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The differential anticancer effects of green tea in
estrogen receptor-positive and estrogen
receptor-negative human breast cancer cell lines
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Green tea components exert many biological effects, including antitumor and cancer
preventive activities. In the search for breast cancer, the effects of green tea extract (GTE)
were tested on the estrogen receptor-positive (MCF-7) and estrogen receptor-negative
(MDA-MB-231) human breast cancer cell lines. The growth inhibition by GTE was tested
by the MTT assay in which the number of alive cells is proportional to the amount of formazan produced by the cells, which is measured by ELISA. GTE treatment resulted in a
dose-dependent inhibition of cell growth in MDA-MB-231 cell line. However it did not
show any inhibition effect in MCF-7 cell line. GTE further increased the cytotoxic activity
of classical FEC treatment at the lowest doses in MDA-MB-231 cell line. However, as contrast, it diminished the effect of FEC treatment in MCF-7 cell line. These findings suggest
that the effect of green tea depends on the estrogen-receptor status of the breast cancer cell line.
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Introduction

activity for green tea, including inhibitory effects on

Tea [Camellia sinesis (Theacacea)] is one of the
most-consumed beverages worldwide. Green tea is
produced by drying fresh leaves from plant
Camellia sinensis. Its composition is similar to that
of fresh tea leaves, which contains characteristic
polyphenolic compounds, epigallocatechin-3-gallate (EGCG), epigallocatechin (EGC), epicatechin-3gallate (ECG) and epicatechin (EC).1 Consumption
of tea has been associated with many health benefits and their role in cancer chemoprevention has
been studied extensively.2-3 In vivo and in vitro
experimental studies have demonstrated anticancer

tumor formation, growth, invasion and metastasis.4-7
Breast cancer is the most common cancer in
women and makes up one tenth of all new cancer
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gest that increased consumption of green tea is also
related to improved prognosis of human breast cancer.9 An inverse association between the risk of
breast cancer and the intake of green tea has also
been reported in Asian- Americans.10-11 Although
green tea and its constituents have been shown to
inhibit breast cancer, the mechanism(s) of the inhibition is not completely known.12-14
In this study with two different breast cancer cell
lines in terms of the estrogen receptor status, we
evaluated the growth inhibition of GTE and its combinations with anticancer drugs which are used for
the classical of breast cancer therapy. Our results
suggest that the effect of GTE depends on the estrogen-receptor status of the breast cancer cell line.

