
Abstract. Background/Aim: Epidermal growth factor receptor
(EGFR) has been suggested to play an important role in
survival, proliferation, migration, differentiation, and
tumorigenesis of many cell types. Breast cancer patients with
high EGFR expression have a poor prognosis. In this study, we
investigated the molecular mechanism of the inhibitory effect
of isochlorogenic acid c (ICAC) extracted from Lonicera
japonica on elevated EGFR levels of the triple-negative breast
cancer (TNBC) cell line, MDA-MB-231. Materials and
Methods: The cell viability and cell-cycle analysis were
evaluated using 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-
tetrazolium bromide (MTT) assay and flow cytometry,
respectively. The migration ability and invasiveness of ICAC-
treated MDA-MB-231 were examined by migration and
Matrigel invasion assay. The epithelial-mesenchymal-transition
(EMT)-related protein expression was examined by western
blotting and reverse transcriptase-polymerase chain reaction

(RT-PCR). Results: ICAC led to significant morphological
changes and suppressed migration and invasion capacities of
highly metastatic MDA-MB-231 cells. Western blot analysis for
EGFR/EMT-associated proteins suggested that ICAC
attenuated the mesenchymal traits as observed by up-
regulation of epithelial markers and down-regulation of
mesenchymal markers as well as decreased activities of matrix
metalloproteinase-9 (MMP-9). Conclusion: These results
suggested that the inhibitory effects of ICAC against EGFR-
induced EMT and MDA-MB-231 cell invasion were dependent
on the EGFR/ phospholipase Cγ (PLCγ)/extracellular
regulated protein kinase ½ (ERK½)/slug signaling pathway.
Therefore, the obtained results could provide us clues for the
next therapeutic strategy in the treatment of TNBC.

Triple-negative breast cancer (TNBC) is classified as a
poorly differentiated and aggressive type of tumor.
Approximately 12% to 17% of women with breast cancer
belong to TNBC (1). TNBC is characterized by tumors that
can not express estrogen receptor (ER), progesterone
receptor (PR) and lack human epidermal growth factor
receptor type 2 (HER2, also known as ErbB2 or Neu)
overexpression. Therefore, treating TNBC patients is pretty
difficult due to the absence of a suitable target. Therapy for
TNBC is limited to conventional chemotherapy; however,
relapse leading to poor clinical outcome occurs frequently
because of high rates of metastasis and general inaccuracy
of chemotherapy (2, 3). This may be due to its high level of
molecular heterogeneity that is the main reason why TNBC
cannot be effectively treated.
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Epidermal growth factor receptor (EGFR) is a
transmembrane tyrosine kinase that belongs to the
HER/ErbB protein family. EGFR could be expressed in
multiple types of cancer cells, including breast and lung
cancers, which correlates with tumor development,
progression and prognosis (4-6). The patients with EGFR-
mutated lung adenocarcinoma seemed to have a longer
overall survival (OS) than those with wild-type EGFR (6).
EGFR mutation testing is considered to be helpful for
increasing the number of patients with lung adenocarcinoma
eligible for targeted therapy (7). Patients harboring EGFR
mutations seemed to benefit more from the association of
treatment outcomes in non-small cell lung cancer (NSCLC)
with metastasis (8). EGFR and its downstream signaling
pathways promote many cellular events considered hallmarks
of cancerous behaviors in cells; including cell proliferation,
survival, epithelial-to-mesenchymal transition (EMT),
migration, invasion, tumor progression and drug resistance
(9). TNBC cells are frequently expressed with high levels of
EGFR and constitutive activation of MAPK signaling
pathways (10-12). EGFR is one of the potential therapeutic
targets for TNBC. However, EGFR-targeted therapies,
including small molecular tyrosine kinase inhibitor (TKI)
and monoclonal antibody (mAb), have failed due to low
response rates in the clinical trials (13). Thus, discovering a
therapeutic strategy and reducing the risk of disease
progression for patients with TNBC is very important.

