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A polyphenol-enriched extract from selenium-enriched Ziyang green tea (ZTP) was selected

to evaluate its antitumor effects against human breast cancer MCF-7 cells. In ZTP, (�)-epi-

gallocatechin gallate (28.2%) was identified as the major catechin, followed by (�)-epi-

gallocatechin (5.7%) and (�)-epicatechin gallate (12.6%). ZTPwas shown to inhibit MCF-7 cell

proliferation (half maximal inhibitory concentration, IC50 ¼ 172.2 mg/mL) by blocking cell-

cycle progression at the G0/G1 phase and inducing apoptotic death. Western blotting assay

indicated that ZTP induced cell-cycle arrest by upregulation of p53 and reduced the expres-

sion of CDK2 in MCF-7 cells. ZTP-caused cell apoptosis was associated with an increase in

Bax/Bcl-2 ratio, and activation of caspase-3 and -9. MCF-7 cells treatedwith ZTP also showed

anoverproduction of reactive oxygen species, suggesting that reactive oxygen species played

an important role in the induction of apoptosis inMCF-7 cells. This is the first report showing

that ZTP is a potential novel dietary agent for cancer chemoprevention or chemotherapy.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tea derived from the leaves of the plant Camellia sinensis is the

second most widely consumed beverage in the world. Tea
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ingestion is claimed to have antitumor beneficial effects,

which aremediated by green tea polyphenols (catechins) [1,2].

Interestingly, the increasing evidence in green tea consump-

tion also suggests that most of the biological effects, including

antineoplastic activities, are attributed to the antioxidant and
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free radical-scavenging properties of tea [3e6]. For a long time,

catechins, a group of polyphenolic compounds, have been

considered as the active ingredients responsible for the anti-

oxidant effects of tea [3,5,6]. The major catechins in tea are

(�)-epigallocatechin gallate (EGCG), (�)-epigallocatechin

(EGC), and (�)-epicatechin gallate (ECG), and their antioxidant

activities have been demonstrated in the following order:

catechin < epicatechin < EGC < ECG < EGCG [7]. Recently, in-

terest in flavonoids and other phenolic compounds has

increased owing to their potential health benefits including

anticancer property.

A specific C. sinensis is named as selenium-enriched Ziyang

tea in China and is widely distributed in the second selenif-

erous region, Ziyang County, in northern China. It is a very

popular selenium-enriched food because it is claimed to pro-

mote health and alleviate the severity ofmany disorders [8]. In

fact, previous studies suggested that antioxidant activity of

selenium-enriched green tea was higher than that of regular

green tea [9e13]. At present, selenium-enriched Ziyang green

tea is recommended as an important dietary source of health-

promoting compounds because of its chemical composition

and antioxidant and anticancer properties [13]. Accordingly,

further studies on anticancer activities of Ziyang tea poly-

phenols are necessary.

Themajority of recentmechanistic studiesmainly focus on

the anticancer properties of specific pure phenolic com-

pounds, such as quercetin, 5-o-caffeoylquinic acid, and cate-

chins [14,15]. Nevertheless, combinations of polyphenols

naturally found in fruits andvegetableshavebeensuggested to

be most favorable for cancer prevention and their anticarci-

nogenic effects [16,17]. Therefore, the main endeavor of the

present studywas to investigate the potential antiproliferative

activity of the polyphenols derived from selenium-enriched

Ziyang green tea against human breast cancer MCF-7 cells.

For this purpose, a polyphenol-enriched extract (ZTP) from

selenium-enriched Ziyang green tea was prepared, and its

phenolic profileswere determined by high-performance liquid

chromatography (HPLC). Furthermore, we assessed ZTP-

induced cellular viability, cell-cycle distribution, apoptosis,

and changes in the protein levels involved in the control of cell

cycle and apoptosis, including the expression of Bax and Bcl-2,

and the activation of the caspase cascade in human breast

cancer MCF-7 cells. Moreover, we also elucidated the possible

involvement of intracellular reactive oxygen species (ROS) in

the antitumor activity of the promising bioactive tea poly-

phenols. As far as we know, it is the first time that the anti-

proliferative properties of the polyphenolic extract derived

from selenium-enriched Ziyang tea against human breast

cancer MCF-7 cells have been evaluated.
2. Methods

2.1. Materials and reagents

FolineCiocalteu (99%), EGC (98%), ECG (98%), EGCG (95%),

catechin (95%), and gallic acid (98%) were purchased from the

National Institute for the Control of Pharmaceutical and Bio-

logical Products (Beijing, China). In addition, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), dimethyl sulfoxide, bovine serum albumin, EDTA,

