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Abstract. Fibronectin (FN) plays a major role in cell adhe-
sion, migration and oncogenic transformation. Aberrant FN 
expression is associated with poor prognosis in various types 
of cancer, including breast cancer. In this study, we investi-
gated the effect of silibinin on the epidermal growth factor 
(EGF)-induced FN expression in triple negative breast cancer 
(TNBC) cells. Our data showed that the levels of FN mRNA 
and protein expression were dose-dependently increased 
by EGF in MDA-MB468 and BT20 breast cancer cells. 
Consequently, EGF-induced FN expression was decreased 
by the epidermal growth factor receptor (EGFR) inhibitors 
AG1478 and gefitinib. EGF-induced FN expression was also 
decreased by MEK1/2, PI3K and STAT3 specific inhibi-
tors. In the present study, we observed for the first time that 
EGF-induced FN expression was significantly decreased by 
silibinin treatment in TNBC cells. Furthermore, we found 
that silibinin suppressed the EGF-induced phosphorylation of 
STAT3 but not Erk and Akt. Taken together, silibinin down-
regulated EGF-induced FN expression through the inhibition 
of STAT3 phosphorylation in TNBC cells. Silibinin may be a 
promising anticancer drug for the treatment of TNBC.

Introduction

Triple negative breast cancer (TNBC) is an aggressive subtype 
comprising approximately 15-20% of breast cancer cases, 

with a poor overall prognosis (1). In particular, the level of 
epidermal growth factor receptor (EGFR) expression has been 
shown to be markedly increased in TNBC patients, compared 
to non-TNBC patients (1). EGFR is one of the HER family 
of receptors and regulates a number of biological responses, 
such as cell proliferation, invasion and maintenance of the 
malignant phenotype in breast cancer (2,3). Aberrant EGFR 
expression is associated with large tumor size, poor differentia-
tion and poor clinical outcomes in breast cancer patients (4,5). 
The EGF/EGFR signaling pathway triggers the process of 
epithelial-mesenchymal transition (EMT) to facilitate tumor 
cell invasion via the induction of mesenchymal markers 
including fibronectin (FN), Twist, and ZEB (6,7).

FN is a large adhesive glycoprotein of the extracellular 
matrix and plays an important role in cell adhesion, growth, 
migration, differentiation and oncogenic transformation (8-10). 
It has been shown to be involved in the development of various 
human cancer types (10,11). In breast cancer patients, the level of 
FN expression is higher in cases of TNBC (6). Elevated expres-
sion of FN contributes to poor clinical outcome in breast cancer 
patients (10,11). In addition, FN confers resistance to apoptosis 
induced by standard chemotherapeutic agents (12). However, to 
date, a correlation between the regulatory mechanism of EGFR 
and FN has not been fully elucidated in breast cancer.

Silibinin, the major active constituent of silymarin, is 
isolated from milk thistle seeds and exerts promising anti-
cancer efficacy against various cancer models, such as breast 
and lung cancer (13-15). In a previous study, we also reported 
that silibinin downregulates CD44 and MMP-9 expression 
through inhibition of EGFR phosphorylation in SKBR3 breast 
cancer cells (16). Thus, we decided to investigate the inhibitory 
effect of silibinin on the induction of FN expression through 
the EGF/EGFR signaling pathway in TNBC cells.

The aim of the present study was to evaluate the regula-
tory mechanism of silibinin on epidermal growth factor 
(EGF)‑induced FN expression in TNBC cells. EGF-induced 
FN expression was suppressed by the STAT3 inhibitor, 
Stattic. Silibinin also inhibited EGF-induced FN expression 
through the suppression of STAT3 activity in MDA-MB468 
breast cancer cells, leading to the conclusion that silibinin has 
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an inhibitory effect on the EGF/STAT3 signaling pathway, 
causing suppression of FN expression in TNBC cells. We 
demonstrated that silibinin may be a promising therapeutic 
drug for the treatment of TNBC.

