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Ovarian cancer is the leading cause of death from gynecologic cancer. Tea, especially
green tea, has shown promise in the prevention of several cancers. Green tea contains a
number of compounds, including polyphenols, that have chemopreventive properties.
There is much evidence from in vitro and animal studies suggesting that components of tea
are associated with decreased risk or progression of ovarian cancer. However,
epidemiologic studies have generated inconsistent results. Recent research conducted in
China reported reduced risk of ovarian cancer and increased survival post diagnosis with
green tea consumption. This review presents emerging evidence and the authors’
perspectives on the role of green tea in ovarian cancer prevention.

Ovarian cancer is the leading cause of death from
gynecologic cancer [1]. It has a high fatality:case
ratio because it commonly remains undetected
until the advanced stages [2] and has a tendency
to recur [11. Moreover, relatively little is known
about its etiology and no effective screening pro-
grams are available [21. The incidence of ovarian
cancer varies considerably between geographic
areas, with most Asian countries having approxi-
mately a quarter of the incidence of northern
European countries 21. This suggests that life-
style and dietary factors may influence the risk
and progression of ovarian cancer [3].

Tea, especially green tea, has shown promise
in the prevention of several cancers. It contains a
number of compounds, including polyphenols,
that have chemopreventive properties. Although
there is ample evidence from in vitro and animal
studies indicating that components of tea are
associated with decreased risk or progression of
several cancers [4], relatively few studies have
specifically investigated ovarian cancer.

Epidemiologic studies on tea and ovarian can-
cer have generated inconsistent results. However,
recent research reported a protective effect of
green tea on ovarian cancer risk [5] and survival
rates ] among Chinese women. Currently,
epidemiologic evidence is strongest for organs of
the gastrointestinal tract, possibly because of
their direct contact with tea constituents [7-10].
Evidence has also emerged from human observa-
tional studies on cancer of the skin [i1],
prostate [12], breast [13-15], pancreas, esophagus
and lung [16], and from over 80 published stud-
ies in animal models [4]. Interestingly, the major-
ity of studies reporting protective effects were
conducted in Asian countries where green tea is
predominantly consumed.
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The invitro and animal model evidence for
the protective effect of green tea on ovarian can-
cer, as well as results from epidemiologic studies,
are the focus of this review. Articles were located
by searching the PubMed, CINAHL and Pro-
Quest databases using the keywords ‘tea’ and
‘ovarian cancer’ without any restriction on publi-
cation date. The corresponding reference lists
were also searched for relevant articles.

Tea components & types

Tea is one of the most popular beverages world-
wide, consumed second only to water [17]. Of the
total tea produced and consumed, 78% is black,
20% green and less than 2% oolong [17]. Black
tea is primarily consumed in Western countries
while green tea is mainly consumed in China,
Japan, India and a few countries in North Africa
and the Middle East [17]. Tea contains a number
of compounds such as polyphenols that can pro-
tect against cancer. Most evidence comes from
catechins, a category of polyphenols in green tea
including (-)-epicatechin, (-)-epicatechin-3-gal-
late, (-)-epigallocatechin and (-)epigallocatechin-
3-gallate [18]. Epicatechin-3-gallate (EGCG) is
the major component, accounting for 40% of
the total polyphenol content in green tea extract.
It is considered to be the most abundant and
active constituent [18). Tea also contains caffeine,
which has been shown to have anticarcinogenic
effects in some animal studies [19-22].

While different types of tea are originally
derived from the same plant, Camellia sinensis,
they undergo different manufacturing processes,
changing the profile of compounds [18]. Green
tea leaves are steamed when harvested to prevent
fermentation, oolong tea is partially fermented,
whereas black tea leaves are allowed to wither
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and are rolled and crushed, initiating fermenta-
tion of polyphenols [18]. This process results in
oxidation of simple polyphenols to complex
compounds such as theaflavins and thearubigins,
and reduces the catechin content of black tea to
approximately a third of that in green tea [is].
Therefore, consumption of different types of tea
may have varying effects on cancer prevention.