propidium iodide (PI), phenylmethyl-sulfonyl fluoride, RNase-

A, Tris-HCl, glycine, dodecyl sulfate sodium salt (SDS), and

nonfat milk powder were purchased from Sigma-Aldrich (St

Louis, MO, USA). The annexin V-FITC/PI apoptosis detection

kit was obtained from BestBio (Shanghai, China). The poly-

vinylidene difluoride (PVDF) membrane was from Millipore

(Bedford,MA,USA). Themousemonoclonal antibodies against

Bax, Bcl-2, p53, CDK2, and glyceraldehyde-3-phosphate de-

hydrogenase (GAPDH) and the horseradish peroxidase-

conjugated goat antimouse secondary antibody were ob-

tained from BioVision, Inc. (Milpitas, CA, USA). Dichloro-

fluorescein diacetate (DCFH-DA) was obtained from BestBio

Co. (Shanghai, China). Ultrapure water was prepared by the

MilliporeMilli Q-Plus system (Millipore) in our own laboratory.

2.2. Sample preparation and extraction

Fresh leaves of Ziyang tea cultivar were harvested in June 2012

from Ziyang County of Shaanxi Province, China. Tea leaves

were shattered by an electric grinder after dehydration, which

was carried out in a hot air dryer (Changzhou Far Yu Drying

Equipment Co., Ltd, Changzhou, China) at 45�C. For ethanolic
extract preparation [18,19], 50 g of dried tea leaves were

thoroughly mixed with 500 mL of 80% ethanol, and were

extracted three times at 70�C for 60 minutes for each extrac-

tion while being vigorously shaken. The obtained supernatant

was further concentrated and precipitated by 1.0M ZnCl2 (pH

6.2), and 0.4M hydrochloric acid was used to dissolve the

sediments. The resultant solution was further extracted by

ethyl acetate to isolate and enrich lipophilic polyphenols.

After the drying process of ethyl acetate fraction, the tea

polyphenol-enriched extract was obtained and defined as

ZTP.

2.3. Determination of total flavonoids in ZTP

Total flavonoids in ZTP were measured as gallic acid equiva-

lents (GAEs) using a modified aluminum chloride colorimetric

method [20], expressed as milligrams of GAEs per gram of

extract [19]. The data were presented as the average of tripli-

cate assays.

2.4. HPLC analysis of phytochemicals in ZTP

Phytochemicals in the polyphenol-enriched ZTP were identi-

fied by a HPLC method [18,19]. The analysis was carried out

using a reversed-phase HPLC column (4.6 mm i.d. � 250 mm,

5 mm, Inertsil ODS-SP; GL Sciences Inc., Tokyo, Japan) on a

Shimadzu LC-2010A HPLC system equipped with an UV de-

tector and an autosampler (Shimadzu, Kyoto, Japan). Gradient

elution was performed by varying the proportion of solvent A

(water, containing 0.2% acetic acid) to solvent B (acetonitrile).

The gradient program was as follows: 0e3 minutes with 90%

solvent A; 3e5 minutes from 90% to 80% solvent A;

5e10 minutes from 80% to 60% solvent A; and 10e40 minutes

with 60% solvent A. The flow rate of the mobile phase was

1 mL/min, the UV detection wavelength was 280 nm, and the

sample injection volume was 20 mL at a 30�C column

temperature.

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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2.5. Cell lines and cell culture

All the cell lines were purchased from Cell Bank of Institute of

Biochemistry and Cell Biology, Chinese Academy of Sciences

(Shanghai, China), including human breast carcinoma cell line

(MCF-7) and normal mammary epithelial cell line (MCF-10A).

In addition, all the purchased cells were cultivated in a growth

medium consisting of Dulbecco's modified Eagle's Medium

(DMEM) with 2-oxopropanoic acid sodium salt (10mM), L-

glutamine (4.0mM), 10% heat-inactivated fetal bovine serum,

100 units/mL of penicillin, and 100 mg/mL streptomycin at 37�C
in an incubator with 5% CO2 and 95% air.
2.6. Determination of cell viability

The MTT assay was applied to determine cell viability [21].