Materials and methods

Reagents. T47D, ZR75‑1, MDA468 and BT20 human breast 
cancer cells were obtained from the American Type Culture 
Collection (Manassas, VA, USA). MCF7 and MDA‑MB231 
cells were obtained from the Korea Cell Line Bank (Seoul, 
Korea). Cell culture media (DMEM and RPMI-1640) and anti-
biotics were purchased from Life Technologies (Rockville, MD, 
USA). Fetal bovine serum (FBS) was purchased from HyClone 
(Logan, UT, USA). Rabbit monoclonal anti-t-EGFR, p-EGFR, 
t-Akt, p-Akt, t-Erk, p-Erk, t-STAT3, p-STAT3, and FN anti-
bodies were purchased from Epitomics (Burlingame, CA, USA). 
Mouse monoclonal anti-ERα and secondary horseradish peroxi-
dase (HRP)-conjugated antibodies were purchased from Santa 
Cruz (Santa Cruz, CA, USA). Gefitinib was purchased from 
Selleckchem (Houston, TX, USA). AG1478, U0126, LY294002 
and Stattic were purchased from Tocris (Ellisville, MO, USA). 
Silibinin was purchased from Sigma (St. Louis, MO, USA). EGF 
was purchased from R&D Systems (Minneapolis, MN, USA).

Cell cultures and chemical treatment. MCF7, MDA-MB231, 
MDA-MB468 and BT20 breast cancer cells were cultured in 
DMEM supplemented with 10% FBS, 100 IU/ml penicillin and 
100 µg/ml streptomycin. T47D and ZR75-1 breast cancer cells 
were cultured in RPMI-1640 supplemented with 10% FBS, 
100 IU/ml penicillin and 100 µg/ml streptomycin.

Cells were maintained in serum-free culture medium for 
24 h, then further incubated with the indicated concentrations 
of silibinin or various inhibitors, such as gefitinib, AG1478, 
U0126, LY294002, and Stattic, respectively. Cells were 
pretreated with silibinin or the other inhibitors for 60 min 
prior to treatment with EGF, then treated with EGF for 24 h.

Western blotting. The cell lysates were used in an immunoblot 
analysis for FN, EGFR, ER-α and β-actin. The proteins were 
boiled for 5 min in Laemmli sample buffer, then electrophoresed 
in 8% sodium dodecyl sulfate polyacrylamide (SDS-PAGE) 
gels. The proteins were transferred to polyvinylidene fluoride 
(PVDF) membranes, and the membranes were then blocked 
with 10% skim milk in Tris-buffered saline (TBS) with 0.01% 
Tween-20 (TBS/T) for 15 min. The blots were incubated with 
the indicated antibodies in TBS/T buffer at 4˚C overnight. The 
blots were washed 3 times in TBS/T and were subsequently 
incubated with an anti-rabbit HRP-conjugated antibody 
(1:2,000 dilution) in TBS/T buffer. After 1 h incubation at room 
temperature (RT), the blots were washed 3 times in TBS/T and 
ECLprime reagent was used for development.

Real-time polymerase chain reaction (PCR). The total RNA 
was extracted from the treated cells by using the TRIzol 
reagent  (Invitrogen, Carlsbad, CA, USA), according to 
the manufacturer's protocol. Isolated RNA samples were 
then used for RT-PCR. Samples (1 µg of total RNA) were 
reverse‑transcribed into cDNA in 20 µl reaction volumes using 
a first-strand cDNA synthesis kit for RT-PCR, according to the 

manufacturer's instructions (MBI Fermentas; Hanover, MD, 
USA).

The gene expression was quantified by real-time PCR 
using a SensiMix SYBR Kit (Bioline Ltd., London, England) 
and 100 ng of cDNA per reaction. The sequences of the primer 
sets used for this analysis were: human EGFR  (forward, 
5'-CAT GTC GAT GGA CTT CCA GA' and reverse, 5'-GGG 
ACA GCT TGG ATC ACA CT-3'), ER-α (forward, 5'-GAA 
TCT GCC AAG GAG ACT CG' and reverse, 5'-GGC AGC 
TCT TCC TCC TGT TT-3'), FN  (forward, 5'-CCA CCC 
CCA TAA GGC ATA GG' and reverse, 5'-GTA GGG GTC 
AAA GCA CGA GTC ATC-3') and GAPDH as an internal 
control (forward, 5'-ATT GTT GCC ATC AAT GAC CC-3' 
and reverse, 5'-AGT AGA GGC AGG GAT GAT GT-3'). An 
annealing temperature of 60˚C was used for all the primers. 
PCRs were performed in a standard 384-well plate format with 
an ABI 7900HT real-time PCR detection system (Foster City, 
CA, USA) For data analysis, the raw threshold cycle (Ct) value 
was first normalized to the housekeeping gene for each sample 
to get the ΔCt. The normalized ΔCt was then calibrated to the 
control cell samples to get the ΔΔCt.

