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The polyphenolic compounds present in green tea show antimutagenic, anti-inflammatory and antitumorigenic
effects in many cell culture systems and animal tumor models. Epidemiologic studies have also suggested that green
tea consumption might be effective in the prevention of certain human cancers. In this study, the differential anti-
proliferative responses of green tea polyphenols (GTP) were investigated in fibroblast cell line (L-929 cells, from
mouse connective tissue) and normal fibroblasts (from neonatal human dermis). GTP treatment (100 µM for 24 h)
resulted in significant (p < 0.05) inhibition of cell proliferation and morphological alterations with decreased local
attachment, but not in normal fibroblasts. Cell cycle analysis revealed that the GTP treatment resulted in an appre-
ciable G0/G1-phase arrest of the cell cycle in L-929 cells at 100 µM concentration, while under similar experimen-
tal conditions, no evidence of G0/G1-phase cell cycle arrest was found in normal fibroblasts at the same dose.
These results suggest that antiproliferative activity of GTP may be attributed to the differential regulation of cell cycle
in fibroblast cell line and normal fibroblasts, which GTP may be exploited to craft strategies for the chemopreven-
tion and/or therapy against cancer by GTP.
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INTRODUCTION

reen tea is one of the most popular beverages in the

world and a number of epidemiological studies, though

inconclusive, have shown that the consumption of green tea

may provide protection against a variety of cancer types.1,2)

These studies suggest that polyphenols can influence tumor

formation through an inhibition of various cellular processes

involved in cell replication and DNA synthesis, by interfering

with cell-to-cell adhesion,3) or by inhibiting some of the intra-

cellular communication pathways required for cell division.4)

Green tea polyphenols (GTP) have been shown to possess

cancer chemopreventive effects in a variety of in vitro and ani-

mal tumor bioassay systems.1,5,6) Most of the biological

responses to green tea are believed to be mediated by its

major polyphenolic antioxidant constituent epigallocatechin-3-

gallate (EGCG). The antioxidant potential of EGCG is believed

to be far greater than that of vitamin E and vitamin C.7,8) Fur-

thermore, it was reported that EGCG treatment resulted in a

G0/G1-phase cell cycle arrest and apoptosis of human epider-

moid carcinoma (A431) cells, but not of normal human epi-

dermal keratinocytes.9,10) These studies have also shown that

nuclear factor kB was involved in the mechanism of this differ-

ential response to EGCG in cancer cells vs. normal cells. Other

report has shown that epicatechin gallate, as compared to

other polyphenols in tea, would be a more effective chemo-

preventive agent of oral carcinoma due to its differential in

vitro cytotoxicity and apoptosis to carcinoma HSC-2 cells and

normal HGF-2 fibroblasts cells from the human oral cavity.11)

As described in these reports, dose-dependent differential

responses of GTP, in cancer cells or cell lines vs. normal cells

have been used as an important tool for cancer chemopre-

vention. In addition to cancer-preventive effects, in recent

years, the cancer-therapeutic potential of GTP is increasingly

being appreciated9,12) inasmuch as the National Cancer Insti-

tute has plans to develop tea compounds as cancer chemo-

preventive drugs for humans.13) In the present study, the

differential antiproliferative responses of GTP for two different

types of fibroblasts, mouse fibroblastic cell line (L-929 cells)

and normal human fibroblasts, were investigated on the basis

of cell cycle analysis.

MATERIALS AND METHODS

Fibroblast Cultures and Conditions
The mouse fibroblast cell line (L-929 cells from subcutane-
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ous connective tissue) was obtained from American Type Cul-

ture Collection (Rockville, MD). The normal human dermal

fibroblasts (NHDF) were prepared from neonatal human der-

mis using a standard procedure.14) Both fibroblasts were cul-

tured in Dulbecco's modified Eagle's medium (DMEM, Sigma

Co., St. Louis, MO) supplemented with 10% fetal bovine

serum and 1% antibiotic antimycotic solution (Sigma Co.). The

cells were routinely maintained at 37oC and 5% CO2 in a

humid environment.