MCF-7 cells were seeded onto 96-well plates at a density of

1 � 104 cells/well, and treated with different doses of ZTP at a

concentration of 0 mg/mL, 10 mg/mL, 50 mg/mL, 100 mg/mL,

200 mg/mL, and 400 mg/mL at 37�C for 24 hours, 48 hours, and

72 hours. After removal of media, the cells were washed by

phosphate buffer solution (PBS) and incubated for an addi-

tional 4 hours in a medium containing 0.5 mg/mL MTT. Sub-

sequently, the formed crystal formazan was dissolved in

150 mL of solution (10% SDS plus 0.01M HCl and 5% isobutyl

alcohol). After complete dissolution of crystals, absorbance of

the solution was measured by an enzyme-linked immuno-

sorbent assay reader (Rayto-RT6000; Rayto, Guangdong,

China). The percentage of cell survival was expressed as fol-

lows [22]:

cell survival (%) ¼ (absorbance of treated cells/absorbance of

control cells) � 100. (1)

2.7. Morphological evaluation

A 12-well plate containing 5 � 104 MCF-7 cells/well was

incubated at 37�C for 24 hours, and then various doses of ZTP

were added and the culture was continued for 48 hours.

Subsequently, the cells were washed with PBS for further

observation. The morphology of cells was visualized by fluo-

rescencemicroscopy (Leica DMIL LED; Leica, Solms, Germany)

[23].
2.8. Cell-cycle analysis

Cell-cycle analysis was performed by PI staining (Sigma-

Aldrich). The cells were treated with different concentrations

of ZTP (50 mg/mLand100mg/mL) for 24hours, and itwasfixed in

70% ethanol, incubated with 0.1% RNase A in PBS at 37�C for

30minutes, and resuspended in PBS containing 25 mg/mL PI for

30 minutes at room temperature. The stained cells were

analyzed by flow cytometry (FACSCalibur; Becton Dickinson,

Franklin Lakes, NJ, USA). The Modifit program (version 5.7.2,

Verity Software House Inc., Topsham, ME, USA) was used to

calculate the percentage of cells in the G0/G1, S, and G2/M

phases [24].
2.9. Apoptosis assay

According to the method of cell-cycle analyses described

above, cell culture and treatmentwere carried out. Annexin V-

FITC/PI double staining method was employed to analyze cell

apoptosis using commercial detection kit (BestBio Co.)

following the manufacturer's instructions [18].

2.10. Western blot analysis

MCF-7 cells were incubated in a 25 cm2 cell culture flask for

24 hours at a density of 5 � 105 cells/flask. After incubation for

24 hours, the cells were treated with different concentrations

of ZTP (0 mg/mL, 50 mg/mL, and 100 mg/mL) for 48 hours, or

treatedwith 100 mg/mL ZTP for different time periods (0 hours,

24 hours, 48 hours). The total proteins of collected MCF-7 cells

were extracted in lysis buffer (150mM NaCl, 50mM Tris at pH

7.4, 1mMEDTA, 1% Triton X-100, 0.5% SDS, and 0.01% protease

inhibitor cocktail) and quantified using the bicinchoninic acid

(BCA) method. Equal amounts of lysate samples were sepa-

rated on sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE) for 90minutes at 110 V and transferred to

the PVDF membrane for 2 hours at 300 mA for assessment of

the levels of Bax, Bcl-2, CDK2, p53, and GAPDH. Subsequently,

the PVDF membranes were incubated overnight at 4�C with

the antibodies at the following concentrations: mouse anti-

Bax (1:750), mouse anti-Bcl-2 (1:750), rabbit anti-CDK2 (1:750),

rabbit anti-p53 (1:750), and rabbit anti-GAPDH (1:1000). After

the membrane was washed by PBST (0.1% Tween-20 in PBS

buffer), followed by incubation with horseradish peroxidase-

conjugated goat antimouse or horseradish peroxidase-rabbit

secondary antibody (1:5000) at 37�C for 2 hours. Protein

bands were visualized using ECL detection reagent (Pierce)

and detected by ImageJ software (version 1.43, National In-

stitutes of Health, Bethesda, MD, USA) [18,25,26].

2.11. Assay for caspase-3 and -9 activities

MCF-7 cells were treated with 0e100 mg/mL ZTP, and caspase-

3 and -9 activities were assessed by the caspase activity assay

kit (BestBio Inc.) according to the manufacturer's instructions.
Control or treated cells were lysed in 100 mL of cold lysis buffer

containing 1M dithiothreitol (10 mL/mL buffer) and incubated

on ice for 15 minutes. After centrifugation (1000g), the super-

natant containing about 20e50 mg protein was mixed with

90 mL detection buffer and 10 mL catalytic substrate (Ac-DEVD-

pNA specific for caspase-3 and Ac-LEHD-pNA for caspase-9) in

a 96-well microplate [27]. All samples were incubated at 37�C
for 2 hours. The absorbance, representing the activity of cas-

pases, was measured at 405 nm with an enzyme-linked

immunosorbent assay (ELISA) reader (Rayto-RT6000; Rayto).