In vitro & animal studies on green tea

& cancer

The strongest evidence linking tea to cancer pre-
vention emerged from in vitro cell cultures and
animal model studies [41. Many experimental
studies have examined the effect of green tea
extract or tea components on cancer, with a focus
on the catechin EGCG. The majority of these
studies have shown a protective effect at one or
more of the multiple stages of tumorigenesis
(initiation, promation or progression) [4].

The protective effects of tea components have
been demonstrated at a number of organ sites
including the gastrointestinal tract, oral cavity,
lung, esophagus, skin, liver, pancreas, bladder,
mammary gland and prostate [4,23). Although
potential mechanisms have been proposed to
explain the cancer preventive activity, they are not
firmly established in animals or humans [4]. Green
tea components can be distributed to a wide vari-
ety of target organs in rodents after ingestion,
including the ovary [24]. Plausible biologic mecha-
nisms of protective effects of tea components are
discussed below. Only three studies have specifi-
cally investigated ovarian cancer [25-27], and these
will be discussed separately.

Antioxidant properties of green tea

The antioxidant property of tea polyphenoals is the
most popular cancer preventive mechanism [23).
Antioxidants protect cells against the damaging
effects of reactive oxygen species [23]. Catechins,
especially EGCG, are highly effective scavengers of
these oxidizing molecules, including singlet oxygen
and various free radicals that are possibly involved
in DNA damage and tumor promotion [28]. Ani-
mal studies have also shown that green tea cate-
chins contribute to the total antioxidant defense
system in the body by increasing total plasma
antioxidant activity [29,30].

Influence on enzymes

In addition to their individual antioxidant effect,
animal and in vitro studies have found that green
tea catechins increase the activity of several
detoxifying and antioxidant enzymes that can

metabolize carcinogens in the body into inactive
products [30-33]. For example, EGCG is an effec-
tive inhibitor of enzymes crucial for cancer
growth, such as urokinase [34] and telomerase [35].
However, tea polyphenols can interact with sev-
eral enzymes or proteins implicated in cancer
(e.g., ornithine decarboxylase, NADPH-cyto-
chrome P450 reductase, protein kinase C, ster-
oid 5-a reductase, tumor necrosis factor and
epidermal growth factor expression, nitric oxide
synthase and cyclooxygenase-2) [3s].

Apoptosis & cell-cycle progression arrest
Animal studies have demonstrated that both
EGCG and theaflavins in tea can induce
apoptosis [19] and cell-cycle arrest in many can-
cer cell lines [4]. It appears that green tea can
selectively induce apoptosis in cancer cells and
not normal cells [47. A molecular mechanism
proposed for these effects involves activation of
the p53 protein and induction of the expres-
sion of Bax and p21, primary responser activa-
tion genes for p53, all of which are involved in
accelerating programmed cell death [25,36].
These findings imply that green tea has the
potential for cancer prevention by inhibiting
tumor development and in cancer progression
by preventing tumor invasion, proliferation
and angiogenesis [34].

Reactive oxygen species (ROS) and mitotic
signal activation are considered to be major fac-
tors in tumor development [33]. ROS affect key
transcription factors that are active mitotic sig-
nal transducers, leading to stimulation of cell
proliferation, inflammation and tumor promo-
tion. In terms of cancer chemoprevention, tea
polyphenols can inhibit several of these tran-
scription factors, such as activator protein-1
and nuclear factor-xB, thereby blocking
mitotic signaling pathways [33].

