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Abstract

Background: Tea is one of the world’s most highly consumed beverages, second only to water.
It is affordable and abundant and thus has great potential for improving health of those in both
developed and developing areas. Green, oolong, and black teas differ in the extent of
fermentation and types of bioactive polyphenols produced. Green tea and its major polyphenol
decrease growth of some cancer cells and effect production of immune system cytokines. This
study compares the effects of different types of tea extracts on viability and cytokine production
by normal and leukemic human T lymphocytes. Generation of the toxic reactive oxygen species
H,0, by extracts was also examined.

Methods: The Jurkat T lymphoblastic leukemia cells and mitogen-stimulated normal human
peripheral blood mononuclear cells were used in this study. Cell viability was determined by (3-
4,5-dimethylthiamizol-2-yl)-diphenyltetrazolium bromide) assay and production of interleukin-2
by Enzyme-Linked ImmunoSorbent Assay. Levels of H,O, generated by tea extracts were
determined using the xylenol-orange method.

Results: We found that green, oolong, and black tea extracts differentially effect the growth and
viability of T lymphoblastic leukemia cells and normal peripheral blood mononuclear cells,
substantially decreasing both growth and viability of leukemic T lymphocytes and having much
lesser effects on their normal counterparts. Tea extracts also had differential effects on the
production of the T lymphocyte growth factor interleukin-2, significantly decreasing production
by leukemic cells while having only minor effects on normal cells. All three extracts induced
H,0O, generation, with green and oolong tea extracts having the greatest effect. Leukemic cells
were much more susceptible to growth inhibition and killing by H,O, than normal lymphocytes.
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Conclusions:  The three tea extracts studied altered leukemic T lymphocyte functions,
decreasing cell viability, growth, and production of a major cell growth factor and the H,0,
generated by solutions of extracts may be partially responsible. Normal cells were affected to a
far lesser degree by tea extracts and are also more resistant to killing by H,O, than leukemic
cells.  This study has implications for using tea extracts for chemotherapeutic and
immunomodulatory purposes.
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BACKGROUND:

Tea is one of the world’s most highly consumed beverages, second only to water [1]. It is both
affordable and abundant and thus has great potential for improving the health of those living in
both developed and developing areas. Green, oolong, and black teas are derived from Camillia
sinensis by different processing methods and contain different bioactive polyphenols. Black tea
is fully “fermented” by the enzyme polyphenol oxidase to produce theaflavins and thearugins
while green tea is not fermented and contains primarily epicatechin, epicatechin gallate,
epigallocatechin, and epigallocatechin gallate (EGCG), the latter being the most abundant and
bioactive [1]. Oolong tea is only partially fermented and contains theasinensins [2] in addition to
intermediate levels of the other polyphenols. A great deal of literature has described the
beneficial effects of EGCG in the treatment or prevention of a variety of human diseases,
including cancer, obesity and type 2 diabetes, neurodegenerative diseases, and bacterial and viral
infections [reviewed by 3]. It is known to alter production of several hormones,
neurotransmitters, and immune system cytokines.

Green tea extracts and several green tea polyphenols, especially EGCG, have been
reported to kill many types of cancerous cells, including the Jurkat T lymphocytic leukemia cell
line, using a variety of mechanisms, including the activation of proapoptotic caspase-3 [reviewed
by 3; 4]. EGCG also decreases the production of the T lymphocyte growth factor interleukin-2
[5]. One of the mechanisms for inducing apoptosis in these cells is via the pro-oxidative effects
of the reactive oxygen species (ROS) molecule H,O; since killing of Jurkat cells is blocked by
the enzyme catalase, which degrades H,O, into water and O, [4; 6]. If H,O; is involved in
leukemic cell death and growth inhibition induced by EGCG, it is reasonable to hypothesize that
this green tea compound induces its production. Nakagawa et al [4] demonstrated that EGCG
does induce a transient increase in H,O, levels when present in tissue culture medium, peaking at
30 minutes. EGCG induces the production of other ROS as well, including the superoxide and
hydroxyl ions [7]. EGCG also affects Jurkat cell viability without directly involving ROS,
including altering enzymatic activity of proteasomes [8].

