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A BSTRA CT

Differential biological responses of epigallocatechin-3-gallate, green 

tea polyphenol component, in neonatal human dermal fibroblast cell 

versus HT-1080 fibrosarcoma cell

Mi Hee Lee

Department of Medical Science

The Graduate School, Yonsei University 

(Directed by Professor Jong-Chul Park)

Green tea is one of the most widely consumed beverages in the world 

today, its medicinal properties have been widely explored. The tea 

polyphenols are known to be strong antioxidants in food chemistry. 

Among these polyphenols, EGCG accounts for 50-80% of the catechins 

and is the major component of green tea and mediate much of biological 

effects. EGCG possesses antioxidant, anti-inflammatory, anti-proliferative, 

and anti-cancer activities. 

Serveral studies have demonstrated that EGCG have cancer 

chemopreventive effects in many animal tumor bioassays, and can protect 

to cell damages against ROS in normal cells. 

In this study, we investigated the involvement of growth inhibition, 

induction of apoptosis, cell cycle distribution and NF-κB modulation as a 

mechanism of the differential biological response of EGCG in nHDF vs 

HT-1080 by EGCG. EGCG treatment resulted in a dose-dependent (i) 

inhibition of cell growth, (ii) G0/G1-phase arrest of the cell cycle, and (iii) 
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induction of apoptosis in both nHDFs and HT-1080 at different concentration. 

Western blot analysis revealed that EGCG treatment results in lowering of 

phospho NF-kB levels in a dose-dependent manner in both nHDF cells and 

HT-1080, albeit at different concentrations. Briefly, EGCG-mediated inhibition 

of cell growth and phospho NF-kB expression and  induction of apoptosis was 

found to occur at much higher dose of EGCG in nHDFs as compared to 

HT-1080. The results of oligo microarray were shown that EGCG regulated 

gene related cell cycle in nHDFs.

In conclusion, EGCG was found to impart differential dose-based inhibitory 

response in HT-1080 vs nHDF and EGCG-caused cell cycle deregulation and 

apoptosis  and growth inhibition of  cells may be mediated through  inhibition 

of  NF-kB activation.

����������������������������������������������������������������������

Key words : epigallocatechin gallate(EGCG), fibrosarcoma cell(HT-1080), 

neonatal human dermal fibroblast(nHDF), cell cycle, apoptosis, nuclear 

factor κB
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Differential biological responses of epigallocatechin-3-gallate, green 

tea polyphenol component, in neomatal human dermal fibroblast 

cell versus HT-1080 fibrosarcoma cell

Mi Hee Lee

Department of Medical Science

The Graduate School, Yonsei University 

(Directed by Professor Jong-Chul Park)

I. INTRODUCTION

1. Green tea Polyphenol

Green tea is one of the most widely consumed beverages in the world 

today, its medicinal properties have been widely explored. Tea derived 

from the leaves of the plant Camellia sinensis of the family Theaceae 

has been consumed in Southeast Asia for thousands of years. In ancient 

China, tea was lauded for various beneficial health-promoting effects, e.g., 

as medicinal remedies for headaches, body aches, depression, immune 

enhancement, digestion, and detoxification, as an energizer, as an 

antioxidant, and to prolong life1. Green tea contains many polyphenols 

known as catechins. The tea polyphenols are known to be strong 

antioxidants in food chemistry. However, the bioavailability of the 

catechins is limited because of their polyphenolic structure and their rapid 
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methylation and conjugation upon absorption2. The polyphenols, present in 

green tea, possess high antioxidant activities, which, in turn, protect cells 

against the adverse effects of damaging reactive oxygen species (ROS) 

that are constantly produced in the body. ROS, such as superoxide 

radical, hydroxyl radical, singlet oxygen, hydrogen peroxide, peroxynitrite, 

and alkoxyradicals, damage lipids, protein, and nucleic acids, and cellular 

components, such as ion channels, membranes, and chromatin, lead to 

cellular injury and cellular dysfunctions. These ROS are known to 

contribute to the etiology of many chronic health problems, including 

cardiovascular diseases, inflammatory diseases, diabetes, obesity, and 

cancer3,4. The polyphenolic constituents of tea can act as scavengers of 

ROS and thereby prevent damage to cellular macromolecules. The 

scavenging activity of the specific catechin molecules is related to the 

number of o-dihydroxy and o-hydroxyketo groups, solubility, 

concentration, the accessibility of the active group to the oxidant, and the 

stability of the reaction product5. The major catechins in green tea are 

epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin 

gallate (ECG), (-)-epicatechin (EC), and (+)-catechin (C). Among these 

polyphenols, EGCG (Figure 1) accounts for 50-80% of the catechins and 

is the major component of green tea and mediate much of biological 

effects6. EGCG possesses antioxidant7, anti-inflammatory8, 

anti-proliferative9, and anti-cancer activities10-13. 
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Figure 1. Structure of epigallocatechin 3-gallate 