Polyphenol Treatment
The polyphenolic compounds extracted from green tea

were kindly supplied by Pharma Foods International Co. Ltd.,

Kyoto Japan. As shown in Figure 1, the mixture was mainly

composed of (–)-epigallocatechin-3-O-gallate (28%), (–)-epigal-

locatechin (15.0%), (–)-gallocatechin-3-O-gallate (11.6%), (–)-

epicatechin (7.0%), (–)-epicatechin-3-O-gallate (4.6%), (+)-gal-

locatechin (14.8%), and (+)-catechin (9.5%), and its purity

exceeded 90%.15,16) In order to assess the differential antipro-

liferative responses of GTP for normal vs. immortalized fibro-

blasts, the cells were incubated for 24 h in the presence of

GTP at micromolar concentrations of 0.1, 1, 10 and 100 µM,

under the above-mentioned conditions, which was added to

the cultured cells.

Cell Proliferation Assay
After the cells were treated with the pre-determined con-

centrations of GTP, MTT assay [reduction of 3-(4,5-dimethylth-

iazol-2-yl)-2,5-diphenyltetrazolium bromide to a purple formazan

product] was used to estimate cell proliferation.16) The cells

were incubated with 0.5 mg/ml of MTT in the last 4 h of the

culture period tested at 37oC in the dark. The media were

decanted and then washed twice with phosphate-buffered

saline (PBS, pH 7.2). The produced formazan salts were dis-

solved with dimethylsulphoxide, and the absorbance was

determined at 570 nm in an ELISA reader (Spectra Max 340,

Molecular Device Inc., CA).

Cell Morphology Observation
At the completion of incubation with or without GTP, cellu-

lar morphology was observed using an Olympus IX70 inverted

system microscope (Olympus Optical Co., Osaka, Japan).

Cell Cycle Analysis
For cell cycle analysis, the cells, following treatment with

GTP, were collected, washed with cold PBS and resuspended

in 95% cold methanol for 1 h at 4oC. The cells were then

centrifuged at 1100 rpm for 5 min, and the pellet was washed

twice with cold PBS, suspended in PBS and incubated with

RNase (20 Units/ml, final concentration, Sigma Co.) at 37oC

for 30 min. The cells were chilled over ice for 10 min, stained

with 100 ìg/ml propidium iodide for 1 h and analyzed by flow

cytometry (FACSCalibur, Becton Dickinson, San Jose, CA).

Statistical Analysis
All the variables were tested in three independent cultures

for each experiment, and each experiment was repeated

twice (n = 6). The results were reported as a mean ± stan-

dard deviation and analyzed by Student t-tests. Statistical sig-

nificance was considered at p < 0.05.

RESULTS AND DISCUSSION

Differential Effects of GTP on Proliferation and Mor-
phology in Immortalized vs. Normal Fibroblasts

Employing the L-929 cells and NHDF, the effect of GTP on

Figure 1. Chemical structures of (–)-epicatechin, (–)-epigallocatechin,
(–)-epicatechin gallate and (–)-epigallocatechin gallate, the polyphe-
nolic constituents of green tea.

Figure 2. Differential effects of GTP on proliferation in normal vs
immortalized fibroblasts. The cells were incubated with GTP (0.1, 1
10, and 100 µM for 24 h) and the cell proliferation was determined
by MTT assay. The data are represented as percent of control, where
the control, non-treated cells, represent 100%. The results are
reported as means ± standard deviation (n = 6). The data is ana
lyzed by Student t-tests, and the values marked with asterisks are sig
nificantly (p < 0.05) different from the non-treated control.
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cell proliferation were examined by MTT assay. As shown in

