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Effect of Tea Polyphenols on Anticancer Activity and Cytokines Production
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Theaflavins (TF) and thearubigins (TR) are constituents of tea pigments which are polyphenols de-
rived from Korean fermentation tea. After TF, TR and [(-) epigallocatechin-3-gallate [(EGCG) have
been applied to macrophage cell line (RAW264.7) nitric oxide (NO) synthesis and cytokines pro-
duction were estimated. Cytokines production by enzyme linked immuno-sorbent assay (ELISA)
determined. NO production was increased by about 1.5-folds at the dose of 80 pg/ml compared to
control and lipopolysaccharide (LPS) stimulation when TF, TR and EGCG were applied to a
RAW264.7 cell. Interleukin-6 (IL-6), Tumor necrosis factor (TNF-a) and granulocyte-macrophage col-
ony stimulating factor (GM-CSF) increased depended on concentrations of TF, TR and EGCG. The
production of tumor necrosis factor-a increased highly in TR, TF and EGCG group with LPS. These
results suggest that TF, TR and EGCG have immune-enhancement effect through the cytokine
production. TF, TR and EGCG inhibited cancer cell viability, the anticancer effect of these polyphenols
may explain the anti-tumor promotion action and antioxidant activity of these tea constituents.
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Introduction

Tea leaves are rich in catechins, and catechins come in
contact with polyphenol oxidase and microorganisms, join-
ing them to one another to form TF and TR during ferment-
ing of tea leaves. Most of the catechin mass of process of
fermented is converted to a well defined group of com-
pounds known as TF and TR. Fermented tea contains major
amount of these two polyphenols TR and TF which respon-
sible for the distinct color and flavor of fermented tea. TR
and TF are major constituents of tea pigments with anti-
oxidant, antimutagenic, antiproliferative and antineoplastic
activities [22,26]. EGCG is the major polyphenol component
of green tea and was reported to inhibit low density lip-
oprotein (LDL) oxidation in vitro by scavenging oxygen
radicals and chelating metal ions which act as catalysts of
lipid oxidation [19,25]. Recently, it is increasingly being ac-
knowledged that natural active components and biological
activities compatible with beneficial health effects.

Among a variety of mediators released by activated
macrophages cells, NO has been identified as a potent
molecule that may exert regulatory or cytotoxic effects
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when excessively produced. However, the importance of
the NO production may be the development of a possible
anticancer property provoked by an immunogenic but
non-pathogenic particle[1]. TNF-« promote cell-mediated
immunity. IL-6 and GM-CSF promote humoral antibody-
mediated immune response[6]. Therefore, IL-6, TNF-a and
GM-CSF are related to immune reaction, directly or in-
directly in the present study. We investigated the effect on
production of cytokines and NO in the macrophage cell
line, anticancer acttivity and antioxidant activity for TF, TR
and EGCG in the present study.

Materials and Methods

Reagents

The following reagents were used in this study: 2,4,6-tri-
pyridyl-2,5,7,8- tetramethylchroman-2-carboxylic acid (TPTZ),
sodium nitro-prusside (SNP), N-1-naphthyl-ethylen-diamine,
lipopolysaccharide (LPS), avidin-peroxidase, 2’-AZINO-bis
(ABTS), EGCG (purity>98%) (Sigma, St. Louis, USA). TNF-
¢, IL-6 and GM-CSF (Pharmingen, San Diego, USA) levels
in macrophage culture medium were determined by en-
zyme-linked immunosorbent assay. DMEM (Dulbeco’s
modified Eagle’s medium), FBS (fetal bovine serum), 0.05%
trypsin-0.02% EDTA and 100 units/ml penicillin-strepto-



mycin were purchased from GIBCO Co. (Grand Island,
NY, USA). RAW264.7 cells and cancer cells (HT-29, A-549,
Hela and HepG2) were purchased from the Korean Cell
Line Bank (Seoul, Korea). TF and TR were extracted from
Korean microbial fermented tea, which was donated from
the Korea Fermented Food Research Institute (KOFRI) and
local tea-producing industries.