(EGCG), the major polyphenolic constituent of green tea
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2.  Activity of EGCG  in cancer cell 

Green tea has potentially preventive effects against cancer. Several 

studies have demonstrated that EGCG have inhibitory effects against 

tumor formation and growth and anti-proliferative effects against many 

cancer cell lines and different animal model. Expression of the 

metastasis-associated 67-kDa laminin receptor confers EGCG 

responsiveness to cancer cells at physiologically relevant concerntrations14. 

In vitro studies have shown that EGCG can inhibit growth of human 

mammary and lung cancer cells, prostate cancer cells, lymphoma cells, 

leukemic cells, and lung and colon cancer cell lines by directly affecting 

the signaling pathways involved the activity of many protein kinases, 

blockage of the activation of transcription factors, such as activation 

protein-1 (AP-1) and nuclear factor κB (NF-κB), inhibition of cell 

proliferation, induction of apoptosis, modulation of cell cycle regulation 

as arrest of the cell cycle in G0/G1 phase, interference of receptor 

binding, and suppression of invasiveness and of angiogenesisin cell 

growth15,16. Epidermiological studies suggest also that EGCG has both 

antimatrix metalloproteinase and antiangiogenesis activities that can 

prevent the formation solid tumor and may be chemopreventative or 

inhibitory toward lung, skin, and liver cancer17-19, bladder and ovarian 

tumors20,21. 
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3.  Activity of EGCG in normal cells

Cancer cells were more sensitive than normal cells to the 

anti-proliferative activity of EGCG and EGCG induced apoptosis in 

cancer, but not in normal cells. Although many experiments suggests 

chemopreventive effects of EGCG, activity of EGCG in normal cell was 

not mainly focus. Upon non-frozen preservation of vascular tissues, GTP 

pretreatment resulted in significantly maintained cellular viabilities and 

eNOS expressions, enhanced mechanical properties & arterialized vessels, 

histologically well-preserved vascular structures22. When the osteoblastic 

cells were subject to R-F/T, the synergistically protective effect of GTP 

addition to freezing solution on attachment, proliferation, ALP activity 

and morphology was evaluated23. Also, EGCG was proved to be effective 

in protecting cold-preserved hepatocytes from cold-induced injury24,25. The 

studies suggest that EGCG can protect to cell damages against ROS on 

normal cells and maintain lower metabolic activity in cells without 

freezing.
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4. Nuclear factor κκκκB (NF-κκκκB) pathway

Chemopreventive agents regulate the molecules in the cell signal 

transduction pathways including NF-κB, Akt, MAPK, p53, AR, and ER 

pathways. By modulating cell signaling pathways, these components, 

among other mechanisms, activate cell death signals and induce apoptosis 

in precancerous or cancer cells, resulting in the inhibition of cancer 

development and/or progression26. Among many signaling pathways, 

various study indicate that  EGCG can inhibit both AP-1 and NF-κB 

activities, and provide evidence that these effects play a role in the 

inhibition of both cell growth and malignant cell transformation by this 

compound27-30. EGCG mediated activation of caspases is critical, at least 

in part, for inhibition of NF-κB and subsequent apoptosis31. It has been 

well accepted that NF-κB of transcription factors signaling pathway plays 

important roles in the control of cell growth, apoptosis, inflammation, 

stress response, and many other physiological processes32-36.  NF-kB 

consists of multiple members of the Rel family of proteins that include 

NF-κB1 (p105/p50), NF-κB2 (p100/p52), RelA (p65), RelB and c-Rel. 

The prototypical NF-κB complex is a p50/RelA heterodimer. The NF-κB 

dimers are largely sequestered in the cytoplasm in an inactive form 

through its association with an IκB inhibitor37. The activation of NF-B 

can be divided into two phases. The first phase involves cytoplasmic 

events culminating in the activation of the IκB kinases (IKK1 and 

IKK2). These kinases promote N-terminal phosphorylation of serines 32 

and 36 in IκB, leading to its polyubiquitylation and proteasome- mediated 

degradation. The liberated NF-κB complex rapidly translocates to the 

nucleus, ending the first phase38. The second phase occurs primarily in 

the nucleus and involves posttranslational modification of the NF-κB 
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transcription factor complex or relevant histones surrounding NF-κB target 

genes39. Both phosphorylation of RelA on serine 536 are required for 

NF-κB to achieve its full transcriptional activity and translocate to the 

nucleus following activation40,41. This process allows translocation of 

active NF-κB complexes into the nucleus, where they bind to specfic 

DNA motifs in the promoter/enhancer regions of target genes and activate 

their transcription. Modulation in the transactivation domains and/or 

nuclear translocation of NF-kB by a variety of stimuli leads to cell cycle 

arrest and apoptosis (Figure 2)42,43. 
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Figure 2. Nuclear factor κB (NF-κB) pathway
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5. Objective of this study

