. Multidrug
resistance is the major obstacle for its treatment improvement
[3]. Generally, up to 20% of elderly breast cancer patients suf-
fer from diabetes simultaneously [22]. Metformin, a widely
prescribed biguanide class oral anti-diabetic drug, has gained
increasing attention because of its potential anti-tumor effects
[23]. A recent study has proven that metformin can resensitize
multidrug-resistant breast cancer cells, promote 5-FU-induced
apoptosis, and reverse EMT phenotype of multidrug-resistant
breast cancer cells [3]. In this study, we focus on whether met-
formin is able to suppress EGF-induced cancer proliferation
invasion and EMT and its underlying mechanism.

ROS are oxygen-containing molecules that have high re-
activity. Clinically, high ROS breast cancer was significant-
ly associated with advanced cancer by AJCC stage, lymph
node metastasis, and Nottingham grade [24]. In the process
of EMT in malignant tumors, ROS, E-cadherin and vimentin
genes play an important role. Our data showed that EGF could
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modulate the expression of ROS, E-cadherin and vimentin in
MCEF-7 cells, which further enhanced the capacity of the breast
cancer MCF-7 cells to develop EMT and increase migratory
and invasive ability.

Metformin was able to terminate these effects of EGF.
In addition, we also tested the effects of EGF and metformin
on the activation of NF-«kB and Akt. Data showed that EGF
significantly increased the expression levels of p-NF-kB and
p-Akt in MCF-7 cells, whereas metformin resulted in an in-
hibition of PI3K/Akt/NF-kB pathway. Furthermore, the PI3K
inhibitor, LY294002 and the EGFR inhibitor (AG 1478) could
also attenuate cell migration and invasion induced by EGF.

Long-term observations and clinical trials have demon-
strated decreased cancer incidence and mortality in breast
cancer patients taking metformin [25]. It was reported that a
40-50% reduction in breast cancer diagnosis was observed in
new metformin users of diabetic women, when followed for
up to 10 years [26]. A recent meta-analysis showed that the use
of metformin in diabetic patients diagnosed with cancer was
associated with a decrease in risk of breast cancer (RR = 0.70)
[27]. Our previous retrospective clinical study showed that
metformin is associated with luminal breast cancer and can in-
hibit the invasion and metastasis of breast cancer [28]. Many
in vitro and in vivo studies using mouse xenograft models have
proven that metformin exerts anti-tumor activity via inhibition
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of cancer cell proliferation, promotion of cancer cell apoptosis,
suppression of tumor cell migration and invasion, decreasing of
tumor angiogenesis, cooperating with chemotherapeutic drugs
as well as immunomodulation [29-32]. Queiroz et al [31] re-
cently showed that metformin could suppress the proliferation
of breast cancer MCF-7 cells by promoting cell cycle arrest in
the GO-G1 phase, inhibiting cyclin D1 and leading to cell apop-
tosis and cell death, which were associated with oxidative stress,
AMPK and FOXO3a activation. Liu et al [32] proved that met-
formin inhibited triple negative breast cancer cell proliferation
via S phase cell cycle arrest. Angiogenesis is a fundamental
event in the process of tumor growth [33]. Metformin treatment
has also been proven to decrease tumor angiogenesis via tar-
geting of epidermal growth factor receptor-2 (HER2)/hypoxia
inducible factor la (HIF-1a)/vascular endothelial growth fac-
tor (VEGF) secretion axis [29]. In addition, metformin poten-
tiates the immune system by inhibiting immune exhaustion of
CD8* tumor-induced lymphocytes, thus enhancing the immune
response mediated by T cell to cancer cells [30]. In the current
study, we found that metformin could inhibit EGF-induced
breast cancer cell proliferation, invasion and migration.

EMT, an important phenomenon that governs metastasis
during cancer progression, is a transition process in which
epithelial cells acquire mesenchymal characteristics. The hall-
marker of the EMT is the loss of cellular polarity and epithe-
lial markers (E-cadherin) and the acquisition of mesenchymal
markers (vimentin and N-cadherin) and invasive property as
well as the up-regulation of associated transcriptional regula-
tors (Snail, Twist) [6]. EMT facilitates tumor migration from
the origin site and dissemination to distant tissues. EMT is also
associated with the evasion of apoptosis and senescence and
anoikis resistance in breast cancer cells [34, 35]. The stimu-
lation of cancer cells with various growth factors, such as
transforming growth factor beta (TGF-B) and EGF, can induce
EMT and ultimately increase cell migration and metastasis [8,
20]. EGF/EGFR system is implicated in regulating mammary
gland morphogenesis and development, while aberrant EGF/
EGFR system and its downstream signaling pathways includ-
ing PI3K/Akt and ERK pathways are associated with breast
cancer progression [9, 20]. The activation of Racl and genera-
tion of ROS might be involved in EGF-induced tumor invasion
[36]. Our study also proved that EGF was able to promote the
development of EMT in breast cancer cells, which could be
terminated by metformin. Other study shows that high EGFR
tumors attract immune cells (anti-cancer immune cells) and are
associated with high expression of immune checkpoint mole-
cules, especially the ER-positive/HER2-negative breast cancer
subtype [37]. Therefore, we use EGFR monoclonal antibody
to treat metastatic breast cancer with poor efficacy, while we
inhibit the downstream signaling of EGF/EGFR pathway and
have better efficacy.

Metformin has been proven to exert its anti-cancer ac-
tion via AMPK-dependent and/or AMPK-independent mecha-
nisms. AMPK, a highly conserved serine/threonine heterotri-
meric protein kinase consisting of one catalytic (o) and two
regulatory (B and y) subunits, plays an important role in regu-
lating metabolic pathways, such as gluconeogenesis, protein
and fatty acid synthesis [38]. In cancer cells, the stimulation
of AMPK by metformin resulted in the inhibition of tumor
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growth and invasion [31]. AMPK is linked with the PI3K/Akt
and MAPK/extracellular signal-regulated kinases (ERK) cas-
cades [16]. Banerjee et al [39] recently showed that metformin
could attenuate ERK signaling by activating AMPK pathway
leading to the suppression of transcriptional factors Snail and
Slug, which further result in the upregulation of E-cadherin.
Chou et al [40] also proved that AMPK plays an important
role in regulating EMT in breast cancer cells by upregulating
Foxo3a signaling through an Akt-dependent mechanism. Our
result showed that metformin could inhibit EGF-induced EMT
in MCF-7 cell via PI3K/Akt/NF-kB pathway.

In conclusion, the current study demonstrates that met-
formin plays an important role in inhibiting EGF-induced
proliferation, migration, invasion and EMT of breast cancer
cells in vitro by blocking the PI3K/Akt/NF-«kB pathway. These
results suggest that metformin might be a potential anti-cancer
agent for the treatment of breast cancer.
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