Synergistic action of green tea

The mechanisms by which green tea may exert
a protective effect on cancer are not yet fully
understood. While EGCG is thought to be the
most important component of green tea, it is
likely that tea polyphenols may work synergis-
tically so that green tea may have stronger anti-
cancer effects than EGCG or any other
component alone [24]. Evidence also exists that
green tea components are more protective
when taken with caffeine. Although the role of
caffeine in carcinogenesis remains controver-
sial, several animal studies have reported a pro-
tective effect of caffeine on UV-induced skin
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carcinogenesis [19-221. One study observed
strong inhibitory effects for caffeinated teas
and caffeine but not decaffeinated tea [22]. Pro-
posed mechanisms include the stimulatory
effect of caffeine on UV-induced increases in
the number of wild-type p53-positive cells,
p21(WAF1/CIP1)-positive cells and apoptotic
sunburn cells [19].

In vitro & animal studies on green tea &
ovarian cancer

Three published studies specifically investigating
ovarian cancer were identified for this
article [25-271. A cell culture study observed that
EGCG suppressed cancer cell growth in three
ovarian carcinoma cell lines [25]. Growth was
suppressed through the induction of apoptosis
and cell-cycle arrest. The proposed molecular
mechanisms included regulation of the expres-
sion of particular genes and proteins (p53, Bax,
p21, cyclin D1 and Bcl-X, ) related to cancer cell
growth inhibition and apoptosis [25].

An animal study investigated the effects of
theanine (a water-soluble amino acid found in
green tea) on the M5076 ovarian sarcoma,
together with the antitumor activity of doxo-
rubicin ~ (Adriamycin®), an  anthracycline
antibiotic 26]. It concluded that theanine selec-
tively increased the doxorubicin concentration in
mice tumors by 2.7-fold whereas it decreased the
concentration in other tissues. This is an impor-
tant finding because cardiac toxicity is a severe
adverse side effect of doxorubicin [26]. Although
the injection of doxorubicin alone did not
inhibit tumor growth, the injection of doxo-
rubicin and theanine significantly reduced
tumor weight as compared with controls. The
oral administration of green tea to mice pro-
duced similar effects, which demonstrated the
modulating action of theanine or green tea on
doxorubicin. A subsequent study by the same
researchers found that theanine also enhanced
the inhibition of hepatic metastasis induced by
doxorubicin [27]. These results suggest that green
tea can play an important role in the treatment
of ovarian cancer.

Limitations of in vitro & animal studies

Findings from in vitro and animal studies need
to be supported by human studies that take
into account the absorption and uptake of
green tea compounds invivo. Many in vitro
and animal studies used very high concentra-
tions of catechins to demonstrate a protective
effect [4,23). However, green tea polyphenols

www.futuremedicine.com

undergo several processes after ingestion so that
the high catechin concentrations do not reflect
the actual levels found in the human body [4].
Furthermore, animal studies utilize a variety of
preparation methods for green tea that can
influence the content of green tea components
such as catechins, leading to unstable levels [23].
It is thus difficult to evaluate the relationship
between the amount of green tea ingestion and
the biologic effect that can be applied to
humans. There are also very few published
reports specifically on ovarian cancer.

Epidemiologic evidence

The effect of green tea on ovarian cancer has not
been investigated comprehensively; only one epi-
demiologic study has shown a preventive
effect [5]. This case—control study was conducted
in Hangzhou, China. Cases included 254 hosp-
ital in-patients with ovarian cancer, whereas con-
trols were 652 hospital visitors, out-patients or
women from the community. Detailed informa-
tion about frequency, type and duration of tea
consumption was collected by personal interview
using a validated questionnaire. The risk of epi-
thelial ovarian cancer significantly declined with
increasing consumption level and years of green
tea drinking. The adjusted odds ratio (OR) was
0.39 (95% confidence interval [CI]: 0.27-0.57)
for those drinking tea daily compared with never
or seldom tea drinkers, while the OR was 0.23
(95% CI: 0.13-0.41) for women who drank tea
for more than 30 years compared with non-
drinkers. The risk of serous cell ovarian cancer
appeared to have an even stronger inverse associ-
ation with tea consumption. It should be
remarked that over 90% of tea drinkers con-
sumed green tea while the consumption of black
and oolong tea was very low in Hangzhou.