Manufacture of microbial fermented tea

Korean fermented tea used in this study is a microbial
fermented tea which is inoculated with a wheat bran start-
er containing the fungus, Aspergillus wentii KOFRI 0341,
which has potent a-amylase (5.71 U/g), pectinase (910.56
U/g) and polyphenol oxidase (PPO, 4.14 U/g solid) en-
zymes, isolated from Korean natural fermented tea [24].
Green tea leaves were plucked from the Suncheon city
(Jeonnam in Korea) wild tea-producing areas in June, 2005.
Fresh tea leaves were withered and then subjected to the
rolling process. Rolled leaves were inoculated with micro-
organism and fermented to aged for 6 months. Fermented
teas were dried in an incubator, used for analysis and
studied for biological activity.

Analysis of total TF contents

Total TF were determined by the Flavognost method
[11]). The percentage of dry matter in the sample was de-
termined by oven-drying. A tea infusion was made with
375 ml of boiling water, added from an overhead boiler in-
to a tare flask, and 9 g of tea. The flask was shaken for 10
min, the infusion filtered rough cotton wool, and allowed
to cool to room temperature, and then 10 ml were pipette
into 10 ml of isobutyl methyl ketone (4-methylpentan-
2-one, IBMK : ACS standard from Merck). The mixture
was shaken for 10 min and allowed to stand until the lay-
ers separated. Two milliliters of the upper layer were pip-
ette into a test tube, followed by 4 ml ethanol and 2 ml
Flavognost reagent (2 g diphenylboric acid-2-aminoethyl
ester dissolved in 100 ml ethanol). The contents were
mixed and color allowed 15 min to develop. The absorb-
ance (A) at 625 nm was read against an IBMK/ethanol
(1:1, v/v) blank.

Spectrophotometer measurements of total TR

The method of Roberts and Smith [20] was used to de-
termine total TR. Fifty milliliters of the cool, well-shaken
and filtered standard tea infusion from TF analysis were
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mixed with 50 ml isobutylmethylketone (IBMK) and gently
shaken to avoid formation of an emulsion. The layers were
allowed to separate and 4 ml portion of the IBMK layer
was taken and made to 25 ml with methanol in a volu-
metric flask (Solution A). Twenty-five milliliters of the re-
maining initial IBMK layer were taken in a separate flask
and mixed with 25 ml of 2.5% aqueous sodium hydrogen
carbonate. The mixture was vigorously shaken before the
layers were allowed to separate and the aqueous layer
discarded. A 4 ml portion of the washed IBMK layer was
made to 25 ml with methanol (Solution B). Two milliliters
of a saturated oxalic acid aqueous solution and 6 ml of
water were added to a 2 ml portion of the aqueous layer
left from the first extraction with IBMK, and diluted to 25
ml with methanol (Solution C). The absorbencies AA, AB,
AC of solutions A, B and C at 380 nm were obtained using
a CE 393 Cecil Digital grating spectrophotometer with dis-
tilled water as the blank. Each fermented tea sample was
extracted in triplicate for the determination of the TR frac-
tions and levels. By following the earlier procedures for
solvent partitioning of fermentation tea liquor components
and based on the fact that mean absorbance of the TR frac-
tions at 380 nm was 0.733, the following equation for esti-
mating total TR was derived: At 380 nm,

% TR (Total) = (3750.026.25[2 Ac + Ax - Ag] ) /(0.7339
DM/100)

FRAP assay

This method [3]measures the ability of the antioxidants
contained in the TF, TR and EGCG to reduce ferric-tripir-
idyltriazine (Fe™-TPTZ) to a ferrous form (Fe’) which ab-
sorbs light at 593 nm. The ferro- and ferric ion from com-
plexes with TPTZ reagent are the main products of this
reaction. FRAP level was calculated by plotting a standard
curve of absorbance against pmol/] or pmol/g concen-
tration of Fe’* standard solution.