Confocal microscopy. Human breast cancer MDA-MB468 
and BT20 cells grown on 4-well Lab-Tek chamber slides were 
allowed to adhere overnight and were then serum-starved for 
24 h before treatment with 50 ng/ml EGF and/or silibinin for 
24 h. Cells were fixed for 20 min in 4% paraformaldehyde and 
incubated at 4˚C overnight with an anti-FN antibody (B3/D6 
clone; DSHB, Iowa, IA, USA), then washed 3 times in PBS. 
Washed slides were incubated with Alexa Fluor 488-conju-
gated goat anti-mouse secondary antibody (1:50 dilution) for 
60 min at RT. Cells were then washed in PBS and slides were 
mounted in Vectashield H-1200/DAPI mounting media (Vector 
Laboratories, Burlingame, CA, USA). Confocal images were 
analyzed using an LSM700 confocal laser-scanning micro-
scope (Carl Zeiss, Germany).

Statistical analysis. Statistical values were determined using a 
Student's t-test. The data are presented as mean values ± SEM. 
All quoted P-values were two-tailed and P-values <0.05 were 
considered to indicate statistically significant differences.

Results

The basal levels of FN mRNA and protein expression are 
dose-dependently increased by EGF treatment in TNBC 
breast cancer cells. To investigate the relationship between 
EGFR and FN expression, we examined the level of EGFR in 
various breast cancer cells. The basal levels of EGFR and ER-α 
expression are shown in breast cancer cells in Fig. 1A and B. 
The basal-like breast cancer cells, MDA-MB468, BT20, and 
MDA-MB231, had a high level of EGFR mRNA expression 
(Fig. 1A). In contrast, the luminal type breast cancer cells, 
MCF7, T47D, and ZR75-1, showed overexpression of ER-α 
mRNA (Fig. 1A). Consequently, the levels of EGFR and ER-α 
protein expression in the basal and luminal breast cancer cells 
were also high, respectively (Fig. 1B). We selected two basal 
breast cancer cell lines, MDA-MB468 and BT20, to verify the 
effect of silibinin on EGF-induced FN expression. We treated 
the cells with the indicated concentrations of EGF for 24 h. 
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Our results showed that the level of FN mRNA expression 
was dose-dependently increased by EGF in MDA-MB468 
cells (Fig. 1C). The level of the FN mRNA expression was 
significantly increased by 4.2±1.1-fold, 5.1±1.1-fold, and 
6.8±0.4-fold of the control levels with EGF concentrations 
of 10, 25 and 50 ng/ml, respectively (Fig. 1C). Treated under 
the same conditions, the level of FN protein expression was 
also shown to be increased in both MDA-MB468 and BT20 
cells (Fig. 1D). Based on these results, we demonstrated that 
EGF triggers expression of both FN mRNA and FN protein 
in TNBC cells.

EGF-induced FN expression is decreased by EGFR inhibitors, 
gefitinib and AG1478, in TNBC cells. We examined the effects 
of the EGFR inhibitors gefitinib and AG1478 on EGF-induced 
FN expression in TNBC cells. Cells were pretreated with 
either 10 µM gefitinib or 10 µM AG1478 for 60 min and were 
then treated with 50 ng/ml of EGF for 24 h. EGF significantly 
increased the level of FN protein expression in MDA-MB468 
and BT20 cells (Fig. 2A). However, EGF-induced FN expres-
sion was reduced by treatment with gefitinib and AG1478, 
respectively, in cell culture media (Fig. 2A). Under the same 
conditions, EGF-induced FN mRNA expression was signifi-
cantly decreased by treatment with gefitinib and AG1478, 
respectively, in MDA-MB468 cells (Fig. 2B). The FN mRNA 
expression was increased to 6.0±0.8-fold that of the control 
level following treatment with 50 ng/ml EGF. By contrast, 

EGF-induced FN mRNA expression was markedly inhibited 
to 1.85±0.25-fold and 1.05±0.15-fold that of the control level 
in the cells pretreated with gefitinib and AG1478, respectively 
(Fig. 2B).