Data are expressed as percentage of the control, which is

designated as 1.0.

2.12. Measurement of intracellular reactive oxygen
species (ROS)

MCF-7 cells were initially seeded in six-well plates at a density

of 1 � 105 cells/well in triplicate and incubated at 37�C for

24 hours. The cells were then treated with or without ZTP or

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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H2O2 as a positive control for 12 hours. Subsequently, the cells

were washed twice with PBS and exposed to 10mM DCFH-DA

probe at 37�C for 30 minutes. ROS generation was quantified

with flow cytometry (excitation 485 nm, emission 525 nm),

and ROS content was calculated as percentages relative to the

oxidative stress of the control cells (100%) [18].
2.13. Statistical analysis

Values of test results in triplicate were expressed as means

and standard deviation. IC50 of ZTP was calculated using a

linearizing regression analysis, which was performed by Excel

2003 (Microsoft, Redmond, WA, USA). Statistical analysis was

performed by SPSS 16.0, and the difference among treatment

groups was analyzed with Duncan's multiple range tests. A

significant difference was considered for p < 0.05.
3. Results

3.1. ZTP inhibited proliferation of human breast cancer
cells

As shown in Figure 1, ZTP at 10 mg/mL, 50 mg/mL, 100 mg/mL,

200 mg/mL, and 400 mg/mL, with an IC50 value of 172.2 mg/mL,
Figure 1 e Effects of ZTP on cellular viability and morphology in

without different concentrations of ZTP at 0 mg/mL, 10 mg/mL, 50

48 hours, and 72 hours, and then the cell viabilities of (A) MCF-7

assessed by MTT assay. Data represent mean ± SD of three inde

concentrations of ZTP for 48 hours showed morphological chan

microscope magnification, 200£). * p < 0.05 indicates statisticall

indicates statistically significant difference versus the control g

diphenyltetrazolium bromide; SD ¼ standard deviation.
significantly inhibited cellular proliferation of MCF-7 cells for

72 hours in a dose- and time-dependent manner, when

compared with the untreated cells (p < 0.05, Figure 1A).

Interestingly, no effect was observed in normal mammary

epithelial MCF-10A cells (Figure 1B), suggesting that ZTP spe-

cifically targeted cancer cells while sparing normal cells. As

observed under a microscope (Figure 1C), MCF-7 cells also

showed great changes in themorphology after treatment with

ZTP at 50 mg/mL and 200 mg/mL. The shape of untreated

normal cells was regular (a in Figure 1C), whereas MCF-7 cells

treated with ZTP exhibited morphological alterations, such as

cell shrinkage and blebbing, disorganization, and elongation

of membrane (b and c in Figure 1C). At the same time, some of

them lost their ability to adhere to the plate surface, and de-

tached from the bottom, aggregated, and floated in the me-

dium, leading to a decrease in the density of ZTP-treated cells.

The extent of the changes in cell morphology and density

depended on the concentrations of ZTP.
3.2. ZTP perturbed cell-cycle progression and modulated
cell-cycle regulatory molecules

To determine the cellular mechanism of growth inhibitory

effects of ZTP on MCF-7 cells, we investigated cell-cycle pro-

gression after ZTP treatment. As shown in Figure 2, the
human breast cancer MCF-7 cells. Cells were treated with or

mg/mL, 100 mg/mL, 200 mg/mL, and 400 mg/mL for 24 hours,

cells and (B) the normal human breast cells (MCF-10A) were

pendent experiments. (C) MCF-7 cells in response to various

ges, which indicated ZTP-induced cell death (original

y significant difference versus the control group. ** p < 0.01

roup. MTT ¼ 3-(4,5-dimethylthiazol-2-yl)-2,5-
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Figure 2 e Regulative effects of ZTP on cell-cycle arrest and the expression of correlative proteins in MCF-7 cells. (A)

Representative histograms of DNA content in MCF-7 cells treated for 24 hours and (B) the distribution of cell cycles in ZTP-

treated cells are shown. The protein expression of p53 and CDK2 was determined in MCF-7 cells (C, E) with or without ZTP

(control, 50 mg/mL, and 100 mg/mL) for 24 hours, and (D, F) 100 mg/mL ZTP for 24 hours and 48 hours by Western blot assay.