Isochlorogenic acid c (ICAC), a di-O-caffeoyl derivative
of chlorogenic acid (ChA), is isolated from the buds of
Lonicera japonica and Cynara scolymus L. (globe artichoke)
(14, 15). Previous reports have demonstrated that artichoke
extracts (AEs) exhibited antitumor effects, such as triggering
apoptosis and decreasing the motility and invasive activity
on human breast cancer cell line, MDA-MB-231 (isolated
from pleural effusions of a breast cancer patient) (16).
However, the exact anti-tumor components of AEs and the
mechanisms involved in reducing invasiveness are largely
unknown. The potential effects of ChA and its derivatives,
the most representative components of AEs, against MDA-
MB-231 cells is not fully elucidated. 

In order to find novel compounds from the derivatives of
ChA to promote the goal of the development of drugs against
TNBC, we previously screened several components from the
derivatives of ChA. Using this approach, we successfully
identified that ICAC could change cell morphology,
migration and invasion of MDA-MB-231 cells in a dose-
dependent manner. We sought to elucidate the mechanisms
by which ICAC regulates the expression and activity of
EGFR signaling pathway, thereby contributing to TNBC
metastasis. We found that the levels of phosphorylation of
EGFR and extracellular signal regulated kinase1/2 (ERK1/2),
a downstream signaling molecule of EGFR, were greatly
suppressed by treatment with ICAC in MDA-MB-231 cells.

In addition, we observed that treatment of MDA-MB-231
cells with ICAC significantly inhibited EMT, which was
rescued by EGF administration. Further biochemical assays
confirmed that ICAC down-regulates EGFR phosphorylation
in MDA-MB-231 cells along with cellular EMT through
EGFR/phospholipase Cγ (PLCγ)/ERK½/Slug signaling
pathway. Therefore, we suggest that ICAC blocks the EGFR
signaling pathway and may be used as an effective drug for
the inhibition of metastasis of TNBC.

Materials and Methods

Chemicals and antibodies. ICAC and its derivatives were purchased
from ChemFaces (Wuhan, P.R China) and dissolved in methanol to
produce a stock solution. 3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-
2H-tetrazolium bromide (MTT), propidium iodide (PI) and Giemsa
stain solution were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Antibodies against EGFR, phospho-Tyrosine (P-Tyr-1000),
phospho- PLCγ (pPLCγ), PLCγ, phospho-MAPK family antibody
sampler kit/ MAPK family antibody sampler kit, slug, vimentin, E-
cadherin, and related secondary antibodies were purchased from Cell
Signaling Technology (Beverly, CA, USA). β-actin antibody and
radio immunoprecipitation assay (RIPA) lysis buffer were purchased
from Santa Cruz Biotechnology (Dallas, TX, USA).

Cell culture. Cancer cells from human breast, namely, MDA-MB-
231, Hs578T, MCF-7 and SKBR3 cells were included in this study.
The cells were obtained from the Bioresources Collection and
Research Center, Food Industry Research and Development Institute
(BCRC, Hsinchu, Taiwan). These cells were maintained in medium
(Hyclone Laboratories, Logan, UT, USA) specific to each cell line
with containing 10% fetal bovine serum (Gibco, Carlsbad, CA,
USA), 100 units/ml penicillin, 100 μg/ml streptomycin (Invitrogen,
Carlsbad, CA, USA), and 100 μM non-essential amino acids
(Gibco, Carlsbad, CA, USA) in a humidified atmosphere containing
5% CO2 at 37˚C. 

RNA isolation and RT-PCR analysis. Total RNA was isolated from
cells using Trizol reagent as described by the manufacturer
(Thermo, West Palm Beach, FL, USA). RT-PCR assay was
performed according to Chang et al. (17). The sequences of specific
primers were as follows: MMP-2 sense, 5’-TCTCCTGACATTGAC
CTTGGC-3’, and MMP-2 antisense: 5’-CAAGGTGCTGGCTGAG
TAGATC-3’; MMP-9 sense, 5’-TTGACAGCGACAAGA AGTGG-
3’, and MMP-9 antisense, 5’-CCCTCAGTGAAGCGGTA CAT-3’;
GAPDH sense, 5’-GGCCTCCAAGGAGTAAGACC-3’, and
GAPDH antisense: 5’-AGGGGTCTACATGGCAACTG-3’. The RT-
PCR products were identified by 2% agarose gel electrophoresis.