The purpose of this study is compared whether EGCG, green tea 

polyphenol component possesses to differential biological responses  in 

normal neonatal human dermal fibroblast versus HT-1080, human 

fibrosarcoma cell line, according to dose control. 

In this study, we investigated the involvement of  growth inhibition, 

induction of apoptosis, cell cycle distribution and NF-κB modulation as a 

mechanism of the differential biological response of EGCG in nHDF vs 

HT-1080 by EGCG. Furthermore, we observed change of gene expression 

in nHDFs with EGCG to compare the mRNA levels response of 3000 

genes by using cDNA microarrrays.
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II. MATERIALS AND METHODS

1. (-)-Epigallocatechin gallate (EGCG)

EGCG extracted from green tea were kindly supplied by prof. 

suong-hyu Hyon of PFI Inc., Kyoto, Japan. Its purity exceeded 99%. The 

EGCG was stocked as 100 mM dissolved in distilled water by filtering 

with syringe. 

2. Cells and cell cultures 

Human fibroblast cells, neonatal human dermal fibroblasts (nHDFs) 

were purchased from Cambrex corporation (East Rutherford, NJ, USA) 

and used between passages 5 to 15. Human fibrosarcoma cells, HT-1080 

were obstained from Amerucan Type Culture Collection (Rockville, MD, 

USA). nHDFs were cultured in Dulbecco's modified Eagle's medium 

(DMEM, Sigma, St. Louis, MO, USA) supplemented with 10% fetal 

bovine serum (FBS) and a 1% antibiotic antimycotic solution (Sigma). 

HT-1080 cells were cultured in minimum essential medium (MEM, Gibco

™ Invitrogen Corp., Carlsbad, CA, USA) supplemented with 10% fetal 

bovine serum (FBS) and 1% penicillin-streptomycin (Sigma). The cells 

were routinely maintained at 37℃ and 5% CO2 in a humid environment.
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3. Cell growth inhibition assay

The nHDFs and HT-1080 were inoculated in culture wells (24-well 

culture plate, Falcon, NJ, SUA) with 1㎖ growth medium containing 

1×105 cells, respectively. The cells were treated with EGCG ranging from 

10 to 1000 μM for 24 h. The viability cells were quntified using MTT 

assay which measures the mitochondrial dehydrogenase activity of living 

cells, based on the reduction of the yellow tetrazolium 

salt-3-(4,5-dimethylthiazol-2-yi)-2,5-diphenyltetrazolium bromide (MTT, 

Sigma) by metabolically activity cells to form insoluble purple formazan 

crystals and was used to estimate cell viability and proliferation44.  After 

cell incubation, the cells were incubated with 0.5 ㎎ /㎖ MTT reagent in 

the last 4 h of the culture period tested at 37 ℃ in the dark. The media 

were decanted and then washed twice with PBS. Subsequently, the 

produced formazan salts were dissolved with dimethyl sulphoxid and the 

solution was transffered to a 96 wells plate (Falcon). The absorbance was 

measured using an ELISA reader (Spectra Max 340, Molecular Device 

Inc., CA, USA) at a wavelength of 570 nm.
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4. DNA cell cycle analysis

nHDFs were incubated in 6-well plate for 24 h with EGCG at 100, 

200, 300 and 400 μM in complete medium.  HT-1080 were incubated 

for 24 h with EGCG at 10, 20, 40, 80, 100 and 200 μM in complete 

medium. The cells were trypsinized thereafter, washed twice with cold 

phosphate-buffered saline (PBS, 10 mM, pH 7.2), and centrifuged. The 

pellet was resuspended in 50 ㎕ of cold PBS and 450 ㎕ of cold 

ethanol (Sigma) for 1 h at 4 C. The cells were centrifuged at 1100 rpm 

for 5 min; the pellet was washed twice with cold PBS, suspended in 500 

㎕ of PBS and incubated with RNase (20 Units/ml, final concentration, 

Sigma) at 37 ℃ for 30 min. The cells were chilled over ice for 10 min, 

stained with propidium iodide (100 ㎍ /㎖ final concentration) for 1 h and 

analyzed by flow cytometry (FCM, FACSCalibur, Becton Dickinson, San 

Jose, CA, USA).
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5. Apoptosis assay