Figure 2, the GTP treatment (100 µM for 24 h) to L-929 cells

resulted in significant inhibition of the cell proliferation (p <

0.05), but did not impart inhibitory responses for the NHDF

at the same dose of GTP. On the other hand, it was revealed

that the NHDF treated with over 200 µM of GTP had partially

lost their mechanism of feedback control for proliferation dur-

ing the treatment but, the proliferation control was slowly

recovered by the cell to cell contact and returned to a normal

level after the removal of GTP from the medium (data not

shown). These phenomena observed in this study might be

related to the intrinsic characteristics of polyphenolic com-

pounds. It has already been known that this compound pene-

trates readily into the extracellular matrix and cell membrane

due to its amphipathic properties and is easily adsorbed onto

any types of cellular proteins.17) Therefore, the compound

combines easily with receptors on the cell surface. The

adsorption of polyphenolic compounds to the protein is gen-

erated early, but the desorption rate is very slow. Moreover,

some researchers reported that small ethanol concentrations

(equivalent to 1 mM) inhibited cell proliferation and increased

apoptosis more strongly in HepG2 cells than in normal rat

hepatocytes, and 1 mM ethanol might be used as a treatment

for hepatocellular carcinoma because this mainly affected

tumor cells but not surrounding normal tissue.18) Others

showed that the differential response of primary keratinocytes

and autonomously growing keratinocyte-derived cell lines

(A431 and HaCaT) to the induction of vascular endothelial

growth factor by UV light could favor neoangiogenesis in the

vicinity of epidermal tumor cells in vivo, thereby endowing

them with a growth advantage over normal cells.19)

These differential antiproliferative responses of GTP for

fibroblastic cell line and normal fibroblasts were also evident

from the morphological observations (Figure 3). The non-

treated control as well as the low doses (0.1-10 µM) of GTP

did not cause any alterations in the cellular morphologies of

the L-929 cells (Figure 3a). At the highest dose of GTP (100

µM), however, the number of attached L-929 cells were mark-

edly decreased, indicating that the GTP treatment might result

in a detachment of the cells. In contrast, this detachment phe-

nomenon was not observed in the NHDF (Figure 3b) even at

the highest dose of GTP, and the GTP itself had no effect on

the cellular viability and/or survival of the cells.

Differential Effects of GTP on Cell Cycle Distribution in
Immortalized vs. Normal Fibroblasts

To investigate the effect of GTP on distribution of the cells

in the cell cycle, DNA cell cycle analysis was performed

employing the growing L-929 cells and NHDF. As shown by

the data in Figure 4a, the GTP treatment resulted in an appre-

ciable increase in the G0/G1-phase of the cell cycle in the L-

929 cells (50.0, 52.9 and 62.0% cells at 1, 10 and 100 µM,

respectively), with a concomitant decrease of cell population

in the S-phase. Accordingly, the L-929 cells couldn't enter the

S-phase during the GTP treatment and GTP might induce a

G0/G1-phase arrest in the cell cycle. In this experiment, the

G0/G1 cell population of controls at the specified doses did

not change and ranged between 48 and 54%, probably

because growing (unsynchronized) cells were employed in

these experiments. Interestingly, the data also showed that 100

µM of GTP resulted in an appreciable increase in the popula-

tion of G2/M phase of the cell cycle. These results suggest that

the increases in the number of the cells and DNA synthesis

during the treatment period may be inhibited by GTP. There

was enough evidence that the induction of a G0/G1-phase

arrest in the cell cycle was due to the adsorption of polyphe-

Figure 3. Microscopic photographs (×200) of L-929 cells (a) and NHDF (b) treated with increasing concentrations of GTP. The cells were treated
with or without GTP (0.1, 1, 10, and 100 µM for 24 h) and observed by an optical microscope. These photographs are representative images
with similar results. The arrows represent locally detached sites.
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nol or blocking at specific sites on the cellular membrane or

DNA that effected the proliferation of cells and DNA replica-

tion.20-22) Moreover, recent study has demonstrated that

expression of the metastasis-associated 67-kDa laminin recep-

tor might confer EGCG responsiveness to cancer cells at phys-

iologically relevant concentrations.23)

Under similar treatment conditions, the GTP treatment did

not result in any significant change in the cell cycle distribu-

tion of the NHDF, only showing a slight fluctuation in the pop-

ulation of the phases of the cell cycle (Figure 4b). These

phenomena might be due to the differential biological activi-

ties of GTP, which exhibits a strong antioxidant activity as pre-

viously described.24,25) Furthermore, it has been reported that

polyphenol might play an important role in the prevention of

carcinogenesis due to DNA damage by reactive oxygen radi-

cals, as polyphenol would appear to bind to specific sites and

thus interrupt the exogenous signals required for the prolifera-

tion and growth of cells.26-28)
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