Cell viability, migration and invasion assays. Cell cytotoxicity and
viability were determined by measuring the activity of
mitochondrial malate dehydrogenase (mMDH) with MTT assay
(18). Basically, cells were seeded in 24-well plates at 1×104
cells/well and cultured in DMEM containing 10% FBS at 37˚C. Cell
proliferation was determined at 48 h after seeding by adding MTT
and incubating the cells further for 3 h.

Migration assay was performed using the ibidi Culture-Insert
(ibidi GmbH, Munich, Germany) and Millicell 24-well hanging
inserts with 8 mm PET membranes (EMD Millipore, Billerica, MA,
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USA). The ibidi Culture-Insert was mainly developed to replace
classical scratch assays. Silicon inserts, placed on a cell culture
surface, provide two cell culture reservoirs. These two chambers are
separated with a 500 μm thick wall. For Millicell hanging cell
culture inserts, the lower compartment was filled with DMEM
containing 20% FBS. Cells with ICAC treatment were placed in the
upper part of the chamber and incubated for 16 h. After incubation,
the cells were fixed with methanol and stained with crystal violet
for 1 h. The cells on the upper surface of the filter were removed
with a cotton swab. The filters were then rinsed in distilled water
until no additional stain leaching was observed. The cells were then
air-dried for 15 min. The migratory phenotypes were determined by
counting the cells that migrated to the lower side of the filter
through microscopy at 100× magnification. For each membrane, a
total of 4 fields were selected at random and counted, and each
sample was assayed in triplicate.

The invasion assay was performed using Millicell 24-well
hanging inserts. The upper side was pre-coated with 10 μg/ml
Matrigel (BD Biosciences, Bedford, MA, USA). Cells with ICAC
treatment were placed in the upper part of the chamber and
incubated at 37˚C for 24 h. The experimental procedures were
identical to the migration assay procedures.

Cell cycle and apoptosis analysis. After treatment, cells were
washed twice with phosphate-buffered saline (PBS; Invitrogen,
Carlsbad, CA, USA) and then fixed in 70% ethanol overnight at -
20˚C. Fixed cells were stained with a solution containing 10 μg/ml
of propidium iodide (PI; Sigma, St. Louis, MO, USA), 100 μg/ml
of RNase A (Sigma, St. Louis, MO, USA) and 0.1% Triton X-100
(Sigma, St. Louis, MO, USA) at 37˚C in the dark. After 30 min, cell
cycle distribution was performed using FACScan (BD Biosciences,
Bedford, MA, USA) flow cytometry. For apoptosis assay, MDA-
MB-231 cells with ICAC treatment were assessed using the
Annexin V-FITC/7-AAD kit (Beckman Coulter, CA, USA). The kit
is an apoptosis detection product based on the binding properties of
Annexin V to phosphatidylserine (PS) and on the specificity of 7-
amino-actinomycin D (7-AAD) for DNA guanine-cytosine base pair.

Co-immunoprecipitation and immunoblotting analysis. For co-
immunoprecipitation, cells were lysed with cold lysis buffer (142.5 mM
KCl, 5 mM MgCl2, 10 mM HEPES [pH7.2], 0.2 % Nonidet P-40
(NP-40), and 1 mM EGTA) containing 2 mM phenylmethyl-
sulfonyl fluoride (PMSF), 2 μg/ml aprotinin, 2 μg/ml leupeptin,
1mM NaF, and 1 mM Na3VO4. Lysates were then centrifuged at
16,000 ×g for 10 minutes at 4˚C. Equal amounts of protein extracts
were subjected to immunoprecipitation and immunoblotting analysis
following methods described previously (19). Approximately 
500 μg of lysates were subjected to immunoprecipitation with
specific antibodies. After incubating overnight at 4˚C, the specific
proteins or peptides were precipitated with protein A/G sepharose
beads (Thermo, West Palm Beach, FL, USA) and purified using
according to the manufacturer’s protocol. 

For Western blotting, cells were lysed in RIPA buffer containing
protease and phosphatase inhibitors (Roche, Mannheim, Germany).
Equal amounts of protein extracts were subjected to immunoblot
following methods described previously (19).

