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Abstract. Epigallocatechin gallate (EGCG), a major constit-
uent of green tea, has potential as a treatment for a variety 
of diseases, including cancer. EGCG induces apoptosis and 
inhibits tumorigenesis through multiple signaling pathways in 
breast cancer cells. β‑catenin signaling modulators could be 
useful in the prevention and therapy of breast cancer. However, 
the precise anticancer effect of EGCG through the β‑catenin 
signaling pathway in breast cancer is unclear. The present study 
investigated the association between β‑catenin expression and 
clinicopathological factors of breast cancer patients, and the 
effect of EGCG on β‑catenin expression in breast cancer cells. 
β‑catenin expression was analyzed according to the clinicopath-
ological factors of 74 patients with breast cancer. All patients 
were females diagnosed with invasive ductal carcinoma. Western 
blot analysis revealed that β‑catenin was expressed at higher 
levels in breast cancer tissue than in normal tissue. β‑catenin 
expression was associated with lymph node metastasis (P=0.04), 

tumor‑node‑metastasis stage (P=0.03) and estrogen receptor 
status (P<0.01). EGCG decreased MDA‑MB‑231 cell viability 
and significantly downregulated the expression of β‑catenin, 
phosphorylated Akt and cyclin D1. Remarkably, additive effects 
of LY294002 and wortmannin, two phosphatidylinositol‑3 
kinase inhibitors, were observed. The present results suggest 
that EGCG inhibits the growth of MDA‑MB‑231 cells through 
the inactivation of the β‑catenin signaling pathway. Based on 
these promising results, EGCG may be a potential treatment for 
triple negative breast cancer patients.

Introduction

Breast cancer is a highly heterogeneous disease, particularly in 
its locally advanced form (1). Despite the availability of various 
aggressive therapies for breast cancer patients, the mortality 
remains high (2). Thus, novel therapeutics are required for breast 
cancer patients. Numerous clinical and experimental studies 
have established that the clinical outcome of treatment for 
breast cancer depends on the expression of biological predictive 
markers such as estrogen receptor (ER) (3). Current effective 
prevention strategies for adjuvant therapy in ER‑positive 
breast cancer include tamoxifen (4). However, ER‑negative 
breast cancers are more clinically aggressive compared with 
ER‑positive breast cancers, and their prognosis is poor due to 
the lack of hormone receptor (HR)‑directed therapies (1,4). 
Since there is no effective cure for ER‑negative breast cancer 
patients, alternative interventions such as substances derived 
from natural herbal sources may be useful to replace the 
current regimens (5,6). Therefore, new therapies or strategies 
are urgently required for patients with ER‑negative and triple 
negative breast cancer (TNBC), which does not express any 
of the following three receptors: ER, progesterone receptor or 
human epidermal growth factor receptor 2 (HER2) (1).

The combination of polyphenols with a chemotherapeutic 
drug can result in additive or synergistic effects in ER‑negative 
breast cancer cells  (6). Furthermore, polyphenols induce 
restoration of tamoxifen sensitivity in TNBC cells (7).
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Green tea is one of the most widely consumed beverages 
in the world, and its ingestion in reasonable doses is consid-
ered safe (8). It has been reported that green tea consumption 
provides potential protection against numerous cancers 
through multiple mechanisms (8). Flavonoids in green tea 
are dietary factors that may protect against cancer, and have 
potent antioxidant effects (9). Epidemiological studies suggest 
that the low incidence of certain cancers in Asian countries is 
linked to the regular consumption of green tea (9,10). There 
are reports linking green tea consumption with an improved 
prognosis in breast cancer (11,12).