Scavenging of nitric oxide

Nitric oxide (NO) was examined by the Griess reaction
and SNP was used as the NO generator {14]. The sample
were mixed with an identical volume of 10 mM SNP and
incubated at room temperature in the light. After 2.5 hr in-
cubation, Griess reagent was added and the mixture was
color-developed for 10 min. The absorbance was measured
at 540 nm.
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Determination of cell viability

Anticancer activity was measured using the SRB assay
[23]. All samples were sterilized by filtration through a 0.2
um filter prior to analysis in the cell test. The test cells
used in this assay were A-549, HT-29, HeLa and HepG2
cells. Cells were maintained as adherent cell cultures in
DMEM medium supplemented with 10% FBS and 10 units
of penicillin and 10 pg/ml streptomycin at 37C in a hu-
midified incubator containing 5% CO,. Cancer cells were
transferred into 96 well plates and incubated for 24 hr pri-
or to the addition of test samples. Samples were added
and incubated for 48 hr. The effects of the samples on the
growth of human cancer cell lines were evaluated for their
cytotoxic activity.

Determination of nitrite

RAW264.7 cells were cultured in DMEM medium sup-
plemented with 10% FBS and 10 units of penicillin and 10
pg/ml streptomycin at 37C in a humidified incubator con-
taining 5% CO,. The 100 pl of test extract was then added
and serially diluted to give final concentrations of 80, 40,
20 and 10 pg/ml Cells were then stimulated with 200
U/ml of 10 pg/ml LPS for another 24 hr. The presence of
nitrite, a stable oxidized product of NO, was determined in
cell culture media by Griess reagent (1% sulfonamide and
0.1% N-(1-naphtyl) ethylenediamine dihydrochloride in
2.5% HaPOy). The 100 pl of cell culture supernatant was re-
moved and combined with 100 pl of Griess reagent in a
96-well plate followed by spectrophotometric measurement
at 550 nm using a microplate reader (HT Biotec Ins, USA).
Nitrite concentration in the supernatants was determined
by comparison with a sodium nitrite standard curve [27].

Measurement of cytokine

IL-6, TNF-0 and GM-CSF concentrations in supernatants
from macrophage cultures were determined by enzyme-
linked immunosorbent assay (ELISA) using antibody from
Pharmingen, according to manufacturer’s instruction [12].
Cells were incubated with LPS (10 pg/ml) in the presence
of different concentrations of test samples for 24 hr. The
supernatants were collected and stored at -80°C before
analysis. The amount of IL-6, TNF-« and GM-CSF was
measured by an ELISA. The ELISA was determined by
coating 96-well plates with each of 100 pl aliquots of an-
ti-mouse IL-6, TNF-0. and GM-CSF monoclonal antibodies.
Before use and between subsequent steps in the assay,

coated plates were washed with phosphate-buffered saline
(PBS) containing 0.05% tween-20. Recombinant cytokines
were diluted and used to establish the standard curve.
Assay plates were exposed to biotinylated anti-mouse IL-6,
TNF-0 and GM-CSF, and avidine peroxidase, and ABTS
substrate solution .containing 30% H)O» The plates were
read at 405 nm.

Statistical analysis of data

The experiments shown are a summary of the data from
at least three experiments and are presented as the mean+
SD. Statistical significance of the data was evaluated by the
ANOVA. The value of p<0.05 was accepted as statistically
significant.

Results

The TF and TR contents of the fermentation tea samples
are showed in Table 1. Contents of TF and TR on the
Korean microbial fermented tea (TF: 74.4 pM/g, TR: 37.2%)
were analyzed to be higher than reported black tea aged
tea by oxidase of green tea leaf (TF: 28.3 pM/g, TR: 16.9%
from paper of Martin O. P. et al. [15].

Table 2 shows differences in total antioxidant capacity
measured by the FRAP method on TF, TR and EGCG. The
FRAP value was found within the range 10-300 pM. Table
3 shows results for the NO scavenging effect of TF, TR and
EGCG. At a concentration of 80 pg/ml, the NO scavenging
activity are was TF(78.00£2.85%), TR(51.00+2.36%) and
EGCG(88.0013.71%).