Statistical analysis. The data are expressed as mean±standard errors
(SE) of three independent experiments and were analyzed by ANOVA.
Pearson’s chi-squared test and Student’s t-test were used in two-group
comparisons. p<0.05 was considered as statistically significant.

Results

Basal EGFR expression level is high in TNBC cells. Activation
of EGFR-induced signaling pathway has been correlated with
cancer metastasis in various tumors (20). To evaluate whether
EGFR status is associated with the mortality of TNBC, we
compared the OS and different EGFR expression levels in
patients with TNBC. The expression data of 355 TNBC
patients including 117 EGFR-high and 138 EGFR-low patients
from Kaplan-Meier plotter microarray database (http://
kmplot.com/analysis/index.php?p=service&cancer=breast) was
downloaded and performed with univariate analysis (Kaplan-
Meier method). As shown in Figure 1A, we found that clinical
EGFR expression had significant associations with the OS
(p<0.05). 

Immunoblot analysis showed that EGFR level was
significantly higher in TNBC (MDA-MB-231 and Hs578T)
cells than in non-TNBC (MCF-7 and BT-474) cells (Figure
1B). EMT is one of the major mechanisms involved in breast
cancer metastasis. Next, the protein levels of EMT-related
markers, including slug, vimentin, and E-cadherin were
examined. As shown in Figure 1B, the levels of slug and
vimentin protein expression increased significantly in TNBC
cells compared with that in non-TNBC cells. In comparison
with MCF-7 and BT-474 cells, decreased protein level of E-
cadherin was observed in the MDA-MB-231 and Hs578T
cells. These findings suggest that a high EGFR expression is
associated with the enhanced invasiveness and metastasis of
BC cells. Moreover, EGFR is considered a potential
therapeutic target and negative prognostic biomarker in
TNBC (21). In addition, there is no effective therapy for
estrogen-independent breast cancer. We sought to focus on
MDA-MB-231 cells, expressing the highest level of EGFR
protein, which provided the interpretation for testing ChA
and its derivatives against highly invasive breast cancer
phenotypes.

ICAC alters morphology but cannot affect growth, apoptosis,
and cell cycle distribution of ICAC-treated MDA-MB-231
cells. To find a particular compound with a novel antitumor
mechanism against TNBC, we screened several compounds
of ChA and its derivatives. As shown in Figure 2A, vehicle-
treated MDA-MB-231 cells displayed a fibroblast-like
morphology. However, they showed a cobblestone/epithelial-
like morphology after treatment with ICAC for 48 h.
Proliferation is important for tumor invasion. To determine
the effect of ICAC treatment on the viability of MDA-MB-
231 cells, MTT assay was performed. ICAC-treated MDA-
MB-231 cells did not influence cell viability within 24 and
48 h (Figure 2B). To determine whether the apoptotic effect
could be observed in ICAC-treated MDA-MB-231 cells,
apoptotic cell death was assessed by flow cytometry assay
after double staining with Annexin V and 7-AAD. Our data
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showed that ICAC did not cause a significant change in
apoptotic index in MDA-MB-231 cells compared with the
control (Figure 2C). In order to evaluate whether ICAC
affected cell cycle distribution of ICAC-treated MDA-MB-
231 cells, we performed FACS analysis at 48 h after ICAC
treatment. Cell cycle analysis showed that ICAC had no
effect on alteration of cell cycle progression in MDA-MB-
231 cells (Figure 2D). Based on these results, ICAC have no
effect on growth, apoptosis, and cell cycle distribution of
MDA-MB-231 cells.

ICAC induces mesenchymal-epithelial transition (MET) in
MDA-MB-231cells. The distinct morphology evident in
MDA-MB-231 cells treated with ICAC was reminiscent of
cells that have undergone MET (Figure 2A). To investigate
this possibility, we examined the expression of mesenchymal
and epithelial markers associated with MET (22). Cells
treated with ICAC displayed a decreased expression of
mesenchymal markers, including slug and vimentin, as well
as an increased expression of the epithelial marker, E-
cadherin, in a dose-dependent manner whereas control cells
resembled parental cells (Figure 3A). When MET is in
progress, the mesenchymal cells tend to have an epithelial
morphology, hence the expression of mesenchymal markers
decreases and expression of epithelial markers increases.
Both the morphological and the molecular changes suggested
that MDA-MB-231cells might undergo  reversal of EMT
with exposure to ICAC than in control cells. Cell migration