Epigallocatechin gallate (EGCG), a major polyphenol in 
green tea, has been extensively studied as a bioactive dietary 
agent against carcinogenesis, and it appears to act through 
multiple signaling pathways, including the mitogen‑activated 
protein kinase, phosphatidylinositol‑3 (PI3) kinase, epidermal 
growth factor receptor and nuclear factor‑κB signaling path-
ways (13‑16). EGCG can inhibit breast tumorigenesis through 
the ER signaling pathway (17). In addition, EGCG enhances 
chemotherapeutic‑induced cellular apoptosis in ER‑negative 
MDA‑MB‑231 breast cancer cells (18), suggesting that EGCG 
exerts its anticancer properties through acting on ER signal 
transduction. However, the precise molecular mechanisms 
underlying this phenomenon are unclear.

Wnt signals are critical in regulating the normal devel-
opment of the mammary gland, and dysregulation of Wnt 
signaling causes breast cancer (19). Wnt signaling cascades 
can be broadly subdivided into two categories: The canonical 
β‑catenin signaling pathway and the non‑canonical signaling 
pathway (19). Wnt/β‑catenin signaling is involved in several 
stages of growth and differentiation of the mammary gland, 
both during embryogenesis and following birth  (19). This 
signaling system is pivotal in processes involved in the 
development and pathogenesis of breast cancer, including 
angiogenesis and hormonal signaling (20). EGCG induces the 
disruption of adherent junction formation and the accumulation 
of extra‑nuclear β‑catenin in MCF‑7 cells (19,20). The β‑catenin 
signaling pathway is involved in EGCG‑mediated anticancer 
protection (21). Therefore, members of the β‑catenin pathway in 
tissues of breast cancer patients are potential targets of EGCG.

The present study investigated the anticancer effects 
of EGCG, the major active component of green tea (16), on 
MDA‑MB 231 breast cancer cells. In addition, the expression 
profiles of the β‑catenin signaling pathway in breast cancer 
patients were also analyzed. The results suggest that EGCG 
inactivates β‑catenin signaling in MDA‑MB 231 human 
breast cancer cells. Furthermore, β‑catenin was significantly 
expressed at higher levels in ER‑negative breast cancer patients 
compared with patients with ER‑positive breast cancer. In 
summary, the present findings demonstrate that EGCG could 
be therapeutically effective in TNBC patients.

Materials and methods

Study subjects. The present study protocol was approved 
by the Institutional Review Board (IRB) of Chonbuk 
National University Hospital (Jeonju, Korea; IRB approval 
no. 2012‑07‑011). Among patients who underwent surgery 
at Chonbuk National University Hospital for primary breast 
cancers from June 2008 to July 2009, 74 breast cancer 

patients were identified and enrolled in the study. The patients' 
clinical and pathological characteristics were analyzed. 
The tumor‑node‑metastasis (TNM) stage was determined 
according to the 7th edition of the American Joint Committee 
on Cancer classification (22). Cancer and normal tissues (which 
were located away from the primary tumor site, histologically 
confirmed to be free of cancer cells and obtained from the 
same patient) were collected from all patients, who provided 
informed consent. The fresh tumor and normal background 
tissues were snap frozen in liquid nitrogen and stored at ‑70˚C. 
Prior to immunoblotting, the tissue specimens were cut into 
small pieces and homogenized.

Cells and materials. MDA‑MB‑231 cells were obtained 
from the American Type Culture Collection (Manassas, 
VA, USA). Cells were cultured in high glucose‑containing 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS), 10,000 U/ml penicillin 
and 10,000 µg/ml streptomycin at 37˚C in a 5% CO2 incu-
bator. EGCG was purchased from Sigma‑Aldrich (Merck 
KGaA, Darmstadt, Germany). MTT and β‑actin antibody 
(cat. no. A‑5441) were obtained from Sigma‑Aldrich (Merck 
KGaA). The antibody against β‑catenin (cat. no. Sc‑59737) 
and horseradish peroxidase (HRP)‑conjugated immunoglu-
blin (Ig) G were purchased from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). The antibodies related to p‑AKT 
(cat. no. 9271) and cyclin D1 (cat. no. 2922) were purchased 
from Cell Signaling Technology (Beverly, MA, USA). The PI3 
kinase inhibitors LY294002 and wortmannin were purchased 
from Merck KGaA. High glucose‑containing DMEM, FBS 
and PBS were obtained from Gibco (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA).