All values are expressed as mean ± SD of three independent experiments. The asterisks indicate a significant difference

between control and ZTP-treated cells. * p < 0.05. ** p < 0.01. SD ¼ standard deviation.
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treatment of MCF-7 cells with 50 mg/mL and 100 mg/mL ZTP

caused, respectively, 8.1% and 25.2% increases of cells in the

G0/G1 phase after 24 hours of exposure in comparison with

untreated MCF-7 cells, accompanied by a decrease in the

percentage of cells in the S phase from 34.8% to 21.0% and

5.8%, respectively. At the tested concentrations, ZTP did not

induce significant change in the G2/M phase (Figures 2A and

2B), suggesting that the treated cells were subjected to a

blockage at the G1 phase of the cell cycle.

To further test whether ZTP-induced protein expression

was associated with G0/G1 phase blockage in MCF-7 cells, the

levels of cell-cycle-regulating proteins p53 and CDK2 were

determined by immunoblotting. The levels of GAPDH served

as an internal control. It was found that the treatment of MCF-

7 cells with ZTP at 50 mg/mL and 100 mg/mL resulted in

downregulation of CDK2 protein and upregulation in p53

levels. As depicted in Figures 2C and 2D, p53 expression

significantly increased up to 2.77- and 4.54-fold above that in

untreated control MCF-7 cells (p < 0.01) following the treat-

ment of MCF-7 cells with 100 mg/mL of ZTP for 24 hours and

48 hours, respectively; however, CDK2 expression decreased

0.65- and 0.17-fold with respect to control cells (p < 0.05),

respectively (Figures 2E and 2F), suggesting that ZTP blocked

the progression of the cell cycle at the G0/G1 phase by modi-

fying p53 and CDK2 expression.

3.3. ZTP induced mitochondria-mediated intrinsic
apoptosis

Cell-cycle deregulation and apoptosis are closely related

events, and disruption of cell-cycle progression may ulti-

mately lead to apoptotic/necrotic death [28]. In this study,

phosphatidylserine translocation was assessed to determine

the apoptosis of the ZTP-treated MCF-7 cells by staining with

FITC-conjugated annexin V. As shown in Figure 3A, annexin

V-positive cells were remarkably increased in MCF-7 cells in a

dose-dependent manner. In comparison with vehicle-treated

cells within 48 hours, ZTP induced early and late apoptosis

in 12.4%, 24.7%, and 33.7% of MCF-7 cells exposed to 10 mg/mL,

50 mg/mL, and 100 mg/mL, respectively (Figure 3B).

Bcl-2 protein has been associated with apoptosis inhibition,

whereas the expression of Bax has been associated with

apoptosis induction [28]; thus, the Bax/Bcl-2 ratio is important

in apoptosis [29]. In this study,we nextmeasured the change of

the expression of the Bcl-2 family protein and the activation of

caspases. Immunoblot analysis showed that the treatment of

MCF-7 cells with ZTP at 50 mg/mL and 100 mg/mL increased Bax

protein levels after 48hoursofexposure (Figure3C). Bycontrast,

ZTP decreased Bcl-2 levels, leading to a sharp increase in

the proapoptotic/antiapoptotic Bax/Bcl-2 ratio (p < 0.01,

Figure 3C).

To further examine the involvement of caspases in

apoptosis induction of ZTP, the activities of caspase-3 and -9

were also examined subsequently, as shown in Figures 4A and

4B, respectively. The results showed that both caspase-3 and

-9 were activated significantly after ZTP treatment for

48 hours in MCF-7 cells. ZTP at a concentration of 50 mg/mL

caused 1.26- and 1.04-fold increases in the activities of

caspase-3 and -9 in MCF-7 cells, respectively (p < 0.01); a

higher concentration of ZTP (100 mg/mL) induced further
enhancements in the activation of caspase-3 and

-9dincrements of 2.10- and 1.65-fold above control cells

(p < 0.01), respectively. This finding indicates that mitochon-

drial pathway is involved in ZTP-induced apoptosis.

3.4. Involvement of intracellular ROS in ZTP-induced
apoptosis

To determine whether intracellular ROS is involved in the

cellular mechanism of growth inhibitory effects of ZTP on

MCF-7 cells, we employed flow cytometry to further detect the

changes of 2ʹ,7ʹ-Dichlorodihydrofluorescein diacetate

(H2DCFDA) fluorescence intensity in MCF-7 cells exposed to

ZTP (50 mg/mL and 100 mg/mL) for 12 hours. As shown in

Figure 5A, the treatment with ZTP increased the proportion of

cells with elevated green fluorescence intensity in a dose-

dependent manner, indicating that ZTP induced the accu-

mulation of intracellular ROS in the mitochondria of MCF-

7 cells. As displayed in Figure 5B, ZTP at 50 mg/mL caused a

11.2-fold increase in ROS accumulation in MCF-7 cells, and a

further treatment ofMCF-7 cells with 100 mg/mL of ZTP led to a

concentration-dependent accumulation of intracellular ROS

(an increase of 14.1-fold) relative to untreated control cells

(p < 0.01). A similar increase (by 9.4-fold) in green fluorescence

intensity of MCF-7 cells was also obtained via incubation with

H2O2 serving as a positive control for measuring the effects of

oxidative stress (Figure 5A, p < 0.01 vs. control). These results

indicate that ZTP induces growth inhibition and apoptosis

through enhancing intracellular oxidative stress of breast

cancer MCF-7 cells.