To asses the anticancer activity properties of poly-
phenols TR, TF and EGCG, we used cancer cell line, A-549,
HT-29, Hela and HepG2 cells. In Tables 2 and 3, anti-
cancer activity was observed in A-549, HT-29, HeLa and
HepG2 cells. Treatment with polyphenols TR, TF and
EGCG caused a dose-dependent reduction in cell numbers
of cancer cells. EGCG was more effective in inhibiting the
growth of these cancer cell lines than TF and TR at 80 pg/

Table 1. TF and TR contents of Korean fermented tea

Contents

74.404.8°
37.19+35°

The results are expressed as meantSD of triplicate assays.
**Means with the different letters are significantly different
from corresponding controls at the 0.05 level of significance.

TF (umol/g)
TR (%)




Table 2. Effect of TF, TR and EGCG on ferric reducing ability
(FRAP value, pM)

(ug/ml) Control TF TR EGCG
0 323:1.05°
10 451277 9344152° 34614245
20 56.38+4.93" 29141267  76.78:321°
40 110.18+17.39" 76424587 147.13+11.248
80 269.17+12.59° 121.11+9.99° 312.23+11.27

The results are expressed as mean+SD of triplicate assays.
*"'Means with the different letters are significantly different
from corresponding controls ¢t the 0.05 level of significance.

Table 3. NO-scavenging activity of TF, TR and EGCG (%)

(ug/ml) TF TR EGCG
10 7.20+3.951° 421:0.11° 2550+2.75
20 25.64+1,91¢ “3.64+0.92° 55.47+1.34"
40 41.9045.69° 27.35+1.12¢ 74.90+2.615
80 78.00+2.855 51.00£2.36% 88.00+3.71"

The results are expressed as meantSD of triplicate assays.
*"Means with the different lotters are significantly different
from corresponding controls ¢t the 0.05 level of significance.

ml. The observed inhibition rate of TR, TF and EGCG were
742%, 76.6% and 81.1% for HeLa at 80 pg/ml, re-
spectively, whereas those for TR, TF and EGCG were
68.1%, 69.7%, 89.7%, 74.7%, 70.7% and 824% for HT-29
and HepG2 at 80 pg/ml, respectively (Table 4,5).

As shown in Fig. 1 and 2, TF, TR and EGCG alone
could stimulate the production of NO, IL-6, TNF-0 and
GM-CSF (unstimulated cells, 3:44+0.02 yM for NO, 0.09+
0.03 ng/ml for TNF-o, 0.6+(.002 ng/ml for GM-CSF and
0.28+0.14 ng/ml for IL-6, TF alone (80 pg/ml), 37.53+0.02
pM for NO, 5.77+0.012 ng/ml for TNF-¢ and 4.54+0.11
ng/ml for IL-6; TR alone (¢0 pg/ml), 33.86:0.14 pM for
NO, 4.49+0.02 ng/ml for TNF-¢ and 2.50+0.16 ng/ml for
IL-6 ; EGCG alone (80 pg/m), 39.70£0.09 uM for NO, 7.60
ng/ml for TNF-o and 5.95+0.11 ng/ml for IL-6). These pro-
ductions were higher than LIS alone. The amount of TNF-
o was significantly higher in the TF, TR and EGCG with
LPS only - treated cells than LPS - treated cells (about 2~
3.5 fold for TNF-g).

Discussion

More duration time of fermentation with microorganisms
led to raise in TF and total TR contents. Polyphenols TR,
TF and EGCG may be beneficial to human health by result-

ing in a lower cancer risk. To measure the antioxidant
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Fig. 1. Effect of TR, TF and EGCG on the production of nitrite
in a macrophage cell line. RAW264.7 (5x10* cells/well)
were cultured either in medium alone or in medium
that contained LPS (10 pg/ml) or TR, TF and EGCG for
the production of nitric oxide. After 48 hr of culture,
the amounts of nitrite production were measured by
the Griess method as described under Materials and
Methods. 'p<0.05: Significant difference between un-
treated control and other experimental groups. The re-
sults are expressed as mean+SD of triplicate assays.