For quantification of apoptosis, nHDFs and HT-1080 were incubated 

at  density of 5×105 cells in 6-well plate for 24 h with EGCG at 100, 

200, 300 and 400 μM and 10, 20, 40, 80, 100 and 200 μM, 

respectively. The cells were trypsinized, washed with phosphate-buffered 

saline (PBS, 10 mM, pH 7.2), and processed for labeling with fluorescein 

labeled Annexin V (Annexin-V FITC) and propidium iodide (PI) by use 

of an ApoTarget apoptosis kit obtained from Biosource International, Inc. 

(Camarillo, CA, USA) as per product instruction. In brief,  the cells 

were resuspened in 100㎕ of binding buffer. 5㎕ Annexin V-FITC and 

10㎕ propidium iodide (50 ㎍ /㎖ ) were added to the samples for 5-15 

min in the dark. The labeled cells were then analyzed by flow cytometry 

(FCM, FACSCalibur, Becton Dickinson, San Jose, CA, USA). The data 

obtained was analyzed using the dot plot and histogram of CELLQuest 

software, written by Mac-App (Becton Dickinson).
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6. Western blot

For western blotting of NF-κB expression, nHDFs and HT-1080 were 

incubated at  density of 5×105 cells in 6-well plate for 24 h with EGCG 

at 100, 200, 300 and 400 μM and 10, 20, 40, 80, 100 and 200 μM, 

respectively. The cells were collected using a cell scraper after being 

washed with cold PBS and lysed with ice-cold RIPA buffer [150mM 

NaCl, 100mM Tris-HCl (pH 8.0), 1% Triton X-100, 1% Deoxy-cholic 

acid, 0.1% SDS, 5mM EDTA, 10mM NaF, 5mM DTT, 1mM PMSF, 

1mM sodium vandidate, 20μM leupeptin, 100μM aprotinin]. The mixture 

was then centrifuged at 12,000 x g for 10 min at 4℃ . The protein 

concentration was determined by the DC Bio-Rad assay using the 

manufacturer's protocol (Bio-Rad Laboratories, Inc., Hercules, CA). The 35 

㎍ of the protein from each extract was separated by 12.5% SDS-PAGE. 

The separated proteins were electrophoretically transferred to PVDF 

membrane. After blocking with a buffer containing 5% non-fat milk and 

0.1% Tween 20 for 1h at room temperature, the membrane was probed 

with a rabbit polyclonal NF-κB antibody (Cell signalling technology, 

Danvers, MA, USA), a rabbit polyclonal phospho NF-κB(Ser 537) 

antibody (Cell signalling technology) and a mouse monoclonal GAPDH 

antibody for normalization (Chemicon International, Temecula, CA, USA) 

for 2 h at room temperature, respectively. After washing three times with 

TBS-T buffer, the membranes bonded antibody were detected with 

anti-rabbit secondary antibody HRP conjugated (Santa Cruz Biotechnology) 

or HRP anti-mouse IgG (BD Biosciences Pharmingen, Franklin Lakes, NJ, 

USA) for 1 h at room temperature. The membrane was washed again, 

and the signals were visualized by a reaction with an ECL kit (ECL 

plus, Amersham, Buckinghamshire, England) for 5 min and exposed to 
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Hyperfilm ECL (Amersham). The intensity of each band was measured 

with Scion image.

7. DNA Microarray

In order to investigate to regulation of gene expression on nHDF 

treated EGCG, DNA microarray was requested to Genocheck (Ansan, 

Korea). nHDFs were incubated for 24 h with or without EGCG (200 μ

M). This study used GenoCheck platinum human cancer 3.0K oligo chip 

of  Qiagen (Hilden, Germany). Briefly process schema of this experiment 

shown Figure 3.

8. Statistical analysis

All experiments were performed in three times. The results are 

reported as a mean ± standard deviation and analyzed for significance 

using Student t-test (two tiled) (Excel 2003, Microsoft, WA, USA).  The 

p-value of the effect had to be < 0.05% to be considered significant.
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Figure 3. DNA microarray schema
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III. RESULTS

1. The comparison of cells growth inhibition by EGCG in nHDF 

vs HT-1080 

We examined effect of increasing concentration of EGCG on growth 

of the nHDFs and HT-1080 using MTT assay. EGCG treatment inhibited 

the growth in a dose-dependent manner. As shown in Figure 4, treatment 

with EGCG (10- 200 μM) during 24 h on HT-1080 resulted significantly 

inhibition of cell growth with concentration of upper 40 μM, inhibition of 

cell growth in a dose-dependent, which was more pronounced in upper 

80 μM of EGCG treatment. However, nHDFs did impart significant 

inhibitory response at the highest dose of EGCG, about 10 folds of 

concentration for growth inhibition on HT-1080 (Figure 5).