EGCG has also been shown to preferentially kill a variety of cancerous cells but not their
normal counterparts [8]. This report will focus on the differential effects of tea extracts upon
growth, viability, and cytokine production by normal human peripheral blood mononuclear cells
(PBMC) and Jurkat T lymphocytic leukemia cells. While little research has examined the effects
of EGCG upon normal lymphocytes, this polyphenol has been found to increase production of
the T cell cytokine interleukin-2 (IL-2) by normal cells [9]. IL-2 is a key cytokine that up-
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regulates either growth or activity of several immune cell types, including T helper lymphocytes
whose cytokines regulate the immune system, T killer lymphocytes that kill cancerous and
virally-infected cells, and B lymphocytes that produce antibodies. Work in my laboratory also
suggests that EGCG and several other green tea polyphenols increase production of several other
cytokines by normal, but not leukemic, T lymphocytes (not shown).

In this report, we compared and contrasted the effects of green, oolong, and black tea
extracts on growth, viability, and cytokine production by normal and leukemic human T cells.
We also compared the ability of various levels of these different types of tea extracts to generate
H,0, and the ability of these normal and cancerous cell types to withstand insult by H,O,. Our
findings expand upon the previous work performed with individual tea polyphenols and compare
anticancer activity of the three major types of tea consumed throughout the world.

MATERIALS AND METHODS:

Tea extracts:

Green (Bancha), oolong, and black (Darjeeling) tea extracts were lyophilized, then resuspended
at various concentrations in RPMI 1640 tissue culture medium (Gibco BRL) containing 10%
fetal bovine serum (Hyclone) and 100 U/ml penicillin/streptomycin and L-glutamine (Gibco
BRL) (complete medium).

Cells:

The Jurkat T lymphoblastic leukemia cell line was purchased from the American Type Culture
Collection. They were maintained and cultured in complete medium. Prior to usage, cells were
counted in a hemocytometer and viability determined using trypan blue dye exclusion.

Blood was drawn by venipuncture from normal healthy volunteers after obtaining informed
consent in accordance with the Helsinki Declaration and the policies of the Human Subjects
Review Committee of the University of Northern lowa. Universal precautions were followed
when handling human blood and blood products. PBMC were isolated by density gradient
centrifugation over a layer of Ficoll-Hypaque (density = 1.007). Viable cells were enumerated as
above and resuspended in complete medium. PBMC were stimulated by addition of 4 pg/ml
phytohemagglutinin (PHA).

Proliferation and viability assays:

Jurkat cells (2x10° cells/ml) and PBMC (2x10° cells/ml) were plated in a total volume of 100 pl
in triplicate wells of flat-bottomed 96-well plates in the presence or absence of various
concentrations of tea extracts or H,O, in complete medium. Cultures were incubated in a
humidified 37°C, 5% CO.-in-air incubator for 96 hours. In order to determine the amount of cell
proliferation, 1 uCi *H-thymidine was then added to each well. After 4 hours of further
incubation, DNA from the cells was deposited onto filter strips and washed using a plate
harvester. Levels of *H-thymidine incorporated into the DNA was assessed using a B-
scintillation counter with Scinti-Safe scintillation fluor (Fisher) and results presented as counts
per minute (cpm). Relative numbers of cpm reflect the amount of DNA synthesis, and thus
proliferation, which occurred. In order to determine relative amounts of viable cells, 96-hour
cultures were pulsed with 25 pl of the yellow tetrazolium dye (3-4,5-dimethylthiamizol-2-yl)-
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diphenyltetrazolium bromide) (MTT) (5 ug/ml). One hundred pul of 0.04% HCI in isopropanol
was added to the cells 4 hours later. Cultures were read in a plate-reading spectrophotometer at
570 nm and results expressed as optical density (OD). In the presence of active mitochondria,
the yellow dye is converted into a purple formazan product. The higher the OD at 570 nm, the
greater was the number of functional mitochondria, and thus the greater the number of live cells.

H,0, determination:

Varying amounts of tea extracts were incubated at 37°C in complete medium for 30-60 minutes.
Levels of H,O, present in the cell-free medium were determined using the xylenol-orange
method as described by Nakagawa et al [4]. Briefly, 30 ul of the solution was added to 300 pl of
indicator solution. After a 20-minute incubation at room temperature, 90 ul was added to
triplicate wells of a 96-well plate. The plate was read at a wavelength of 595 nm. An 8-point
H,0O, standard curve was run in parallel, and levels of H,O, were determined by linear regression
analysis. Results were expressed as uM H,0O..