Materials and Methods
Cell culture
A breast cancer cell lines, called MCF-7 (estrogen
receptor-positive) and MDA-MB-231 (estrogen
receptor-negative), were used in the study. The cells
were cultured in RPMI 1640 supplemented with
penicillin G (100 U/ml), streptomycin (100 μg/ml),
L-glutamine, and 10% fetal calf serum at 37 °C in a
humidified atmosphere containing 5% CO2.
Preparation of green tea extracts:
Superheated water extraction
GTE was prepared by Superheated Water
Extraction methods. A detailed description of the
laboratory-built SWE apparatus has been given elsewhere.15 The water was purged with nitrogen to
remove dissolved oxygen prior to the extraction.
Deoxygenated water was used in an HPLC pump
programmed for a constant flow of 2 mL.min.-1 A
Carlo Erba series 4200 GC oven heated the extraction system. A 3 m long pre-heated coil (0.76 mm i.d.
x 1.6 mm o.d.) was used to equilibrate the water to
the desired temperatures. A 24 mL extraction cell
(Keystone Scientific, Bellefonte, Pa., USA) equipped
with a 0.5 mm frit both at the inlet and outlet was
connected to a 1-m cooling loop (in iced water) outside of the oven. A pressure control valve was
placed between the cooling loop and the oven. SWE
was performed using 5.0 g of dried green tea leaves,
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an extraction cell which contained a stainless steel
filter and glass wool at both ends, 2 mL min-1 flow
rate, a temperature of 150°C, a pressure of around
20-50 atm and 10 min of extraction time. 10 microliter of the yielded extract was diluted with 10 mL of
culture medium and this dose (0.002 % (w/w)) was
defined as 200 TDC (test drug concentration).
Preparation of drugs
All the anticancer drugs were obtained from the
Department of Oncology of Uludag University
Medical School. The drugs tested were 5flourouracil (5-FU), 4-HC (4-hydroperoxycyclophosphamide, the active metabolite of cyclophosphamide), epirubicine as well as combinations of
these drugs (FEC). They were those normally used
for the patients. Stock concentrations of each drug
were prepared either in physiological saline or in
the dilution buffer provided by the drug company.
The working solutions of the drugs were prepared
from stock solutions by diluting in the culture medium. Six different concentrations for each drug were
used and they were defined as TDC as previously
described.16-17 The concentrations used were 200%
TDC, 100% TDC, 50% TDC, 25% TDC, 12.5% TDC,
6.12% TDC.
Experimental design
MCF-7 and MDA-MB-231 cells were seeded at the
density of 5000 cells per well of 96-well plates in 200
ml medium. After an overnight incubation, the
media were replaced by fresh ones with the test
drugs. For the minimal viability, the cells were incubated with 1 M hydrogen peroxide, which resulted
in total cell death (positive control). Cells were treated with different doses of GTE with 0.002% (w/w)
as the highest dose (200 TDC in the figures) and
0.00001% (w/w) as the lowest dose (6.25 TDC in the
figures). Cells were also treated with 0.0002% (w/w)
GTE in combination with the increasing doses of
the other anticancer drugs. This dose (0.0002%) was
found to be equivalent to approximately IC50 value
in the MDA-MB-231 breast cancer cell line. The
untreated cells received only medium without any
drug were used for the maximal viability (negative
control). All the cells were treated for 72 h.
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The MTT assay
The MTT viability assay was performed with
slight modifications as previously described.18 MTT
was first prepared as a stock solution of 5 mg/ml in
phosphate buffer (PBS, pH 7.2) and filtered. At the
end of the treatment period (72 h) with 6 different
TDCs in triplicate, 25 μl of MTT solution was added
to each well. After incubation for 4 h at 37 °C, 100 μl
of solubilizing buffer (10% sodium dodecyl sulfate
dissolved in 0.01 N HCl) was added to each well.
After overnight incubation, 96-well plate was read
by an enzyme-linked immunosorbent assay (ELISA)
reader at 570 nm for absorbance density values to
determine the cell viability. The viable cells produced a dark blue formazan product, whereas no
such staining was formed in the dead cells.
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mula is the following: % Inhibition = [1–(Test-MI)/
(MO-MI)]x100. The TDCs were plotted against the
corresponding inhibition values using SPSS 13.0,
resulting in the inhibition curves. The significance
was calculated using one-way analysis of variance
(ANOVA) and Student’s t-test. A value of P<0.05 was
taken as statistically significant. And the results were
calculated as mean with standard error (±SE) values.

Results
Dose response curve was established for GTE in
MDA-MB-231 cell line. According to the curve, IC50
value was found to be about 0.0002% (w,w). In combinations with either FEC or the drugs alone, this
combination of GTE was used.

The viability was calculated with regard to the
untreated cell control, which was set to 100% viability (maximal viability, MO). The dead cell control
(hydrogen peroxide treated cells) was set to 0% viability (minimal viability, MI). The degree of inhibition of drug-treated cells is expressed as a percentage of the untreated cell control. The inhibition for-

Figure 1 shows the effect of GTE and its combinations with FEC treatment on MCF-7 cell line. GTE
alone did not show any growth inhibition effect on
this cell line. It even surprisingly supported the proliferation of MCF-7 cell line. When used in combination with FEC regimen, the effect of FEC was diminished by GTE although the difference was not statically significant (p> 0.05). When the drugs were analyzed on their own, GTE was found to significantly

Figure 1
Growth inhibition effects of green tea extract (GTE) and its
combination with FEC on MCF-7 cell line. TDC: Test drug
concentration

Figure 2
Growth inhibition effects of green tea extract (GTE) and its
combination with 5-FU on MCF-7 cell line. TDC: Test drug
concentration

Data analysis
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Figure 3
Growth inhibition effects of green tea extract (GTE) and its
combination with Epirubicine on MCF-7 cell line. TDC: Test
drug concentration

Figure 4
Growth inhibition effects of green tea extract (GTE) and its
combination with 4-HC on MCF-7 cell line. TDC: Test drug
concentration

Figure 5
Growth inhibition effects of green tea extract (GTE) and its
combination with FEC on MDA-MB-231 cell line.
TDC: Test drug concentration

Figure 6
Growth inhibition effects of green tea extract (GTE) and its
combination with 5-FU on MDA-MB-231 cell line.
TDC: Test drug concentration

reduce the effect of 5-FU at higher concentrations

effect of 4-HC at almost all concentrations used,
except for 200 TDC (Figure 4).