2.  Effect of cell cycle progression by EGCG 

We were examined the effects of EGCG on cell cycle progression in 

nHDFs and HT-1080 cells. Cell cycle distribution analysis of nHDFs 

treated with varying concentration of EGCG (100-400 μM) showed a 

appreciable G0/G1 arrest (Figure 6). EGCG treatments increased the 

percentage of cells in G0/G1 phase at increasing treatment concentration 

of EGCG and the percentage of cells in S-phase was significantly 

reduced by EGCG on nHDFs. The data showed that cell cycle 

distribution of HT-1080 treated with 10-40 μM EGCG showed to don't 

any significant change (Figure 7). 
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Figure 4. The effect of growth inhibition by EGCG in HT-1080. The data 

are represented as percent of control, where the control, non-treated cells, 

represent 100%. The results are reported as a mean ± SD (n = 3). The data is 

analyzed by a students' t-test, and the values are significantly different from the 

non-treated control ( * p < 0.05, ** p < 0.01).
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Figure 5. The effect of growth inhibition by EGCG in nHDFs. The data are 

represented as percent of control, where the control, non-treated cells, represent 

100%. The results are reported as a mean ± SD (n = 3). The data is analyzed by 

a students' t-test, and the values are significantly different from the non-treated 

control ( * p < 0.05, ** p < 0.01).
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Figure 6. Effects of EGCG on cell cycle distribution in  nHDF. The cells were 

treated with or without EGCG (100, 200, 300 and 400 µM for 24 h) and 

analyzed by flow cytometry. The percentages of cells in the G0/G1, S, and 

G2/M phases are calculated using Modifit computer software and represented 

within the histograms. The data shown at the upper panel are from a 

representative experiment repeated three times with similar results.
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Figure 7. Effects of EGCG on cell cycle distribution in  HT-1080. The cells 

were treated with or without EGCG (10, 20, 40, 80, 100 and 200 µM for 24 h) 

and analyzed by flow cytometry. The percentages of cells in the G0/G1, S, and 

G2/M phases are calculated using Modifit computer software and represented 

within the histograms. The data shown at the upper panel are from a 

representative experiment repeated three times with similar results.



-22-

However, under similar treatment condition treated on nHDFs, cell 

population in the G0/G1 phase of HT-1080 slightly increased. In this 

experiment, the G0/G1 cell population of controls at the specified doses 

did not change and ranged between 44 and 58%, probably because 

growing (unsynchronized) cells were employed in these experiments.

3. Induction of apoptosis 

The effect of EGCG to observe the cell death inductionwas evaluated 

by using annexin V-FITC and PI double staining. Annexin V-FITC 

detects externalized cell membrane phosphatidylserine, which is one 

characteristic of apoptosis; and PI, normally impenetrable through the 

intact cell membrane, is able to stain the nucleus during middle or late 

stage apoptosis when membrane integrity is lost. With the used of an 

Annexin V-propidium iodide double staining regime, four populations of 

cells are distinguishable: (a) viable: annexin-V negative and PI negative; 

(b) early apoptotic cell : annexin-V positive and PI negative; (c) late 

apoptotic cells: annexin-V positive and PI positive; (d) necrotic cells: 

annexin-V negative and PI positive. We characterized the induction of 

apoptosis in nHDFs and in HT-1080 following EGCG treatment  of 

100-400 μM and 10-200 μM, respectively. As evident by the distribution 

of annexin V and PI, compared to non-treated control, EGCG treatment 

of nHDF cells resulted in significant apoptosis at 300 μM. The apoptosis 

was not seen at 100, 200 μM dose whereas at upper 300 μM dose, a 

slight indication of apoptosis was evident (Figure 8). Therefore, EGCG of 

high dose accompanied with necrosis of cells . nHDF treated EGCG 

(100-400 μM) induced apoptosis in a dose-dependent manner. EGCG 

treatment of HT-1080 was observed to induction of apoptosis at upper 40
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μM. High dose as 200 μM, concentration to doesn't induce cell death on 

nHDF cells, HT-1080 was induced completely to apoptosis (Figure 9).