IL-2 Production and Assay:

Jurkat cells (2x10° cells/ml) and PBMC (2x10° cells/ml) were stimulated to produce IL-2 by the
presence of a combination of phorbol myristal acetate (50 ng/ml; Sigma) and PHA (4 pg/ml) or
PHA alone, respectively. After a 24-hour incubation at 37°C, culture supernatants were removed
and stored at -20°C until assayed. Levels of IL-2 were determined by antigen-capture Enzyme-
Linked ImmunoSorbent Assay (ELISA) in accordance with the manufacturer’s instructions (R &
D Systems).

Statistical analysis:

Samples were assayed in triplicate determinations and each experiment performed two to three
times, with a representative experiment being shown. Statistical analysis was performed using
Student’s t-test with Excel software. p values <0.05 were considered statistically significant.
Standard deviations for the data were consistently less than 10%.

RESULTS:

Effects of Tea Extracts on Growth and Viability of Normal and Leukemic T Lymphocytes:
Extracts of green, oolong, and black teas significantly and equally decreased growth of Jurkat T
lymphocytic leukemia cells after 96 hours at concentrations >25 pg/ml (38-45% decrease;
p<0.001) (Figure 1la). At a concentration of 200 pg/ml tea extract, the decrease in Jurkat cell
proliferation was 96-98%. In contrast, tea extracts decreased growth of normal human PBMC to
a far lesser degree (decrease of 21-44% at 200 pg/ml tea) (Figure 1b).

Differential effects of tea extracts on normal and leukemic T lymphocyte viability were
also found although higher concentrations of extract were necessary to produce the effects. Ata
concentration of 200 pg/ml of any of the tea extracts, Jurkat cell viability decreased (Figure 1c).
PBMC viability was instead slightly increased at 100-200 pg/ml extract (Figure 1d).

Figure 1. Growth and Viability of Leukemic and Normal Lymphocytes by Green, Oolong, and
Black Tea Extracts. Growth of the leukemic Jurkat cell line (Figure 1a) or normal PHA-
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stimulated PBMC (Figure 1b) was determined by the incorporation of *H-thymidine into DNA
after a 96-hour exposure to several concentrations of tea extracts. Results are expressed as cpm.
Error bars represent 1 standard deviation above and below the mean. Viability of leukemic
Jurkat cell line (Figure 1c) or normal PHA-stimulated PBMC (Figure 1d) was determined by the
MTT colorimetric assay after a 96-hour exposure to several concentrations of tea extracts.
Results are expressed as OD at 570 nm. * p<0.05; * p<0.01.
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Generation of H,O, by Tea Extracts:

The presence of 100-200 ug/ml tea extracts in tissue culture medium generated significant
amounts of H,O, after as little as 30 to 60 minutes, with green and oolong teas producing higher
levels than black tea extract (Figures 2a and 2b). Concentrations of H,O, increased as the time
of culture increased. In contrast, red tea extract, a strong antioxidant, did not generate significant
amounts of H,O; in our assay at concentrations of up to 200 ug/ml after 60 minutes (not shown).
It should be noted that a 96-hour exposure to tea extracts decreased the growth but not viability
of Jurkat cells at concentrations which not did induce significant H,O, generation after 1 hour.
This suggests that tea extracts may also be inhibiting leukemic cell growth in a manner
independent of ROS as previously suggested [10]. In support of this hypothesis, we also found
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that growth inhibitory effects of the major green tea polyphenol, EGCG, on Jurkat cell growth
are substantially, but not totally reversed by the exogenous catalase, an enzyme that degrades
H,0, (50-60% of growth restored) (unpublished data). Alternatively, significantly inhibitory
levels of H,O, may be produced by lower levels of tea extracts after 96 hours.

Figure 2. H,O, Generation by Tea Extracts. Green, oolong, and black tea extracts were
incubated for 30 minutes (Figure 2a) or 60 minutes (Figure 2b) in complete medium. Levels of
H,0, were then measured using the xylenol-orange colorimetric assay. A standard curve was
run in parallel and the amount of H,O, in the test samples was determined by linear regression
analysis and expressed as uM H,O,. Error bars represent 1 standard deviation above and below
the mean. * p<0.05; * p<0.01.
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H,0O, and Growth of Normal and Leukemic T Lymphocytes:
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Various amounts of exogenous H,O, were added directly to cultures of leukemic Jurkat cells or
PBMC and cell growth was determined 96 hours later. The growth of leukemic cells was
significantly decreased by concentrations of H,O, >25 uM (91% growth decrease at 25uM). In
comparison, growth of PBMC from most normal donors was relatively unaffected by up to 200
MM H,0O, (Figure 3). It should be noted, however, that sensitivity of PBMC varied among
donors, with some individuals’ cells being affected by this amount of H,O, (unpublished data).