OTNF-a EIGM-CSF mIL-6

Cytokines, ng/mi

Fig. 2. RAW264.7 cells (5><104 cells/well) were stimulated with
LPS (10 pg/ml) or TR, TF and EGCG (80 pg/ml) for 24
hr and the supernatants were assayed for various
cytokines. Cytokine levels in culture supernatants were
determined as described under Materials and Methods.
"p<0.05: Significant difference between untreated con-
trol and other experimental groups. The results are ex-
pressed as mean+SD of triplicate assays.

capacity of TR, TF and EGCG was employed FRAP assays
that utilize the same single electron transfer mechanism.
This method are generally employed to evaluate plant ma-
terial {17]. Plant extracts contain different phenolic
compounds. A correlation was found for the total phenolic
content and the FRAP assays and this is in correspondence
with Schlesier et al.[21]. Although values of FRAP were
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Table 4. Inhibition of cancer cell lines growth by TF, TR and EGCG

Inhibition (%)

Concen-trations

A-549 HT-29
(pg/ml)
TR TF EGCG TR TF wwEGCG
Control 0 0 0 0 0 0
10 20.88+7.24° 15.14+9.56° 38.71+4.79° 44.66+5.41° 30.90+8.05° 54,42+3.79°
20 38.71+2.43° 40.16+3.76° 48.32+4.93" 55.07+1.67¢ 53.73+0,92° 68.77+4.18°
40 55.19+5.59% 56.43+8.47°4 66.82+3.40% 61.84+2.16% 63.03+2.02% 82.62+6.64'
80 67.60+2.09° 62.69+6.33% 74.57+1.98¢ 68.0814.18° 69.65+6.90° 89.67+2.54"

The results are expressed as meanSD of triplicate assays. * "Means with the different letters are significantly different from corre-

sponding controls at the 0.05 level of significance.

Table 5. Inhibition of cancer cell lines growth by TF, TR and EGCG

Inhibition (%)

Concen-trations

HepG2 Hela
(ng/ml)
TR TF EGCG TR TF EGCG
Control 0 0 0 0 0 0
10 9.13+4.74° 6.95+1.36* 36.00+8.05° 27.98+6.90° 16.38+11.30° 44.9342.99°
20 59.56+8.62° 44.89:+8.37° 62.61+3.93¢ 48.968.23 41.7142.84° 60.30+2.41¢
40 63.39+12.76% 58.86+3.66° 72.76+1.51% 63.58+4.254 61.508.76° 66.79+2.01¢
80 74.713.15% 70.73+1.30° 82.3623.68° 74.23+1.26% 76.62+1.71% 81.16x1.61¢

The results are expressed as mean:SD of triplicate assays. * "Means with the different letters are significantly different from corre-

sponding controls at the 0.05 level of significance.

not significantly different, all studied samples showed high
ferric reducing ability. TR, TF and EGCG quenched RNS
effectively. Therefore, in cell free study, NO scavenging ac-
tivity correlate with total phenolics content, which sug-
gested that TR, TF and EGCG have the critical ability for
the NO scavenging activity. The specific structural feature
of phenolics needed for NO scavenging has been inves-
tigated previously, and it has been found that the presence
of a catechol group in a flavonoid is essentially required
for excellent NO scavenging ability [8].