4. NF-κκκκB inhibition of EGCG 

Employing western blotting analysis, we investigated the effect of 

co-treatment of EGCG on activation of NF-κB. EGCG did not affect the 

protein level of the NF-kB p65 subunit in the cytoplasm both nHDF 

cells and HT1080 (Figure 10, 11). However, it decreased the active form, 

phospho-NF-kB p65(Ser536). As shown in Figure 12, EGCG treatment 

resulted in a remarkably decrease of NF-kB activity in comparison to 

non-treated and EGCG (100, 200, 300 and 400μM) alone treated groups. 

Also, we were found that treatment of HT-1080 with EGCG (from 10 to 

200μM) inhibit NF-κB activation in a dose-dependent manner (Figure 13).
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Figure 8. Induction of apoptosis by treated EGCG  in  nHDFs. The cells 

were treated with or without EGCG (100, 200, 300 and 400 µM for 24 h) and 

analyzed by flow cytometry. The percentages of cells in the viable, early 

apoptosis, late apoptosis and necrosis phase are calculated using the dot plot 

and histogram of CELLQuest software. The data shown at the upper panel 

are from a representative experiment repeated three times with similar results. 
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Figure 9. Induction of apoptosis by treated EGCG  in  HT-1080. The cells 

were treated with or without EGCG (10, 20, 40, 80, 100 and 200 µM for 24 h)  

and analyzed by flow cytometry. The percentages of cells in the viable, early 

apoptosis, late apoptosis and necrosis phase are calculated using the dot plot 

and histogram of CELLQuest software. The data shown at the upper panel 

are from a representative experiment repeated three times with similar results. 
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Figure 10. Effect of EGCG on the expression of NF-κB in nHDF. The blot 

shown in the upper panel is representative of 3 independent experiments 

showing similar results. The down panel shows the densitometric analyses of 

the 3 different blots. The data is analyzed by a students' t-test, and the results 

are not significantly different from the non-treated group (p < 0.05).
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Figure 11.Effect of EGCG on the expression of NF-κB in HT-1080. The blot 

shown in the upper panel is representative of 3 independent experiments 

showing similar results. The down panel shows the densitometric analyses of 

the 3 different blots. The data is analyzed by a students' t-test, and the results 

are not significantly different from the non-treated group (p < 0.05).
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Figure 12. Effect of EGCG on the expression of phospho NF-κB in nHDFs. 

The blot shown in the upper panel is representative of 3 independent 

experiments showing similar results. The down panel shows the densitometric 

analyses of the 3 different blots. The data is analyzed by a students' t-test, and 

the results are  significantly different from the non-treated group (*p < 0.05, ** 

p < 0.01).
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Figure 13. Effect of EGCG on the expression of phospho NF-κB in HT-1080. 

The blot shown in the upper panel is representative of 3 independent 

experiments showing similar results. The down panel shows the densitometric 

analyses of the 3 different blots. The data is analyzed by a students' t-test, and 

the results are  significantly different from the non-treated group (*p < 0.05, ** 

p < 0.01).
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5. Regulation of gene expression on nHDF cells by EGCG 

We used DNA microarray system to determine whether the gene 

expression of normal cells, nHDF could be influenced by the treatment 

with EGCG 200μM, not affecting concentration to cell growth,  during the 

24 h treatment. The results demonstrated that the variation of gene 

expression from human cancer DNA chip shown that the expressions of 

16 gene/protein were over-regulated more than at 2-fold and expressions 

of 47 gene/protein were down-regulated more than at 2-fold among 3000 

gene/protein. in response to 200 μM EGCG during the 24-h treatment (data not 

shown), comparison with non-treted cells. Several patterns of change were 

observed as gene and protein related signal transduction, cell metabolism and 

cell communication etc. Regulation of genes related cell growth, death and 

cell cycle were mainly observed (Table 1). The roles of these genes in 

cell were described table 2 and 3.
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Table 1. Oligo microarray determination of cell death and cycle related gene  

in nHDF with 200μM EGCG
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Table 2. The roles summary of over expressed gene in nHDF with 200μM 

EGCG

Gene Summary

CDKN1A

○ A potent cyclin-dependent kinase inhibitor

○ Functions as a regulator of cell cycle progression at G1

○ Can interact with proliferating cell nuclear antigen 

(PCNA), a DNA polymerase accessory factor, and plays 

a regulatory role in S phase DNA replication and DNA 

damage repair. 

PTPRU

○ A member of the protein tyrosine phosphatase (PTP) 

family. ○PTPs are known to be signaling molecules that 

regulate a variety of cellular processes including cell 

growth, differentiation, mitotic cycle, and oncogenic 

transformation. 

TNFRSF10C

○ Is not capable of inducing apoptosis

○ Function as an antagonistic receptor that protects cells 

from TRAIL-induced apoptosis.