Figure 3. Growth of Leukemic and Normal T Lymphocytes by Exogenous H,O,. Growth of the
leukemic Jurkat cell line or normal PHA-stimulated PBMC was determined by the incorporation
of ®H-thymidine into DNA after a 96-hour exposure to several concentrations of H,O,. Results
are expressed as cpm. Error bars represent 1 standard deviation above and below the mean. *
p<0.05; * p<0.01.
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Effects of Tea Extracts on IL-2 Production By Normal and Leukemic T Lymphocytes:

Tea extracts differentially alter the production of the cytokine IL-2 by stimulated Jurkat T
lymphoblastic leukemia cells and normal PBMC stimulated by PHA, a T cell mitogen. Green,
oolong, and black tea extracts equally decreased IL-2 production by Jurkat cells in a dose-
dependent manner (50 to 200 pg/ml tea) (Figure 4a). IL-2 production by PBMC, in contrast, was
significantly increased by 100 pg/ml (black) or 200 pg/ml (oolong) tea but not by green tea
extracts (Figure 4b). IL-2 production (24-hour) was again inhibited at tea concentrations below
that which induced significant generation of H,O, after 1 hour.

Figure 4. IL-2 Production by Leukemic and Normal Lymphocytes by Green, Oolong, and Black
Tea Extracts. 1L-2 production by the leukemic Jurkat cell line (Figure 4a) or normal PHA-
stimulated PBMC (Figure 4b) was determined by ELISA. A standard curve was run in parallel
and the amount of IL-2 in the test samples was determined by linear regression analysis and
expressed as pM IL-2. Error bars represent 1 standard deviation above and below the mean.
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We report herein that green, oolong, and black tea extracts decrease both growth and viability of
the Jurkat leukemic T lymphocyte line, with a much more profound decrease in growth as
compared to viability, perhaps due to the complex nature of the relationship between H,O, and
proliferation. A much smaller effect was seen on the corresponding normal human cells. A
number of bioactive compounds are present in tea, and differ among tea types due to differences
in processing of the leaves. Other investigators have previously found that ECGC and several
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other green tea polyphenols decrease the viability of Jurkat cells [4; 6; 8]. Interestingly,
theasinensins from oolong tea and some of black tea theaflavins also suppress Jurkat cell growth,
and do so to a greater extent than EGCG [11].

EGCG has been reported to decrease the growth of normal murine spleen-derived T
lymphocytes due, at least in part, by decreasing levels of the IL-2 receptor. As in the current
study, viability of the normal T lymphocytes was not decreased [12]. Wu et al [13] also found
that high levels of ECGC (100 uM) up-regulated IL-2 RNA levels in Jurkat cells. We found that
EGCG at lower concentrations (20-40 uM) instead decreases IL-2 production by Jurkat cells
(unpublished data), revealing concentration-dependent differences in EGCG actions. In the
present study, we found that tea extracts greatly decreased levels of IL-2 protein produced by
Jurkat cells while black and oolong tea extracts increased its production by normal PBMC. The
lack of such an effect by green tea extracts might relate to differences in H,O, generation by the
different kinds of tea.

In addition to tea compounds, a number of other plant-based medicinals from functional
foods act as either anti- or pro-oxidants, depending upon their concentration. These include
resveratrol from red wine, lycopenes and Vitamin C from tomato products, genistein from soy,
the extract of the fruit of Gleditsia sinensis and Baizhu (Atractylodes macrocephala Koidz),
takrisodokyeum, and jasmonates [14-21]. Interestingly, low amounts of EGCG or green tea
extract (10 pg/ml) appear to protect leukemic cells against H,O,-induced DNA breakage, while
higher levels of EGCG alone induce strand breakage instead [22-23]. ROS generation by
individual green tea polyphenols occurred at concentrations of EGCG greater than 20 uM. When
lower concentrations of EGCG were used instead, an anti-oxidant effect was observed [reviewed
by 24]. ROS generation by phorbol myristal acetate-stimulated HelLa cervical carcinoma cells,
HL-60 promyelocytic leukemia cells, and normal skin fibroblasts was inhibited by at low
concentrations of EGCG (1-10 uM) [25-27]. Lymphocytes derived from volunteers whose diet
was supplemented with green tea were also protected against H,O,-mediated DNA damage [28].