3.5. Identification of bioactive phytochemicals in ZTP

Given the significant activity of ZTP, we next attempted to

examine and identify its bioactive constituents. Herein, we

successively extracted the polyphenol-enriched ZTP with a

multistep purification procedure. With this method, the

extraction yield of ZTP from Ziyang green tea could reach

3.7% (w/w) of the dried tea. The content of total flavonoids

was 27.6 mg GAEs/mg extract, suggesting that ZTP was a

polyphenol-enriched extract. To further characterize compo-

sition information, ZTP was also subjected to compositional

determination of monomeric phytochemical compounds by a

HPLC technique. A representative HPLC chromatogram of

authentic standards is shown in Figure 6, and the identified

phytochemicals of ZTP by HPLC are illustrated in Table 1. The

identification of bioactive constituents was performed ac-

cording to the retention time (tR) obtained from authentic

standards under identical HPLC conditions. As depicted in

Figure 6, five peaks corresponding to authentic standards

were identified in the order of EGC (9.5 minutes), catechin

(11.2 minutes), EGCG (16.0 minutes), quercetin (18.5 minutes),

and ECG (22.5 minutes). In this study, linear regression was

assessed for the content calculation, and the assay had

excellent linearity between Y (peak area of the standard

polyphenols) and X (concentration of the polyphenols) with

the correlation coefficients (R2) in the range 0.9892e0.9994,

and the quantitative data were calculated from their respec-

tive calibration curves (Table 1). As shown in Figure 6 and

Table 1, ZTP was characterized by the presence of four

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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Figure 3 e ZTP induced apoptosis through the initiation of the mitochondrial pathway. MCF-7 cells were treated with ZTP at

10 mg/mL, 50 mg/mL, and 100 mg/mL for 48 hours, and after harvesting, MCF-7 cells were double stained with annexin V-FITC

and PI, and then 10,000 cells were analyzed by flow cytometry. (A) Representative dot plots of annexin V/PI staining. (B)

Column bar graph of apoptotic cells. (C) After MCF-7 cells were further treated with ZTP at 50 mg/mL and 100 mg/mL for

48 hours, and at 100 mg/mL for 24 hours and 48 hours, the expression levels of Bcl-2 family protein and the corresponding

ratio of Bax/Bcl-2 are assayed, respectively. Western blot analysis was performed in triplicate per experimental point, and

the relative expression of protein was quantified densitometrically; GAPDH was used as a reference control. The number

under each band in the immunoblot indicates the relative intensity of the corresponding band. * p < 0.05, as compared with

the control cells. ** p < 0.01, as compared with the control cells. PI ¼ propidium iodide.

j o u r n a l o f f o o d and d ru g an a l y s i s 2 4 ( 2 0 1 6 ) 5 2 7e5 3 8 533
flavonoids, and (e)-epigallocatechin-3-gallate (EGCG, 28.2%)

was presented in the highest content in ZTP, followed by

catechin (17.3%), (e)-epicatechin-3-gallate (ECG, 12.6%), and

EGC (5.7%), and only a trace amount of quercetin (2.8 mg/mg)

was detected. The results obtained in this test clearly indicate
that the tea extract ZTP presents a characteristic phenolic

profile with noticeable amounts of lipophilic flavonoids,

which are most probably responsible for the remarkable

antiproliferative activity of Ziyang green extract against

human breast cancer MCF-7 cells.

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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Figure 4 e Effects of ZTP on the activities of (A) caspase-3

and (B) caspase-9 in MCF-7 cells. The values of optical

density at 405 nm were determined by an ELISA reader.

5-FU (100 mg/mL) was used as positive control. Values are

means ± SD of three independent experiments. * p < 0.05

versus untreated cells. ** p < 0.01 versus untreated cells.

ELISA ¼ enzyme-linked immunosorbent assay;

SD ¼ standard deviation; 5-FU ¼ 5-fuorouracil.