and invasion are indispensable in tumor metastasis, so both
migration and invasion assay were performed to evaluate the
role of ICAC in this process. As shown in Figure 3B, the
result of the wound healing assay showed that ICAC retarded
significantly MDA-MB-231 cell migration. Next, the
invasive potential of MDA-MB-231 cells in the Matrigel-
coated Boyden chamber was analyzed in the absence or
presence of ICAC. The number of MDA-MB-231 cells
exposed to ICAC that moved through the membrane of the
Matrigel chamber was about 76% less than that of control
cells (Figure 3D). In addition, ICAC reduced the migration
ability of MDA-MB-231 cells as proven by a 71% decrease
in cell movement (Figure 3C). These findings indicate that
ICAC reduces the invasive capacity and migration ability of
MDA-MB-231 cells. 

Down-regulation of EGFR phosphorylation by ICAC.
Expression and phosphorylation of EGFR in tumor samples
have been reported to correlate with tumor stage,
progression, and metastasis (23). In order to clarify the
involvement of ICAC in EGFR signaling pathway in MDA-
MB-231 cells, cells were treated with the indicated
concentration of ICAC for 48 h. Here, we would analyze
several major components of signaling pathways
downstream of the EGFR including MAPK, PLC, and PI3K
which have demonstrated as having potential effects in EMT
(24-26). As shown in Figure 4A, the phosphorylation of
EGFR and its downstream signaling molecule PLCγ and
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Figure 1. Basal EGFR, slug, and vimentin expression levels were increased in TNBC cells. (A) Survival curve for different EGFR expression levels
in patients with TNBC were analyzed using Kaplan-Meier plotter microarray database. (B) Immunoblotting analyses and correlations of EGFR and
EMT markers expression in human breast cancer. The results are representative of three independent experiments.



ERK1/2 were down-regulated with ICAC treatment. By
contrast, the ICAC-treated proteins expression including
PI3K signaling pathway were not altered (data not shown). 

ICAC attenuates the expression of MMP-9 in MDA-MB-
231cells. Previous studies have shown that matrix
metalloproteinases (MMP)-2 and -9 play an important role
in breast cancer metastasis through the degradation of the
extracellular matrix (ECM) (27). To examine whether ICAC
regulates invasion by altering the expression of MMP-2 and
MMP-9, RT-PCR analysis demonstrated that the mRNA
levels of MMP-9 were inhibited in MDA-MB-231 cells in
response to ICAC treatment (Figure 4A). At 50 μM, ICAC
significantly down-regulated MMP-9 expression. In contrast,

there was no difference in MMP-2 mRNA levels (data not
shown). These results indicate that ICAC could suppress the
transcription of MMP-9 gene in MDA-MB-231 cells.

EGF rescues the down-regulating EGFR phosphorylation
signaling pathway by ICAC. A previous study reported that
EGF stimulates a strong migratory response in MDA-MB-
231 cells (28). To verify the effect of ICAC on EGF/EGFR
signaling pathway in MDA-MB-231 cells pretreated with
ICAC, were incubated with EGF . Our data showed that the
phosphorylation of EGFR and downstream signaling proteins
including PLC γ and ERK1/2 were increased by EGF
treatment (Figure 4B). We also found that treatment with
EGF could sufficiently rescue not only the mesenchymal
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Figure 2. Morphological changes of ICAC-treated MDA-MB-231 cells. (A) Images captured using phase-contrast microscopy revealed changes in
morphology from spindle shaped (control) to cobblestone/epithelial-like (ICAC) in MDA-MB-231 cells with ICAC treatment. (B) The effect of
treatment with vehicle (control) or ICAC on cell proliferation for 24 and 48 h was determined by the MTT assay. Absorbance values obtained from
MDA-MB-231 cells treated with vehicle were taken as 100%. (C) Analysis of apoptosis in ICAC-treated MDA-MB-231 cells by FACS. The viable
cells are Annexin V− 7AAD− (Q3). The early apoptotic cells are Annexin V+ 7AAD− (Q4). The late apoptotic cells are Annexin V+ 7AAD+ (Q2).
(D) Flow cytometry of ICAC-treated MDA-MB-231 cells assessed for their distribution in the cell cycle. Values are means±SE of the percentage of
cells in the subG1 (white bars), G0/G1 (light gray bars), S (dark gray bars) and G2/M (black bars) phases of the cell cycle. Data are representative
of three independent experiments.