(200 TDC and 100 TDC), (p<0.05), (Figure 2). Also,
GTE significantly reduced the effect of epirubicine
at moderate concentrations (50 TDC, 25 TDC),
(p<0.05), (Figure 3). However, GTE increased the
Adv Mol Med 2007; 3(2)

Figure 5 shows the effect of GTE and its combinations with FEC treatment on MDA-MB-231 cell
line. GTE and other drugs alone showed growth
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Figure 7
Growth inhibition effects of green tea extract (GTE) and its combination with Epirubicine on MDA-MB-231 cell line. TDC: Test
drug concentration

Figure 8
Growth inhibition effects of green tea extract (GTE) and its combination with 4-HC on MDA-MB-231 cell line. TDC: Test drug
concentration

inhibition on this cell line at all concentrations.
When used in combination with GTE, the effect of
FEC was increased at the lowest doses (12.5 and
6.25 TDC) (p<0.05). GTE increased the effect of 5-FU
at all concentrations in this cell line. Increments
were significant at 100 and 25 TDC (p<0.05) (Figure
6). On contrary, it decreases the effect of both epirubicine and 4-HC (Figure 5, 7 and 8).

To elucidate the mechanism, in this study, we
employed two types of human breast cell lines that
differ in their responsiveness to the hormonal therapy. We observed that GTE increased the inhibitory
effect of FEC on the proliferation of the estrogen
receptor negative MDA-MB-231 cell line. Its suggested that green tea polyphenols and its principal constituent EGCG are effective in suppressing the proliferation of MDA-MB-231 as shown by growth inhibition and apoptosis induction both in-vivo and invitro.23 Mechanisms through which green teainduced apoptosis may be mediated include cell
cycle arrest, changes in intracellular signaling, cell
adhesion migration (uPA, uPA receptor, vitronectin,
integrin receptor) and cell invasion (uPA, uPA
receptor) signaling cascade.24-25 In another study, it
was reported that GTE and EGCG (40 mg/L) significantly decreased the RNA levels of VEGF (vascular
endothelial growth factor) in MDA-MB231 cells,26
which implies the effect of GTE on the survival pathways of the cells. In estrogen receptor positive MCF7 cells, we found that although GTE reduced the
inhibitory effect of 5-FU, epirubicine and the combination of FEC regime, the effect of 4-HC was
found to be increased.

Discussion
Green tea and its polyphenols, potent chemopreventive agents, have been extensively studied as
a potential treatment for a variety of diseases,
including cancer.19-22 Breast cancer is the most common cancer in women worldwide.8 Epidemiological
studies suggest that increased consumption of
green tea is also related to improved prognosis of
human breast cancer.9 However, the mechanism by
which it shows anticancer property needs to be elucidated further, especially in terms of estrogen
receptor status. Estrogen receptor action is based
on the fact that the regulation of normal growth,
development, and function of the breast cancer is
intimately associated with estrogen status, playing a
significant role in the response to therapy.
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GTE mainly increased the effect of FEC treatment in MDA-MB-231 cell line, while it decreased
the effect of FEC treatment in MCF-7 cell line. This
differential action may be resulted from the hormonal status in the cells. A recent work has shown
that treatment with GTE and EGCG demonstrated
significant changes in various endocrine parameters.27 Another report suggested synergistic in-vitro
cytotoxicity of tamoxifen and EGCG in estrogen
receptor-negative MDA-MB-231 cells, but not in
estrogen receptor-positive MCF-7 cells.28 In a study
of premenopausal women in Japan, Nagata et al.
reported a significant inverse association between
green tea intake and follicular phase blood estradiol
levels.29 Wu et al. stated that green tea may have
downregulatory effects on estrogen levels.30 These
interesting results imply that the effect of green tea
strongly depends on the estrogen-related pathways.
Moreover, the effect of green tea also seems to be
dose-dependent.31 Taken together, the cytotoxic
potential of green tea may be influenced by several
factors (e.g. estrogen receptor status, concentration
used).
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In conclusion, the focus of future research
regarding green tea and its possible role in cancer
research should be on the combinations of green
tea with some anticancer drugs used for breast cancer chemoprevention and treatment, by taking the
estrogen receptor status into account. Further investigation into possible hormonal effects of green tea
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breast cancer.
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