Figure 5 e ZTP-mediated accumulation of intracellular ROS

in MCF-7 cells. MCF-7 cells were preincubated with or

without various concentrations of ZTP (0 mg/mL, 50 mg/mL,

and 100 mg/mL) for 12 hours, and then the intracellular ROS

level was measured by a DCFH-DA probe (A) and the folds

over control was calculated (B). H2O2 (50mM) was used as a

positive control. The results represent the mean ± SD of

three independent experiments. ** p < 0.01 indicates

statistically significant difference with untreated cells.

ROS ¼ reactive oxygen species; SD ¼ standard deviation.
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4. Discussion

Breast cancer is one of themost common cancers in theworld.

No effective chemotherapeutic strategy is available to treat

breast cancer successfully [22]. Natural products have become

more popular for the prevention or treatment of cancer. Tea

with high levels of catechins has been consumed as a favorite

beverage worldwide and is regarded as health drinks with

cancer preventative properties [30]. Some scientists believe

that isolated pure compounds do not have the same health

benefits, owing to the loss of synergic or additive biological

effects, as a compound that is present in whole, vegetables,

fruits, or tea [31,32]. Chinese selenium-enriched Ziyang green

tea, a new cultivar of C. sinensis, is used as an important di-

etary source of natural antioxidants, and the phenolic cate-

chins can affect cancerous cells through cell-cycle arrest and

activation of apoptotic signal transduction pathways [33]. Our
analysis showed that the ZTP contained 0.39 mg/g selenium,

which was evaluated by our established method [34]. In this

regard, ZTP may have a high breast carcinoma-inhibitory ac-

tivity. In this study, we demonstrated for the first time that

ZTP exhibited remarkably high cell growth inhibition, cell-

cycle arrest, induction of apoptosis, and ROS production

against human breast cancer MCF-7 cells, but did not exert

any significant toxicity on normal breast cells. Our finding

contributes to the understanding of the strong positive rela-

tionship between total flavonoid content in ZTP and anti-

tumor activity, and also makes it a promising polyphenolic

fraction for the development of novel effective cancer pre-

ventive or therapeutic agents.

It is well known that there is a balance between cell-cycle

arrest and cell death through apoptosis in response to

genomic damage and cellular stress in proliferating cells [35].

Defects in this balance lead to the development of cancer and

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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Figure 6 e Typical HPLC chromatograms for the separation and analysis of (A) authentic standards and (B) catechins found

in ZTP, as detected by absorbance at 280 nm. Chemical formulas of the major active flavonoids were marked. HPLC analysis

was performed as described in the experimental section. Assignment of peaks is as follows: (1) (¡)-epigallocatechin, (2)

catechin, (3) (¡)-epigallocatechin gallate, (4) quercetin, and (5) (¡)-epicatechin gallate. HPLC ¼ high-performance liquid

chromatography.
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other pathological conditions [36]. In the present study, we

have characterized the mechanisms of the ZTP-induced

inhibitory effect of MCF-7 cells by inducing G0/G1 cell-cycle

arrest, and consequently apoptosis in a dose- and time-

dependent manner. It is well known that the eukaryotic cell

cycle is strictly regulated by different cyclins/cyclin-

dependent kinase (CDK) complexes, and p53 exerts its ef-

fects through transcriptional activation of target genes such

as CDK inhibitor p21 and then mediates both G1 and G2/M
phase arrest [37]; therefore, induction of cell-cycle arrest has

become an appreciated target for the management of cancer

[38,39]. Our results suggested that ZTP blocked proliferation of

tumor cells by arresting the cells in the G0/G1 phase of the cell

cycle. Previous works suggested that EGCG (main in ZTP)

upregulates the expression of p21 to inhibit cancer cell pro-

liferation, which is regulated by p53 [40,41]. The treatment of

MCF-7 cells with ZTP resulted in a significant upregulation in

the expression level of p53 protein and downregulation in the

http://dx.doi.org/10.1016/j.jfda.2016.01.005
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Table 1 e Calibration curves and contents of the identified polyphenols in ZTP from Ziyang green tea by HPLC.

Peaks Assigned identitya tR (min) Content
(mg/mg)

Equation of regression
(y ¼ ax þ b)

R2

1 EGC 9.51 ± 0.12 56.8 y ¼ 0.33085x þ 0.09659 0.9892

2 Catechin 11.23 ± 0.09 172.8 y ¼ 2.21653x þ 0.01551 0.9952

3 EGCG 16.01 ± 0.06 281.5 y ¼ 1.19199x þ 0.03923 0.9991

4 Quercetin 18.50 ± 0.11 2.8 y ¼ 0.98562x þ 0.01295 0.9987

5 ECG 22.52 ± 0.15 126.3 y ¼ 1.90724x þ 0.06391 0.9994

ECG¼ (�)-epicatechin gallate; EGC¼ (�)-epigallocatechin; EGCG¼ (�)-epigallocatechin gallate; HPLC ¼ high-performance liquid

chromatography.
a Content of each component in ZTP is expressed as mg/mg dried extract.
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expression level of CDK2 protein (Figure 2). As a result, the

growth inhibition of ZTP was suggested to be associated with

the G0/G1 arrest, which was implicated in p53-dependent

regulation in MCF-7 cells.