We also examined the effects of EGFR inhibitors on 
EGF-induced EGFR phosphorylation. EGFR phosphorylation 
peaked 15 min after EGF treatment. The phosphorylation of 
EGFR was significantly reduced by the treatment with both 
gefitinib and AG1478 (Fig. 2C). This shows that the levels of 
FN protein and mRNA expression in TNBC cells are upregu-
lated by the EGF/EGFR signaling pathway.

Effect of EGFR downstream signaling molecule inhibitors on 
EGF-induced FN expression in TNBC cells. Next, we inves-
tigated the effects of EGFR downstream signaling molecule 
inhibitors on EGF-induced FN expression in TNBC cells. We 
pretreated cells with either 10 µM UO126 (a MEK1/2 inhib-
itor), 10 µM LY294002 (a PI3K inhibitor), or 10 µM Stattic (a 
STAT3 inhibitor), respectively, for 60 min prior to treatment 
with 50 ng/ml EGF. As shown in Fig. 3A, FN protein expres-
sion was significantly increased by EGF in inhibitor-untreated 
controls. However, EGF-induced FN protein expression was 
suppressed in the MDA-MB468 and BT20 breast cancer cells 
that were treated with any of the inhibitors (Fig. 3A). Under the 
same conditions, the level of FN mRNA expression in response 
to the addition of EGF was increased by 7.75 ± 1.3-fold of the 
control level (Fig. 3B). However, EGF-induced FN mRNA 

Figure 1. The basal level of FN expression is increased by EGF in a dose‑dependent manner in breast cancer cells. (A and B) Levels of EGFR and ER-α 
expression of breast cancer cells as analyzed by (A) real-time PCR and (B) western blotting, respectively. (C and D) Level of FN mRNA and protein expression, 
respectively, in serum-starved, EGF-treated cells as analyzed by (C) real-time PCR and (D) western blotting in cell culture media. These results are representa-
tive of three independent experiments. The values shown are mean values ± SEM. *P<0.05, **P<0.01 vs. control. FN, fibronectin; Con, control. 
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expression was reduced to 0.95±0.2-fold, 2.0±0.19-fold 
and 2.0±0.5-fold of the control level by U0126, LY294002 
and Stattic, respectively (Fig. 3B). Furthermore, we verified 
the effects of U0126, LY294002 and Stattic on EGF-induced 
STAT3, Akt and Erk phosphorylation, respectively. The 
phosphorylation of STAT3, Akt and Erk peaked 15 min after 
EGF treatment. STAT3, Akt and Erk phosphorylation were 
shown to be decreased by the inhibitors Stattic, LY294002 and 
U0126, respectively (Fig. 3C). These results demonstrate that 
EGF-induced FN mRNA and protein expression are mediated 
through MEK/Erk, PI3K/Akt and STAT3-dependent signaling 
pathways in TNBC cells.

EGF-induced FN expression is decreased by silibinin in 
TNBC cells. To test the effect of silibinin on EGF-induced 
FN expression, we pretreated MDA-MB468 and BT20 cells 
with 25 and 50 µM silibinin for 60 min prior to treatment with 

50 ng/ml EGF. After 24 h, we harvested the cell culture media 
and cell lysates. Our results indicated that the level of FN 
protein expression increased in both MDA-MB468 and BT20 
breast cancer cells in response to treatment with EGF (Fig. 4A). 
However, the level of EGF-induced FN protein expression 
was reduced by silibinin in a dose-dependent manner in both 
cell culture media and whole cell lysates (Fig. 4A). Under the 

Figure  2. EGF-induced FN expression is reduced by EGFR inhibitors, 
gefitinib and AG1478, in MDA-MB468 and BT20 breast cancer cells. 
(A and B) Levels of (A) FN protein expression and (B) mRNA expression in 
serum-starved cells pretreated with EGFR inhibitors, gefitinib or AG1478 for 
30 min and then treated with 50 ng/ml EGF for 24 h, as analyzed by western 
blotting and real-time PCR, respectively. (C) Western blotting showing the 
level of p-EGFR and t-EGFR expression in serum-starved cells pretreated 
with gefitinib or AG1478 for 30 min and then treated with 50 ng/ml EGF for 
15 min. These results are representative of three independent experiments. 
The values shown are the means ± SEM. *P<0.05 vs. control, φP<0.05 vs. 
EGF-treated cells. FN, fibronectin.