The follow-up study of the same patients
reported that green tea affected the survival rate
of ovarian cancer patients post diagnosis ).
This prospective cohort study, which followed
244 ovarian cancer patients for a minimum of
3 years, found tea drinkers and non-tea drinkers
had a different survival experience. Hazard
ratios declined with increasing frequency and
quantity of green tea consumption. In particu-
lar, the adjusted hazard ratios were 0.55 (95%
Cl: 0.34-0.90) for tea drinkers compared with
non-tea drinkers and 0.38 (95% CI: 0.15-0.97)
for those consuming at least 2 g of dried tea
leaves per batch as compared with less than 2 g
per batch. All dose-response relationships
were significant.

773



PERSPECTIVE - Lee, Fraser & Binns

In contrast, none of seven other studies (dat-
ing back to 1983) reported any significant asso-
ciation between tea consumption and ovarian
cancer risk. An Australian case—control study
found no association, but black tea was by far
the most common type of tea consumed [37].
Five other case—control studies [3s-421 and one
cohort study [43] also showed little association
between tea consumption and reduced risk of
ovarian cancer. It should be noted, however,
that these studies were all conducted either in
the USA [38,39,41,43] or ltaly [40,42], where tea
drinking is much less prevalent than in
China [371. Moreover, the type of tea consumed
was not specified, nor were the effects of differ-
ent tea types examined. Table 1 summarizes and
compares these epidemiologic studies.

There are several possible explanations for
the null results. Firstly, the apparent differences
between high and low consumptions in the
USA- and Italian-based studies may not be
large enough to demonstrate a statistically sig-
nificant effect. Secondly, methodologic issues

may have affected their findings. These include
failure to control for potential confounding fac-
tors, problems quantifying tea intake and the
lack of comprehensive assessment of tea con-
sumption levels. For example, one study classi-
fied tea drinkers as ‘rare’ or ‘weekly’ drinkers
only 4. Unlike the Hangzhou study [s],
detailed information was not solicited on the
consumption pattern, types of tea consumed,
duration of tea drinking and tea preparation
method. Thirdly, differences in habitual tea
consumption between study populations may
have contributed to the contrasting results. For
example, tea consumption in Australia has
declined by 22% in the 5-year period from
1992-1993 to 1997-1998 [44], whereas the
Chinese tea consumption pattern has remained
relatively stable [s].

Discussion

The most definitive evidence of cancer preven-
tion by green tea or tea components came from
cell culture lines and animal studies. However,

Table 1. Summary of epidemiologic studies on tea consumption and ovarian cancer.

Country

China

China

Australia

USA

USA

Italy

USA

Italy

USA

Level of tea consumption

>1 cup/day (350 ml) versus

Results: adjusted OR, Refs
RR or HR (95% Cl)

OR: 0.39 (0.27-0.57) [5]
OR: 0.23 (0.13-0.41)

>30 years of consumption

Study design Sample size
Case—control 254 cases,
(hospital based) 652 controls none
Versus never
Cohort 244 ovarian

cancer patients none

>1 cup/day (350 ml) versus

HR: 0.43 (0.20-0.92) 61*

Case—control 696 cases, >4 cups/day versus none OR: 1.10 (0.76-1.61) [37]
(population 786 controls
based)
Case—control 274 cases, >3 cups/day versus none OR: 0.84 [38]
(hospital based) 1034 controls (95% CI not available)
Case—control 290 cases, >5 cups/day versus none OR: 0.70 (0.3-1.6) for [39]
(hospital based) 1056 controls controls with cancer
OR: 0.50 (0.2-1.0) for
cancer-free controls
Case—control 742 cases, >1 cup/month versus never OR: 0.90 (0.75-1.08) [40]
(hospital based) 6147 controls
Case—control 549 cases, >1 cup/week versus rarely OR: 1.06 (0.83-1.36) [41]
(population 516 controls
based)
Case—control 1031 cases, >1 cup/day versus none OR: 0.90 (0.75-1.08) [42]
(hospital based) 2411 controls
Cohort 35,369 >2 cups/day versus none RR: 0.98 (0.50- 1.90) [43]
postmenopausal
women

*Study on tea consumption and ovarian cancer survival.
HR: Hazard ratio; OR: Odds ratio; RR: Relative risk.