markers, including slug and vimentin, but also the epithelial
marker, E-cadherin. These results show that ICAC exerts its
anti-EMT effect by altering EGFR signaling pathway in
MDA-MB-231 cells. EGF has also been shown to induce
MMP-9 expression through ERK1/2-dependent pathway in
breast cancer cells (29). Therefore, we assessed whether EGF
could influence the effect of ICAC-reduced MMP-9
expression. ICAC-reduced MMP-9 expression was rescued
by EGF (Figure 4B). Altogether, our results suggested that
ICAC modulates the EMT process through the inhibition of
the EGFR signaling pathway in MDA-MB-231 cells.

Discussion

ICAC, one of the phenolic phytochemicals, extracted from
plants including artichoke and Lonicera japonica. Although
ICAC has been implicated in antiviral potency, its underlying
molecular mechanisms in tumorigenesis remain unclear and
should be investigated (30). Recent studies have shown that
natural phytochemicals containing phenolic compounds have

antitumor and anti-metastatic properties (16). A number of
studies have shown certain plant extracts, rather than a single
compound, had significant cancer chemopreventive
properties. In contrast to those studies, the purpose of this
study was to improve our understanding over the biological
role and molecular mechanisms of single phytochemical with
potential antitumor effect on TNBC cells. Because of the
absence of a suitable target (ER–), there is no effective
therapy for TNBC patients. Developing a new therapeutic
manner for TNBC is absolutely necessary. 

In the present study, we have found the molecular
mechanisms supporting the antitumor activities of ICAC
from the derivative of ChA on a human TNBC cell line. We
provided an assay for testing ICAC as a chemopreventive
agent against invasive and hormone resistant breast cancer
phenotypes. Finally, we demonstrated that ICAC attenuated
the migratory capability, in which, EGFR-mediated down-
regulation of PLCγ, ERK1/2, and MMPs signal pathways
were involved, and then having an anti-metastatic effect by
attenuating the mesenchymal traits.
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Figure 3. ICAC induces mesenchymal-epithelial transition (MET) in MDA-MB-231cells. (A) Immunoblotting analysis of slug, vimentin, and 
E-cadherin expression in ICAC-treated MD-MB-231 cells. Cells were treated with vehicle or increasing concentrations of ICAC (3.125 to 50 μM)
for 48 h, then whole-cell extracts were subjected to western blot analysis for slug, vimentin, E-cadherin, and β-actin (loading control) proteins,
respectively. (B) Confluent culture of MDA-MB-231 cells were wounded by using the ibidi Culture-Insert and the cells were treated without and
with indicated concentrations of ICAC. The wound was photographed with an inverted microscope. In vitro migration (C) and invasion (D) capacities
of the MDA-MB-231 cell line upon treatment with ICAC. MDA-MB-231 cells were treated with 50 μM ICAC. After treatment, these cells were
allowed to migrate through uncoated transwells for 16 h (C) or invade through Matrigel-coated transwells for 24 h (D). The number of cells at the
bottom of the transwell filters was counted at the end of each assay. Results are presented as means±SE from three independent experiments,
performed in duplicate, all versus control (cells treated with methanol, vehicle).



The cytotoxicity of ICAC was evaluated in the MDA-MB-
231 cell model. MDA-MB-231 cells, which are highly
aggressive TNBC cells, were chosen as a cellular model to
assess the antitumor effects of ICAC. ICAC-treatment
resulted in increased expression of epithelial markers and
decreased expression of mesenchymal markers in MDA-MB-
231 cells. As these cells normally show increased expression
of mesenchymal markers in culture, it seems that ICAC-
treatment causes the mesenchymal to epithelial switch by
reduction of mesenchymal markers and induction of
epithelial markers. The results indicated that ICAC
effectively reduces the migration and invasion of TNBC
cells, but could not have an effect on non-TNBC cells (data
not shown). Experimentally-induced EMT was reduced
following exposure of MDA-MB-231 cells to ICAC or EGF
as evidenced by modulation in the expression levels of EMT-
markers. Treatment with EGF could rescue the EMT
phenotype, which allows tumor cells to obtain the ability to
migrate and to invade adjacent tissues. Tumor metastasis,
including cell adhesion, proteolytic degradation of
extracellular matrix (ECM) and cell migration, is critically