Figure 3. Effect of EGFR downstream signaling molecule inhibitors on EGF-
induced FN expression in TNBC cells. (A and B) Levels of (A) FN protein 
and (B) mRNA expression in serum-starved cells, pretreated with 10 µM 
UO126, 10 µM LY294002 and 10 µM Stattic, respectively, then incubated 
with 50 ng/ml EGF for 24 h as analyzed by western blotting and real-time 
PCR, respectively. (C) Levels of STAT3, Akt and Erk protein expression 
in serum-starved cells, pretreated with U0126, LY294002 and Stattic, 
respectively, then treated with EGF for 15 min as analyzed by western 
blotting. These results are representative of three independent experiments. 
The values shown are the means ± SEM. *P<0.05 vs. control, φP<0.05 vs. 
EGF‑treated cells. FN, fibronectin. 
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same conditions, we also investigated the inhibitory effects of 
silibinin on EGF-induced FN mRNA expression. As expected, 
EGF-induced FN mRNA expression was dose-dependently 

inhibited in MDA-MB468 breast cancer cells by treatment 
with silibinin (Fig. 4B). The level of FN mRNA expression 
was increased by 6.86-fold of the control level by the addition 
of 50 ng/ml of EGF. However, the induction of FN mRNA 
expression by addition of EGF was decreased to 4.92-fold and 
1.88-fold of the control level by treatment with 25 and 50 µM 
of silibinin, respectively (Fig. 4B).

Finally, we investigated the regulatory mechanism of 
silibinin on EGF-induced FN expression in MDA-MB468 
cells. Cells were pretreated with the indicated concentration 
of silibinin for 60 min and then treated with EGF for 15 min. 
The phosphorylation of the EGFR downstream signaling 
molecules, STAT3, Akt and Erk, was increased by the addi-
tion of EGF in silibinin-untreated controls (Fig. 4C). Notably, 
when we examined the inhibitory effect of silibinin on the 
activation of these three signaling pathways, we observed that 
only EGF-induced STAT3 phosphorylation was markedly 
reduced by silibinin. The phosphorylation of Akt and Erk 
was not significantly affected (Fig. 4C). These results show 
that silibinin abolished the EGF-induced FN expression in a 
similar manner to the STAT3 inhibitor in MDA-MB468 and 
BT20 breast cancer cells. Therefore, we demonstrated that 
silibinin suppresses EGF-induced FN expression via the inhi-
bition of STAT3 phosphorylation in TNBC cells.

Discussion

The TNBC subtype has the poorest prognosis among breast 
cancer subtypes (1,17) due to limited treatment options and 
a lack of clinically established targeted molecular therapies. 
TNBC has a markedly increased level of EGFR expression, 
resulting in aggressive metastasis and a poor prognosis, as 
defined by its low five-year survival and high recurrence rates 
after adjuvant therapy (1). EGFR inhibitors, such as mono-
clonal antibodies (cetuximab) and small molecule inhibitors 
(gefitinib), have been used in the treatment of TNBC, for 
which there are currently no specific targeted therapies (18).

EGF stimulates cell growth, proliferation and differentia-
tion through binding to its receptor EGFR (5). High expression 
of EGFR within primary tumors is associated with a poor 
clinical outcome in human cancers, and EGFR is frequently 
overexpressed in TNBC patients (19-23). In addition, the EGF/
EGFR signaling pathway is a well-known inducer of the EMT 
process in several types of human cancer (24). EGF leads to 
EMT-like changes, including upregulation of mesenchymal 
markers and downregulation of epithelial markers (25,26). 
Consistent with these reports, our results showed that the 
levels of EGFR expression were significantly increased in 
TNBC cells, and EGF-induced FN expression was increased 
in a dose-dependent manner in TNBC cells.