Determination of cell viability. Cells were inoculated in a 
96‑well plate at a density of 3x104 cells/well, and incubated 
at 37˚C for 24 h to allow attachment. The attached cells were 
either untreated or treated with EGCG for 24 h at 37˚C. Next, 
the cells were washed with PBS prior to the addition of MTT 
(0.5 mg/ml in PBS), and were incubated at 37˚C for 30 min. The 
formazan crystals were then dissolved with dimethyl sulfoxide 
(100 µl/well), and the absorbance was detected at 570 nm using 
a Model 3550 Microplate Reader (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Protein extraction. Breast cancer and adjacent normal tissues 
were collected immediately following surgery for protein 
extraction. These tissue samples were homogenized at 4˚C in 
the presence of lysis buffer [50 mM Tris‑HCl (pH 8.0), 150 mM 
NaCl, 5 mM EDTA and 1% NP‑40]. The homogenates were 
subsequently centrifuged at 13,000 x g for 30 min at 4˚C, and 
the supernatants were collected. Upon washing with PBS, 
MDA‑MB‑231 cells were treated with EGCG, and then incubated 
for 24 h at 37˚C. These cells were lysed with ice‑cold M‑PER 
Mammalian Protein Extraction Reagent (Pierce; Thermo Fisher 
Scientific, Inc.). The protein concentration was determined 
using a DC Protein Assay kit (Bio‑Rad Laboratories, Inc.).

Western blot analysis. The cell lysates (10  µg protein) 
were separated by 10% SDS‑PAGE and then transferred to 
Hybond™ polyvinylidene fluoride membranes (GE Healthcare 
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Life Sciences, Chalfont, UK). Each membrane was blocked for 
2 h with 5% skim milk and incubated overnight at 4˚C with the 
β‑catenin, β‑actin, cyclin D1 or p‑AKT antibody (all diluted at 
1:2,500 in 5% skimmed milk/PBS buffer). HRP‑conjugated 
IgG (1:2,000 dilution) was used as the secondary antibody for 
1 h at 4˚C. Protein levels were determined using a Fujifilm 
Image Analyzer (Tokyo, Japan). Immunoreactive signal were 
visualized with western chemiluminescent HRP substrate 
(Merck KGaA). The β‑catenin‑relative density of the elec-
trophoretic band was obtained with LAS‑1000 Intelligent 
Dark‑Box II (Fujifilm Corporation, Tokyo, Japan).

Statistical analysis. Statistical analysis was performed using 
SPSS version 15.0. (SPSS, Inc., Chicago, IL, USA). Statistical 
data analysis was performed using analysis of variance and 
Duncan's test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patients' characteristics. The present cohort comprised 
74 female patients of ages ranged from 32 to 78 years (mean, 
50.7 years), who were diagnosed with invasive ductal carci-
noma and underwent curative surgery. In total, 44 (59.5%) 
patients had T2 tumors on presentation, 23 (31.1%) patients 
were T1, 4 (5.4%) patients were T3 and 3 (4.1%) patients were 
T4. Lymph node involvement status was N0 in 33 (44.6%) 
patients, while 25 (33.8%) patients were N1, 12 (16.2%) were 
N2 and 4 (5.4%) were N3. In total, 21 (28.4%) patients were 

stage I, 34 (45.9%) were stage II and 19 (25.7%) were stage III. 
Among all patients, 50 (67.6%) were ER positive and 24 
(32.4%) were ER negative.

Expression of β‑catenin in breast cancer patients. β‑catenin 
expression was analyzed in breast cancer and normal tissues 
by western blotting. β‑catenin was overexpressed in breast 
cancer tissue compared with its expression in normal tissue 
(Fig. 1A and B).