As for inhibitory effect of TF, TR and EGCG on cell pro-
liferation were found to be active against the cancer cell
lines and showed a concentration-dependent affectivity.
When exposed in vitro TF, TR and EGCG, inflammatory
response can develop the capacity to kill tumor cells, and
these stages are called fully activated nuclear factor-xB
(NF-kB). Once activated, NF-xB initiates the transcription
of numerous genes coding for proteins involved in in-
flammatory and immune responses, including TNF-a and
iNOS [9]. NO was produced in high amounts by iNOS in
activated macroohages. Therefore, the tumoricidal activity
induced by TF, TR and EGCG appeared to be mediated by
the production of NO. The inhibitory effects of EGCG ap-
peared to be higher than those of TF and TR because of

the purity of EGCG (98%) was higher than TF (80%). and
TR (80%). Among tea components, polyphenols EGCG, TF
and TR are generally considered to be the effective compo-
nents, and a commonly discussed mechanism is the anti-
oxidative activity of these polyphenols. These inhibitory ef-
fects were due to antioxidative effects because tea compo-
nent-treated cells were affected at the doses used in this
study. Meantime, tea polyphenols can spare, p-carotene
and vitamins C and E, contributing to the overall anti-
oxidant protection mechanism of the cell.

In this study, TF, TR and EGCG (10~80 pg/ml) in-
creased NO, IL-6 and GM-CSF production, TNF-¢ pro-
duction tend to increased highly in EGCG treatment. NO
has been identified as a major effecter molecule produced
by macrophages and is involved in the regulation of apop-
tosis and in host defenses against microorganisms and tu-
mor cells [5]. NO is related to cytotoxic function of macro-
phages against a variety of tumors and microorganisms
[13,10,16], we examined the effects of TF, TR and EGCG on
NO production using RAW264.7 macrophages cells. As
shown in Fig. 1, the treatment of the cells with TF, TR and
EGCG induced an increase in the production of NO by in
dose-dependant manners, whereas NO scavenging. activity
was increased in cell free system. To the best our knowl-



edge, a dose response of TF, TR and EGCG on NO pro-
duction may be explained by stimulation by biosynthetic
mechanisms to low levels in cell system. Based on these
finding the present data suggest that TF, TR and EGCG
may have different effects on the function of normal and
tumor cell lines and cell free and in cell system. IL-6 and
GM-CSF is regulatory cytokines lead to a Th-2 type hu-
moral immunity [18], while production of TNF-¢ lead to a
Th-1 type cellular response. Many cancer vaccines elicit
strong cellular immune responses leading to the pro-
duction of Th-1 type cytokines such as TNF-o [7]. TNF-a
can act on monocytes and macrophages in an autocrine
manner to enhance various function responses, such as cy-
totoxicity to tumor cells, and induce the expression of a
number of other immunoregulatory and inflammatory me-
diators [2). TNF-u also modulates immune response by
triggering the production of number of other regulatory
cytokines such as [L-6 and GM-CSF [13]. TNF-¢ secretion
by TF, TR and EGCG was highly stimulated in combina-
tion with LPS. These results suggest that TF, TR and
EGCG can provide synergistic induction on TNF-o and
that TF, TR and EGCG might have a beneficial effect in the
treatment of various diseases like asthma and cancer
through the immune-enhancement.

Also, more detailed work is required on the protective
effects against cancer cell and immuno-modulating effects
to know their exact mechanism of action.
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A ECIHESEIEY AOIEIR MY & Eetsol CiE HE

(vste JEIFg, AFAe 4 F 3t

A u A E FaA Y] FEuE AAYRESQ dolEEN(TH A dlolHIZ(TR) 2 EGCGE macrophage cell
line (RAW264.7)0)} #-8-3}o] nitric oxide 34 2 Al EFHS AA L Frlatgth Alo]EF AL TF, TR 2
EGCGE RAW2645 cello] #8319 < o, 80 pg/ml x4 tz77 LPS 7 A4 Hl8te nitric oxide
A48 oF 154 Z7}8tdt}. IL-6, TNF-o @ GM-CSF& TF, TR 2 EGCG X9 &40 2 Z7}lstgth. TNF-u
AL A F7stRom, ol TF, TR 2 EGCG7} Ao EFIRl HA S Bdle WSy 848 713 Ao
Uetstth TF, TR ® EGCGE ¥ 3l | vldisie 3iists S veiglon, dAXE F48& fozoz
QA o5 sl EA JAEHE 2 AFEEY FUFAFE 2 FAsBA ) g Ao wddr.