EGCG has been previously reported to preferentially Kill cancer cells. Such differential
killing is a property of the plant stress hormone family of jasmonates as well, which also
differentially suppresses proliferation of malignant blood cells of chronic lymphocytic leukemia
patients while sparing that of the normal cells present [14]. Such effects may be mediated
through ROS. In one study, EGCG was found to increase levels of ROS in oral carcinoma cells
but decrease ROS in normal salivary gland cells [29]. More recent studies have shown that the
low levels of H,O, generated in cells by EGCG protect against cell death in a nontumorogenic
keratinocyte cell line but not in promyelocytic leukemia cells [30]. Low levels of H,O, have
been shown to function in intracellular signal transmission and protect rather than damage
normal cells [31]. Taken together, these results suggest that EGCG and tea extracts may have
anti-oxidant and cytoprotective effects at low concentrations, but it instead stimulate H,O,
production at higher concentrations, as previously suggested [3]. Green, oolong, and black tea
extracts contain high, medium, and low amounts of EGCG [reviewed by 3]. They also induce
H,0, production in the same relative order. Their differential ability to generate H,O, could be
due to differing levels of EGCG in the various extracts. H,O, generated by tea extracts thus
appeared to play a role in Jurkat cell, but not normal PBMC, growth suppression. Since growth
inhibition of this leukemic cell type occurred at tea concentrations that may produce relatively
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low levels of H,O,, other mechanisms may also be involved. In other leukemic cell types, ROS
production may be the sole growth-suppressive factor (unpublished data).

This study demonstrated that direct addition of H,O, to Jurkat cell cultures inhibited their
proliferation and, soon after, their viability (the latter is not shown). These cancerous cells were
much more sensitive to growth inhibition than normal PBMC. A study by Yamamoto et al [29]
suggests that normal cells (salivary gland cells) contain higher levels of catalase, an enzyme that
degrades H,0,, than do oral carcinoma cells, allowing the former to more readily remove toxic
ROS, including those produced by tea extracts and EGCG. Their results are in agreement with
work from our laboratory that shows that normal PBMC are better able to degrade H,0O, than a
number of different types of leukemia cells, including T and B lymphocytic leukemia, natural
killer cell leukemia, and erythroleukemia cells (unpublished data). When 100 uM H,0, was
incubated in the presence of Jurkat T lymphocytic leukemia cells, an average of 37% of the H,0,
was removed after 30 minutes. Normal human PBMC vary considerably among individuals.
When H,0, was incubated with PBMC from normal donors, an average of 56% was removed in
the same time period, but the range was quite large (31-91% using cells from 7 donors).
Interestingly, the ability of different types of leukemia cells to degrade H,O; is inversely
correlated with their susceptibility to killing by green tea polyphenols (unpublished data). The
enzyme responsible for H,O, degradation likely differs according to the type of leukocyte tested
and may involve catalase, a peroxidase, or both.

It should be noted that, unlike previous reports, our study used tea extracts rather than
ECGC itself. We have found that combinations of green tea polyphenols (EGCG and
epicatechin) may have additive or synergistic effects on growth and cytokine production by
normal and leukemic T lymphocytes (unpublished data). This suggests that tea extracts may be
more active than purified tea polyphenols. This is encouraging from a public health prospective
since much of the world’s population may be able to afford tea but not purified derivatives.
Future research could explore which of the many ways of processing tea leaves and which
specific strains of teas are most beneficial for human health.

CONCLUSIONS:
We demonstrated that green, oolong, and black tea extracts differentially alter growth and
viability of normal and leukemic human T lymphocytes, perhaps partially resulting from their
pro-oxidant activities. Additionally, normal and leukemic cells are differentially susceptible to
the damaging effects of H,O,. Since a number of chemotherapeutic agents rely upon generation
of this reactive oxygen species, our findings are potentially of additional clinical significance.
We also showed that tea extracts decreased production of the T lymphocyte growth factor
IL-2 by leukemic cells while increasing production by normal cells. In separate studies, we have
seen that green tea polyphenols also increase Jurkat cell production of the regulatory cytokine
IL-10 but decrease its production by PBMC from most normal donors tested (unpublished data).
Differential effects of EGCG and other tea compounds on production of growth-stimulatory and
regulatory cytokines by normal and leukemic cells may be at least partially responsible for their
effects on these cells’ growth and viability. Further studies are needed to examine the effects of
tea extracts on growth and cytokine production by other types of leukemic cells as well as to
determine whether tea may have useful immunomodulatory effects.
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