Association between β‑catenin expression and patients' 
clinicopathological features. β‑catenin expression in tumor 
cells was scored as 3+ (an intensity of >2/3 of the adjacent 
normal epithelium), 2+ (1/3‑2/3 of the adjacent normal 
epithelium) and 1+ (<1/3 of the adjacent normal epithelium). 
In total, 14 (18.9%) patients had 1+ β‑catenin expression, 28 
(37.8%) had 2+ expression and 32 (43.2%) had 3+ expression. 
β‑catenin expression was associated with lymph node metas-
tasis (P=0.04), TNM stage (P=0.03) and ER status (P<0.01) 
(Table I). Other factors were not associated with β‑catenin 
expression.

Effect of EGCG on MDA‑MB‑231 cell viability. MDA‑MB‑231 
cells were treated with EGCG (0‑200  µM) for 24  h, and 
toxicity was analyzed using an MTT assay. EGCG decreased 
MDA‑MB‑231 cell viability in a dose‑dependent manner 
(Fig. 2).

Table I. Expression of β‑catenin according to the 
clinicopathological factors of breast cancer.

	 β‑catenin expression, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 1+ 	 2+ 	 3+ 
Characteristics	 (n=14)	 (n=28)	 (n=32)	 P‑value

Tumor size				    0.21
  T1	 4	 11	 8	
  T2	 8	 15	 21	
  T3	 2	 1	 1	
  T4	 0	 1	 2	
Lymph node				    0.04
  N0	 9	 11	 13	
  N1	 3	 11	 11	
  N2	 1	 4	 7	
  N3	 1	 2	 1	
TNM stage				    0.03
  I	 5	 9	 7	
  II	 4	 13	 17	
  III	 5	 6	 8	
ER status				    0.01
  Negative	 0	 13	 11	
  Positive	 14	 15	 21	

TNM, tumor‑node‑metastasis; ER, estrogen receptor.

Figure 1. Expression profiles of β‑catenin in homogenized breast cancer 
tissues. (A) β‑catenin protein expression was analyzed by western blotting. 
β‑actin was used as a loading control. (B) β‑catenin relative to β‑actin density. 
Values were normalized to the control (normal tissues). Error bars represent 
the standard deviation (n=74). **P<0.005 compared with the normal tissues.

Figure 2. Effect of EGCG on the viability of MDA‑MB‑231 cells. 
MDA‑MB‑231 cells were treated with various concentrations of EGCG for 
24 h. MTT assay was used to detect the viability of the cells. The optical 
density value of the untreated cells was regarded as 100%. Each value 
represents the mean ± standard error of the mean of three independent 
experiments. EGCG, epigallocatechin gallate.
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Effect of EGCG on β‑catenin, phosphorylated (p)‑Akt and 
cyclin D1 expression in MDA‑MB‑231 cells. Western blot 
analysis indicated that treatment of MDA‑MB‑231 cells 
with EGCG for 24 h suppressed β‑catenin expression in a 
dose‑dependent manner (Fig. 3A). To investigate the effect of 
EGCG on the phosphorylation of Akt and cyclin D1 activity, 
western blotting was performed. Treatment of MDA‑MB‑231 
cells with EGCG for 24 h decreased p‑Akt and cyclin D1 
expression (Fig. 3B).

Effect of EGCG treatment with PI3 kinase inhibitors 
on β‑catenin expression in MDA‑MB‑231 cells. PI3 
kinase‑dependent signaling pathway may be involved in 
the regulation of β‑catenin expression, in combination with 
other signal transduction pathways. MDA‑MB‑231 cells 
were pretreated with PI3 kinase inhibitors for 1 h (25 µM 
LY294002 or 5 µM wortmannin), and EGCG was added for 

24 h. EGCG with LY294002 or wortmannin exhibited an 
additive effect on β‑catenin suppression in MDA‑MB‑231 
cells (Fig. 4A and B). These results suggest that EGCG inhib-
ited the growth of MDA‑MB‑231 cells through inactivation of 
the β‑catenin signaling pathway.