associated with the acquisition of an EMT phenotype (31).
Therapy for metastasis is based on the blocking of one of
these pathways. In addition, there is evidebce that cell
surface receptors mediate tumor metastasis . Cell surface
receptors are mostly overexpressed and up-regulated in
transformed cells. EGFR is frequently up-regulated in breast
cancer or metastatic breast cancers, especially in TNBC (32).
Furthermore, EGFR is constantly overexpressed in metastatic
breast cancers (33). Activation of EGFR is associated with a
poor prognosis in several tumor types, including TNBC (34-
36). EGFR/p53 IHC phenotype appears to be associated with
prognosis in patients with operable TNBC receiving
conventional adjuvant chemotherapy (5). Therefore, EGFR
could be a therapeutic target for the treatment of TNBC.
EGFR is a transmembrane tyrosine kinase receptor member
that belongs to the HER/ErbB family. Phosphorylation of the
intracellular domain of EGFR activates downstream
signaling pathways including PLCγ, Ras, MAPK and
PI3K/Akt that lead to transcriptional regulation of genes
involved in cell proliferation, survival and drug resistance
(36, 37). PLCγ would be activated by EGFR tyrosine kinase
through its SH2 domains (38, 39). It has been indicated that
PLCγ implicates cell motility through modulating
cytoskeletal dynamics. PLCγ could associate with actin
filaments through its SH3 domain, and then modulate actin
assembly, functionally important steps in the regulation of
metastasis (38, 40). 

Metastasis is a complex progression involving several
stages, including invasiveness, intravasation, extravasation,
and growth in other organs. Tumor invasion across the ECM
is thought to be one of the critical stages. The ability of
tumor cells to degrade ECM components is associated with
the presence of cells with metastatic potential (41). Several
proteolytic enzymes, such as MMP-2 and MMP-9 (gelatinase
B, type IV collagenase), are thought to be involved directly
in the migration, invasion and metastasis of tumor cells, and
associated with the prognosis factor (42, 43). ERK1/2 has
been implicated in the modulation of EMT by
phosphorylation and activation of EMT participators in the
breast cancer cell (44, 45). ERK1/2 is involved in the
modulation of MMP-9 level in MDA-MB-231 cells (46). In
this study, endogenous MMP-9 mRNA expression was
markedly down-regulated in cells with exposure to ICAC.
This finding suggests that the down-regulation of MMP-9 is
involved in the ICAC-mediated reduction in cell migration
and invasion potential.

We found that ICAC-treatment significantly inhibited
EGFR phosphorylation and reduced the phosphorylation of
PLCγ, ERK1/2 and MMP-9 mRNA expression in MDA-
MB-231 cells. On the other hand, we did not observe any
effect on PI3K and Akt phosphorylation. These results might
indicate that PI3K/Akt signaling is not involved in ICAC-
mediated anti-metastatic effects.
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Figure 4. ICAC down-regulated the phosphorylation of EGFR that is
rescued by EGF in MDA-MB-231 cells. (A) Cells were treated with
vehicle or ICAC for 48 h, and then the protein expression was measured
by Western blot analysis. (B) Cells were pretreated with ICAC for 24 h,
and then they were co-treated with EGF for 24 h. The levels of each
protein expression were analyzed by western blotting. The results are
representative of three independent experiments.



Overall, our in vitro findings suggested that ICAC
restrained breast cancer cell migration and invasion, at least
in part, by down-regulation of EGFR/PLCγ/ERK½/slug
signaling and the reversal of EMT. In addition, ICAC also
suppressed the expression of MMP-9, which is a significant
enzyme for the degradation of ECM proteins such as type I
and IV collagen during invasion. Therefore, ICAC could be
further developed as an effective drug candidate against
tumor invasion and metastasis of human TNBC through
suppression of EGFR signaling.
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