Selective induction of apoptosis is a highly desirable trait of

ideal chemopreventive and chemotherapeutic regimens.

Mitochondria are thought to be the major pathway for

apoptosis, and therefore, targeting themitochondria is a novel

strategy for cancer therapy [42e46]. Mitochondrial-mediate

apoptosis is highly regulated by the Bcl-2 family proteins

comprising both antiapoptotic (Bcl-2 and Bcl-xL) and proapo-

ptotic (Bax and Bak) members, and the balance between the

expression levels of pro- and antiapoptotic proteins is critical

for cell survival or cell death [42e46]. We found that ZTP

treatment could result in a significant increase in Bax

expression and a decrease in Bcl-2 expression, suggesting that

the change in the ratio of pro- and antiapoptotic Bcl-2 family

proteins might largely contribute to the mitochondria-

mediated apoptosis (Figure 3). In addition, the caspase prote-

ase family also plays a crucial role in the process of apoptotic

signal transduction [47,48]. Caspase-9 is the initiator caspase

responsible for the activation of the executioner caspases,

such as downstream caspase-3, within the mitochondrial

pathway of apoptosis [49]. In our study, we assessed the ac-

tivity of caspase-3 and its upstream initiator caspase-9. From

the tested results, it was clearly found that ZTP significantly

enhanced the activities of caspase-9 and -3, suggesting that

the mitochondrial pathway of apoptosis was involved in ZTP-

induced apoptosis in human beast carcinoma MCF-7 cells.

Mitochondria are a source of ROS during apoptosis, and a

reduced mitochondria membrane potential leads to ROS

generation and apoptosis [50]. ROS has been implicated as a

secondmessenger inmultiple signaling pathways [50] and can

also play an important role in apoptosis by regulating the

activity of certain enzymes involved in the cell death pathway

[50e53]. To investigate if the mitochondrial dysfunction in

ZTP-treated MCF-7 cells was promoted by ROS production, we

measured ROS levels using the cell-permeable dye DCFH-DA.

As compared with the untreated control cells (Figure 5A), the

accumulation of intracellular ROS of ZTP-treated cells for

24 hours was significantly elevated, suggesting that the

apoptotic effect of ZTP on MCF-7 cells was associated with an

elevated level of intracellular ROS and ROS production might

lead to apoptotic cell death via the mitochondrial pathway.

These findings are in line with the previous reports [51],

showing that polyphenol-rich extracts from açai pulp and açai
oil significantly inhibited cell proliferation and increased ROS

generation [51]. Although tea polyphenols exhibited strong

antioxidant activities in vitro [7], these antioxidant properties

may not be entirely responsible for their chemopreventive

effects [54]. In the presence of transitional metal ions, poly-

phenols as antioxidants are also considered to exhibit pro-

oxidant properties [55]. Thus, the pro-oxidant properties of

polyphenols may account for their anticancer properties

owing to the fact that chromatin-bound endogenous transi-

tional metal ions were mediated by polyphenols to generate

ROS in apoptosis processes of cancer cells [54]. Previous

studies have reported that catechin (17.3% in ZTP) exert pro-

oxidant actions [54,56]. Accordingly, potential mechanisms

for the chemopreventive effect of ZTP were attributed to the

promotion of ROS, which in turn could lead to alternation of

the Bax/Bcl-2 ratio and activation of caspases, thereby initi-

ating cell injury/death [9,11,57]. Oxidative stresswas proved to

be involved in many diseases and to play an important role in

indirect genotoxicity. Previous studies on the pro-oxidant

activity have shown that EGCG may be converted to a phe-

noxyl radical after neutralizing the peroxy or other radicals [2].

Our study is the first to identify the remarkable anticancer

activity of the polyphenol-enriched extract (ZTP) from Chi-

nese Ziyang green tea against human breast cancer MCF-

7 cells. We demonstrate the selective effects of ZTP in inhib-

iting the growth of MCF-7 cancer cells withminimal effects on

normal cells. Our results also show that ZTP may be an

effective ingredient for the treatment and/or prevention of

breast cancer. Our data also show compelling evidence for

further evaluation of ZTP as a chemopreventive regimen for

breast cancer.
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