Discussion

Breast cancer is the most frequently diagnosed cancer in 
women worldwide and the second most common cause of 
cancer mortality  (23). Advances in cancer genomics have 
clarified the intrinsic subtypes of breast cancer, resulting in 
targeted treatment, including endocrine therapy and anti‑HER2 
therapy for patients with breast cancer who have HR‑ or 
HER2‑positive tumors (1,4). The success of target treatment 
has been integral to the survival improvement in patients with 
breast cancer (24). However, TNBC patients, who account for 
15‑20% of all breast cancer patients, have no target treatment 
and suffer shorter survival than patients with other subtypes 
of breast cancer  (25). Additionally, TNBC is remarkably 
heterogeneous at the transcriptional level, and this is the main 
barrier for improving survival and developing target treatment 
for patients with TNBC (25). Thus, there are numerous studies 
on new drugs or combination treatments with conventional 
drugs for TNBC, including research into alternative treat-
ments with natural herbal regimens such as polyphenols (5,6). 
Furthermore, polyphenols induce restoration of tamoxifen 
sensitivity in MDA‑MB‑231 cells (7).

The Wnt signaling pathway is an important developmental 
pathway that is frequently dysregulated in human cancer (19). 
Wnt ligands primarily signal via membrane‑bound Frizzled 
receptors through a number of different but interconnected 
signaling pathways, including the β‑catenin, Wnt/Ca2+ and 
planar‑cell polarity signaling pathways  (19). β‑catenin is a 
transcriptional activator that activates target genes in the 
nucleus (25). Free cytoplasmic β‑catenin may translocate to the 
nucleus and activate the Wnt signaling pathway, which contrib-
utes to tumorigenesis and progression in numerous organs, 
including the breast (25). Aberrant expression of β‑catenin is 
associated with increased invasion, metastasis and poor prog-
nosis in patients with breast cancer (26). Consistent with this, 
the present study revealed that β‑catenin is overexpressed in 
breast cancer tissue compared with its expression in normal 
tissue, and that β‑catenin expression is associated with lymph 
node metastasis, high TNM stage and ER‑negative status.

Flavonoids are low‑molecular weight, plant‑derived 
compounds present in fruits, vegetables, herbs, tea and 

Figure 3. EGCG inhibits β‑catenin, p‑Akt and cyclin D1 expression in MDA‑MB‑231 cells. MDA‑MB‑231 cells were treated with EGCG for 24 h. (A) β‑catenin 
protein expression was analyzed by western blotting. (B) p‑Akt and cyclin D1 protein expression were analyzed by western blotting. β‑actin was used as a loading 
control. Each value represents the mean ± standard error of the mean of three independent experiments. EGCG, epigallocatechin gallate; p‑, phosphorylated.

Figure 4. EGCG inhibits β‑catenin through the PI3K signaling pathway in 
MDA‑MB‑231 cells. (A) MDA‑MB‑231 cells were pretreated with PI3K 
inhibitors (LY294002 and wortmanin), and then EGCG was added for 24 h. 
b‑catenin protein expression was analyzed by western blotting. β‑actin was 
used as a loading control. (B) Quantification of β‑catenin relative density. 
Each value represents the mean  ±  standard error of the mean of three 
independent experiments. PI3K, phosphatidylinositol‑3 kinase; EGCG, 
epigallocatechin gallate.
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wine (20). They are divided into different classes, including 
polyphenols, which are particularly concentrated in green tea 
(Camellia sinensis), accounting for 30‑40% of its dry weight, 
while other flavonoids are present only in small quantities in 
green tea (15). EGCG, the most abundant polyphenol in green 
tea, is linked to the majority of health benefits associated with 
green tea consumption (8,9). Green tea and its major constituent, 
EGCG, have been extensively studied as potential treatments 
for a variety of diseases, including cancer  (14,15). EGCG 
exerts its anticancer effects through multiple mechanisms, 
including anti‑oxidation, induction of apoptosis, inhibition of 
angiogenesis and metastasis (10). Epidemiological data suggest 
that EGCG protects against hormone‑associated cancers, 
including breast cancer (15). EGCG can prevent and inhibit 
breast tumorigenesis independently of the ER status  (16), 
and is cytotoxic toward breast cancer cells regardless of their 
ER status. Following treatment with EGCG, cell numbers 
were significantly lower in ER‑positive and ER‑negative cell 
lines compared with those in the control (7,18). In the present 
study, EGCG decreased MDA‑MB‑231 cell viability in a 
dose‑dependent manner.