The EGF/EGFR complex mainly activates various down-
stream signaling pathways, such as MEK/ERK, PI3K/Akt 
and JAK/STAT3, in malignant human cancer cells (27,28). 
The EGFR inhibitor AG1478, MEK1/2 inhibitor PD98059, 
and p38MAPK inhibitor SB203580 completely abolished 
TGF-β‑mediated FN expression (29). Heparin-binding 
EGF-like growth factor (HB-EGF), a heparin-binding member 
of the EGF family, significantly increases the level of FN 
expression in mesangial cells (30). In contrast, neutralizing 
anti-HB-EGF antibody completely blocks FN expression (30).

Figure 4. Silibinin suppresses EGF-induced FN expression through the 
inhibition of STAT3 activity in MDA-MB468 and BT20 breast cancer 
cells. (A and B) Levels of (A) FN protein and (B) mRNA expression in 
serum‑starved cells pretreated with silibinin then treated with EGF, as 
analyzed by western blotting and real-time PCR, respectively. (C) Levels of 
STAT3, Akt and Erk protein expression in serum-starved cells pretreated 
with silibinin and treated with EGF for 15 min, as analyzed by western blot-
ting. These results are representative of three independent experiments. The 
values shown are the means ± SEM. *P<0.05 vs. control, φP<0.05, φφP<0.01 
vs. EGF-treated cells. FN, fibronectin.
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In accordance with these reports, our results showed that 
EGF also affects the level of FN expression in TNBC cells. In 
TNBC cells, EGF-induced FN expression was suppressed by 
UO126 (a MEK1/2 inhibitor) and LY294002 (a PI3K inhibitor). 
In this study, to the best of our knowledge, we are the first to 
demonstrate that EGF-induced FN expression is significantly 
decreased by a STAT3 inhibitor, Stattic. These results suggest 
that STAT3 is a new pathway involved in the regulation of 
EGF-induced FN expression.

The level of FN expression is regulated by a variety of 
growth factors, such as TGF-β, PDGF and EGF, which have 
been implicated in developmental processes  (29). Highly 
expressed FN levels in breast tumor tissues have been corre-
lated with tumor malignancy and the poor prognosis of breast 
cancer patients (31,32). In addition, FN expression has been 
shown to be involved in the epithelial-mesenchymal transi-
tion (EMT) process, which occurs during development and 
has been linked to cancer (25,26). Growth factors, such as 
EGF and TGF-β, can promote the EMT triggering of specific 
signaling networks (6,33-36). Our results showed that FN 
expression in TNBC cells is higher than that of other breast 
cancer cells (data not shown). FN expression in response to 
EGF was significantly decreased by the EGFR inhibitors, 
AG1478 and gefitinib, in TNBC cells.

Silibinin has multifunctional activities including the suppres-
sion of cell invasion, inflammation, the induction of apoptosis 
in various cancer cells such as breast cancer cells (14-16,37). In 
a previous study, we reported that silibinin suppresses the level 
of COX-2 and VEGF through the inhibition of the Raf/MEK/
ERK pathway in breast cancer cells (14,15). Here, we focused 
on the regulatory mechanism of silibinin on EGF-induced FN 
expression in TNBC cells. We observed that silibinin inhib-
ited EGF-induced expression of FN and the phosphorylation 
of STAT3 in breast cancer cells. In addition, we observed 
that EGF-induced FN expression was decreased by a specific 
STAT3 inhibitor, Stattic. Based on these results, we conclude 
that silibinin prevents EGF-induced FN expression through the 
inhibition of STAT3 phosphorylation in TNBC cells.

In the present study, we conclusively verified the regula-
tory mechanism of silibinin in EGF-induced FN expression in 
TNBC cells. EGF-induced signaling molecules, MEK, PI3K 
and STAT3, play an important role in the regulation of FN 
expression in TNBC cells. However, silibinin suppressed only 
EGF-induced STAT3 phosphorylation, not phosphorylation 
in the MEK/ERK and PI3K/Akt pathway. Hence, we demon-
strated that silibinin suppresses EGF-induced FN expression 
through the inhibition of STAT3 in TNBC cells. We therefore 
suggest that silibinin could be used as a potential candidate 
drug for the treatment of TNBC, for which there are currently 
no specific targeted therapies.
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