○ The expression of this gene was detected in many 

normal tissues but not in most cancer cell lines, which 

may explain the specific sensitivity of cancer cells to the 

apoptosis-inducing activity of TRAIL.
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Table 3. The roles summary of down expressed gene in nHDF with 200μM 

EGCG

Gene Summary

CDC2

○ Encoded by this gene is a member of the Ser/Thr 

protein kinase family.

○ A catalytic subunit of the highly conserved protein 

kinase complex known as M-phase promoting factor 

(MPF), which is essential for G1/S and G2/M phase 

transitions of eukaryotic cell cycle. 

○ The phosphorylation and dephosphorylation of this 

protein also play important regulatory roles in cell cycle 

control.

CCNA2
○ Function as regulators of CDK kinases. 

○ This cyclin binds and activates CDC2 or CDK2 

kinases, and thus promotes both cell cycle G1/S and 

G2/M transitions.

MAD2L1

○ Acomponent of the mitotic spindle assembly 

checkpoint that prevents the onset of anaphase until all 

chromosomes are properly aligned at the metaphase 

plate.  

CCNB2 ○ Play a key role in transforming growth factor 

beta-mediated cell cycle control.
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Table 3. ~continued

Gene Summary

PKMYT1
○ This kinase preferentially phosphorylates and 

inactivates cell division cycle 2 protein (CDC2), and thus 

negatively regulates cell cycle G2/M transition. 

CCNB1

○ Encoded by this gene is a regulatory protein involved 

in mitosis.

○ Two alternative transcripts have been found, a 

constitutively expressed transcript and a cell 

cycle-regulated transcript, that is expressed 

predominantly during G2/M phase. 

MCM5
○ The encoded protein is upregulated in the transition 

from the G0 to G1/S phase of the cell cycle and may 

actively participate in cell cycle regulation.
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IV. DISCUSSION

Studies over the past 20 years have demonstrated that green tea 

polyphenol possess chemoprevention activities and antioxidant, 

anti-inflammatory, and antiapoptotic properties45 EGCG have been shown 

to induce differential responses in normal versus tumor cells at similar 

concentration46. Normal cells are protected; e.g., EGCG protects human 

salivary acinar and duct cells from radiation and chemotherapeutic 

drug-induced apoptosis47 and induced terminal differentiation in NHEK48,49. 

In contrast, tumor cells are induced to undergo apoptosis50,51. GTPP 

potently inhibited TNF-α, a proapoptotic cytokine52, and EGCG inhibited 

TNF-α mediated activation of the NF-κB pathway, thereby protecting 

normal cells from TNF-α induced apoptosis53

We designed this study to investigate the involvement of nuclear 

transcription factor NF-kB as an important contributor for the differential 

growth inhibitory, cell cycle deregulatory and apoptotic effects of EGCG. 

For this study, we employed HT-1080 as the model cancer cell type and 

nHDF as the model normal cell type. The data obtained from cell growth 

and apoptosis assay as well as revealed that EGCG treatment caused a 

inhibition of cell growth and induced finally apoptosis at dose-dependent 

manner. Apoptosis is closely related to growth not only because its outcome is 

the opposite, but also because growth cells are more apoptosis prone. The 

striking observation of cell growth was that EGCG treatment was able to 

inhibit growth and induce apoptosis in nHDFs at the highest dose of 

upper 10 fold more than concentration employed for the cancer cells. 

Futhermore, nHDFs treated EGCG of high dose were undergone to 

necrosis, accomplished with apoptosis. These findings suggested that 
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EGCG could be developed as an agent for specifically eliminating cancer 

cells without affecting the normal cells at below 200 μM, but use of 

excessive concentration can cause to cell death in normal cells. 

In cell cycle distribution, EGCG treatment  induces  G0/G1 arrest of slight 

fluctuation. However, striking results of G0/G1 arrest in nHDF observed at 

EGCG concentration not inhibition of cell growth and induction of  

apoptosis. It is interesting to observe that at these doses, in the nHDF, 

the cell cycle distribution results Go/G1 phase arrest. These phenomena 

might be due to the cytostatic effect of EGCG in nHDFs. Employing 

similar experimental conditions, it was established that EGCG treatment results 

in a significant inhibition of cell growth and function, a G0/G1-phase arrest of 

the cells in the cell cycle, and induction of apoptosis on justly differential dose 

level in both nHDF and HT-1080. Next, it was assessed the involvement of NF-

κB during the biological responses to EGCG. The data obtained from western 

blot analysis revealed that EGCG treatment did not affect in the constitutive 

levels of NF-κB, in both nHDFs and HT-1080. These observations suggest the 

existence of possibilities for the mechanism of EGCG-mediated NF-κB 

inactivation and apoptosis: EGCG may cause phosphorylative degradation of 

NF-κB, thereby inhibiting the translocation of NF-κB. Recent studies have 

suggested an antiapoptotic function and the cell cycle regulation of NF-κB. It is 

also possible that EGCG-mediated downmodulation of NF-κB might, at least in 

part, be responsible for deregulation of the cell cycle machinery and apoptotic 

of cells46 The mechanism of this differential response  by different of EGCG 

concentraion is not known. 