β‑catenin is an important protein in the progression of 
multiple epithelial malignancies (20). A previous study treating 
MCF‑7 cells with EGCG observed a reduction in β‑catenin 
protein content and messenger RNA expression (13). In the 
present study, western blot analysis indicated that the protein 
levels of β‑catenin in whole cell lysates of MDA‑MB‑231 cells 
were significantly reduced following incubation with EGCG 
for 24 h in a dose‑dependent manner.

PI3 kinases serve key roles in cell proliferation, migration, 
apoptosis, gene expression and differentiation (27). Numerous 
proteins have been identified as direct or indirect downstream 
targets of PI3 kinase, and the most explored effector of the 
PI3 kinase signaling pathway is Akt (28). Akt, also known as 
protein kinase B, is a serine/threonine kinase that is pivotal 
in cellular metabolism, growth and survival (28). The Akt 
signaling pathway is also a target for flavonoids such as 
EGCG (14). A previous report indicated that EGCG inhibits 
the PI3 kinase/Akt/mammalian target of rapamycin signaling 
pathway (29). The current study noticed that EGCG effec-
tively inhibited p‑Akt. Furthermore, the reduction in p‑Akt 
by EGCG pretreatment was dose dependent. Cyclin D1 is a 
member of the cyclin protein family, and is involved in regu-
lating cell cycle progression (14). The synthesis of cyclin D is 
initiated during G1, and drives the G1/S phase transition (14). 
Khan et al (14) reported that EGCG decreased the expression 
of cyclin D1. The present study also demonstrated that incu-
bation with EGCG for 24 h reduced cyclin D1 expression in 
MDA‑MB‑231 cells.

Soluble β‑catenin has the ability to bind PI3 kinase, which 
may mediate β‑catenin stabilization (27). Thus, the inhibition 
of PI3 kinase may be responsible for the reduced expression of 
p‑Akt and β‑catenin observed in the present study. A previous 
study indicated that the PI3 kinase‑dependent signaling 
pathway may be involved in the regulation of β‑catenin 
expression, together with other signal transduction path-
ways (29). Therefore, the present study investigated the effect 
of PI3 kinase and EGCG on β‑catenin expression, and the 
results revealed that inhibition of PI3 kinase with LY294002 
and wortmannin displayed an additive effect with EGCG by 

considerably reducing the expression of β‑catenin. These data 
may account for the anticancer effect of EGCG via β‑catenin 
inhibition in MDA‑MB‑231 cells.

In conclusion, the present study provided associations 
between β‑catenin expression and poor prognostic factors 
of breast cancer, and suggested that EGCG inactivates the 
β‑catenin signaling pathway in MDA‑MB 231 breast cancer 
cells. To the best our knowledge the current study is the first 
to demonstrate that EGCG suppresses cell proliferation and 
disrupts adherence junction formation via inhibition of the 
β‑catenin signaling pathway in the MDA‑MB 231 cell line. 
In summary, the present findings suggest that EGCG could be 
considered a potential treatment drug for TNBC patients.
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