774

Future Oncol. (2005) 1(6)



Green tea in ovarian cancer prevention - PERSPECTIVE

the effects observed in these model systems are
not always reproducible in humans. While epi-
demiologic evidence for several cancers is grow-
ing, only one published epidemiologic study has
shown a preventive effect specifically on ovarian
cancer [s].

There is emerging evidence for the role of
green tea in ovarian cancer prevention but more
evidence is required, especially from human
studies. Defining the biologic mechanisms of
various tea components is an important area of
research. Evidence is also lacking on the dosage
required for effect, efficacy of absorption and
attainable blood levels, as well as the chemo-
preventive effects of different types of tea. Black
tea is commonly consumed in Western
countries [17], yet the majority of in vitro and
animal studies have focussed on green tea. The
chemistry and chemopreventive properties of
black tea are still not understood. Current evi-
dence suggests that green tea may offer stronger
protection than other types of tea due to its
higher catechin content [18]. On the other hand,
it is possible that green tea drinking may simply
serve as a marker of a healthy lifestyle protective
against cancer. In addition, green tea may have

different chemopreventive effects on different
subtypes of ovarian cancer, in view of their vary-
ing etiologies [21. This issue has not been fully
explored in the literature.

More observational studies should be conducted
in a variety of populations who consume different
types and amounts of tea, before conducting large-
scale clinical trials. Nevertheless, green tea is a safe
and cheap beverage. The consumption of green tea
should be encouraged because of its potential as a
practical method of cancer prevention and
complementary cancer treatment.

Future perspectives

It is envisaged that over the next decade further
support will emerge from in vitro, animal and
epidemiologic studies concerning the effects of
green tea on ovarian cancer prevention and
treatment. Provided that findings are favorable,
large-scale randomized controlled trials will
then follow to ensure its efficacy. Once addi-
tional evidence for the preventive effect of green
tea on other cancers and lifestyle diseases
becomes available, dosage recommendations for
green tea will be made and its consumption will
increase substantially in Western societies.

Executive summary

Introduction

= Ovarian cancer is the leading cause of death from gynecologic cancer. The incidence of ovarian cancer varies considerably
across countries.

« Green tea is an unfermented form of tea rich in catechins, a category of polyphenols that have chemopreventive properties.
« Green tea has shown promise in the prevention of several cancers, including ovarian cancer.
In vitro & animal studies

< In vitro cell cultures and animal studies have provided strong evidence of green tea or tea components in cancer prevention.
Potential mechanisms include its antioxidant properties, influence on enzymes, induction of apoptosis and cell-cycle arrest.

« Two studies found that green tea or theanine could enhance the effectiveness of ovarian cancer treatment.
Epidemiologic evidence
* Human case—control and cohort studies have generated inconsistent results.

« Recent research conducted in China reported reduced risk of ovarian cancer and increased survival post diagnosis with green
tea consumption.

Future perspectives
« Green tea is a safe and cheap beverage. Its consumption should be encouraged.

= Although green tea plays a role in ovarian cancer prevention, its effects on different subtypes of ovarian cancer need to
be investigated.

« Further studies in a variety of populations who consume different types and amounts of tea are required prior to conducting
large-scale clinical trials.

= Once additional evidence for the preventive effect of green tea becomes available, dosage recommendations for green tea will be
made and its consumption will increase substantially in Western societies.
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