Since in the normal cells the responses are observed at very high doses, 

strategies may be crafted to use EGCG  for chemoprevention and/or therapy

against cancer. DNA microarray system to determine the gene expression 

of nHDF was observed mainly regulation of gene related cell growth, 
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death and cell cycle. To extend the DNA microarray data, the protein levels 

of cyclin B1 and cell division cycle 2 (cdc-2), down-regulated gene, in nHDFs 

treated EGCG (100, 200, 300 and 400 μM) should be further determined by 

Western analysis. 
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V. CONCLUSION

In this study, we evaluated whether EGCG, green tea polyphenol 

component possesses to differential biological responses in normal 

neonatal human dermal fibroblast versus HT-1080, human fibrodarcoma 

cell line, according to dose control. 

Our results show that EGCG treatment inhibited the growth and activation 

of NF-κB, induced G0/G1 arrest and apoptosis in HT-1080 at dose dependent 

manner, but not in nHDF treated similarly EGCG dose. However, EGCG 

treatment of high dose inhibited the growth and activation of NF-κB, induced 

G0/G1 arrest and not only apoptosis but also necrosis in nHDFs. EGCG-caused 

cell cycle deregulation and apoptosis of cells may be mediated through NF-kB 

inhibition. In the results of DNA microarray,  EGCG may be able to modulate 

the cell cycle arrest .

In conclusion, EGCG was acted more sensitive in HT-1080 than nHDFs,  

through  observed the responses at  very high dose and  regulated expression 

of gene related cell cycle pathway and induced growth inhibition. 
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국국국문문문초초초록록록

섬유아세포와 섬유종양세포에서 녹차 폴리페놀 EGCG의
차별적인 생물학적 반응성 비교

<지도교수 박 종 철>

연세대학교 대학원 의과학과

이미희

녹차는 오늘날 세계에서 가장 많이 소비되는 음료중 하나로 약용
의 성질은 널리 조사되어지고 있다 . 녹차 폴리페놀은 이미 식품화학
에서 강한 항산화제로 알려져있다 . EGCG는 피러한 폴리페놀 중 하나
로 카테킨의 약 50-80%으로 이루어져 있으며 , 생물학적 효과를 매개
하는 주된 물질중 하나이다 . 이미 EGCG는 항산화 , 항염증 , 항증식 , 항
함활성을 가지고 있는 것으로 알려져있다 .

여러 연구에서 EGCG는 암세포의 화학적 예방효과를 가지며 정상
세포의 손상을 예방한다고 증명하였다 .

이 연구에서 우리는 정상세포인 nHDF와 암세포인 HT-1080에서
EGCG에 의한 차별적인 생물학적 반응의 메카니즘으로 세포성장 , 세
포사멸 , 세포 주기 분포 및 NF-κB 변화의 관련성을 조사하였다 .

EGCG의 처리는 처리농도에 의존하여 서로 다른 농도에서 두가지
세포에서 모두 (i) 세포성장의 억제 , (ii) 세포주기의 G0/G1 분열억제 (iii) 

세포사멸을 유도한다 . Western blot 분석에서 EGCG의 서로 다른 농도에도
불구하고 , 두가지세포 모두 phospho NF-kB의발현이감소되는 것을 확인
하였다 .
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요약하면 , EGCG에 매개된 세포성장 억제 , NF-kB 발현의 억제 , 세포사
멸의 유도는 HT-1080 세포와 비교하며 더 높은 농도에서 일어난다 . 또한
DNA microarray 결과 nHDF 세포에서 EGCG는 세포주기와 관련된 유전자
들을조절하는것을보여주었다 .

결론적으로 , EGCG는정상세포와암세포에서서로다른농도를기본으
로억제반응을주는 것으로 확인되었으며 EGCG에의한 일련의반응인세
포주기통제 , 세포사멸유도 , 세포성장억제는 NF-kB 활성의억제를통하
여일어남을제시한다 .
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(nHDF), 세포주기 , 세포사멸 , NF-κB
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