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Abstract

Purpose: We have shown previously that oral feeding of green tea polyphenols (GTP) to
transgenic adenocarcinoma of the mouse prostate mice in a purely chemopreventive setting
significantly inhibits prostate cancer development. To translate this to a human situation, the
present study was designed to identify the stage of prostate cancer that is most vulnerable to
chemopreventive intervention by GTP.
Experimental Design: GTP infusion (0.1% in drinking water) to transgenic adenocarcinoma of
the mouse prostate was initiated at ages representing different stage of the disease: (a) 6 weeks
(group 1, normal prostate), (b) 12 weeks (group 2, prostatic intraepithelial neoplasia), (c)
18 weeks (group 3, well-differentiated adenocarcinoma), and (b) 28 weeks (group 4, moderately
differentiated adenocarcinoma). At age 32 weeks, subsets of animals were evaluated by magnetic
resonance imaging, ultrasound, and prostate weight and for serum insulin-like growth factor
(IGF)-I/IGF binding protein-3 and IGF signaling.
Results: Tumor-free survival was extended to 38 weeks (P < 0.001) in group 1, 31 weeks
(P < 0.01) in group 2, and 24 weeks (P < 0.05) in group 3 compared with 19 weeks in water-fed
controls. Median life expectancy was 68 weeks in group 1, 63 weeks in group 2, 56 weeks
in group 3, and 51 weeks in group 4 compared with 42 weeks in the control mice. IGF-I and
its downstream targets including phosphatidylinositol 3-kinase, pAkt, and phosphorylated
extracellular signal-regulated kinase were significantly inhibited only when intervention was
initiated early when prostatic intraepithelial neoplasia lesions were common.
Conclusions: Our studies indicate that chemopreventive potential of GTP decreases with
advancing stage of the disease and underscore the need to design appropriate chemoprevention
clinical trails.

Among all cancers, prostate cancer is an ideal candidate disease
for chemoprevention because it is typically diagnosed in men
ages >50 years and has a high latency period (1, 2). Therefore,
even a slight delay in the progression of this disease by
chemopreventive intervention could result in a substantial
reduction in the incidence of the disease and, more importantly, improve the quality of life of the patients (1, 2).
Evidences collected from geographic, epidemiologic, and
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migration studies suggest that frequent consumption of green
tea is associated with lower frequencies of prostate cancer in
Asian population in general compared with those in western
societies (3 – 7). Laboratory and preclinical animal studies also
indicate a protective role of green tea against prostate cancer
(reviewed in refs. 8 – 12).
We have shown previously that oral infusion of a decaffeinated polyphenolic fraction isolated from green tea at a human
achievable dose (equivalent to 6 cups of green tea a day)
beginning at age 8 weeks significantly inhibits prostate cancer
development, progression, and its metastasis and enhances
tumor-free and overall survival in the transgenic adenocarcinoma of the mouse prostate (TRAMP) mice (13 – 15). Initial
clinical trials of green tea polyphenols (GTP) involving human
prostate cancer patients have produced mixed results. Choan
et al. (16) evaluated the efficacy and toxicity of green tea on
hormone-refractory prostate cancer. Patients with hormonerefractory prostate cancer were prescribed green tea extract
capsules at a dose level of 250 mg twice daily. Although
treatment was generally well tolerated, 9 of 15 patients had
progressive disease within 2 months of starting therapy and
6 patients developed progressive disease after additional 1 to
4 months of therapy. The study concluded that green tea had
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Translational Relevance
In this preclinical study our findings support the
assumption that green tea feeding could be more beneficial
to patients diagnosed with early prostatic intraepithelial
neoplasia (PIN) lesions. The AACR Task Force on Cancer
Chemoprevention advocates that when a diagnosis of
high-grade PIN is combined with other risk factors, such
as serum prostate-specific antigen, age, race, and/or family
history, cohorts of men at very high risk for developing
prostate cancer are identified, who have prostate cancer incidence rates of 40% over 3 years and 80% over 10 years.
Green tea intervention could be undertaken by identifying a
cohort of such patients that will allow a large phase III placebo-controlled trial that has prostate cancer incidence as
the primary endpoint. A 30% reduction in prostate cancer
incidence in the high-grade PIN patients who are safely
treated with green tea compared with control patients
should likely constitute a clinical benefit.

minimal clinical activity against hormone-refractory prostate
cancer. A phase II trial explored the antineoplastic effects of
green tea’s (6 g/d green tea, orally in 6 divided doses) in 42
patients with hormone-refractory prostate cancer (17). Tumor
response, defined as a decline (z50%) in the baseline prostatespecific antigen value, occurred in only 2% of the cohort (95%
confidence interval, 1-14%), which was not sustained beyond 2
months. The study suggested that green tea carries limited
antineoplastic activity, as defined by a decline in prostatespecific antigen levels, among patients with hormone-refractory
prostate cancer (17).
A recent proof-of-principle clinical trial assessed the safety
and efficacy of green tea consumption in volunteers with highgrade prostatic intraepithelial neoplasia (HGPIN; ref. 18).
Tumor incidence was significantly lower in green tea-treated
men compared with placebo-treated men. A 2-year follow-up of
patients from the same study indicated that green tea effects
were long-lasting (19). This study brought into focus the
importance of early intervention with green tea and highlighted
the significance of green tea in a purely chemopreventive
setting.
We hypothesized that green tea feeding is more effective at
early stages of prostate cancer development than at the later
stages. This study, therefore, was designed to assess the
effectiveness of oral feeding of GTP at defined stages of prostate
cancer development and progression in the autochthonous
transgenic TRAMP model. Alternatively, this preclinical study
was intended to assess the appropriateness of the stage of
prostate cancer patients that could benefit from green tea
consumption.

Materials and Methods
Materials. Decaffeinated GTP (>95% enriched preparation) was a
kind gift from Mitsui Norin and contained epigallocatechin-3-gallate
(62%), epicatechin-3-gallate (24%), epigallocatechin (5%), and epicatechin (6%). Antibodies against pAkt and phosphorylated extracellular signal-regulated kinase (ERK) were purchased from Cell Signaling
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Technology; anti-phosphatidylinositol 3-kinase (PI3K) antibody was
purchased from Upstate (now Millipore) and h-actin antibody was
from Sigma. Antibodies against insulin-like growth factor (IGF)-I and
IGF binding protein (IGFBP)-3 were purchased from Santa Cruz
Biotechnology.
Animals. The male and female TRAMP mice developed on a pure
C57BL/6 background, heterozygous for the probasin-Tag transgene,
were bred and maintained in the Animal Care Facility (School of
Medicine and Public Health, University of Wisconsin-Madison). Transgenic males for these studies were routinely obtained as [TRAMP 
C57BL/6] F1 or as [TRAMP  C57BL/6] F2 offspring. The identity of
transgenic mice was established by the PCR-based DNA screening as
described previously (20, 21). All experiments were conducted in
accordance with the NIH Guide for the Care and Use of Laboratory
Animals and approved by the Institutional Animal Care and Use
Committee.
Study design. Throughout the experiment, the animals were housed
under standard animal housing conditions and had free access to
laboratory chow and drinking fluid ad libitum. Oral feeding of GTP
(0.1% in drinking water ad libitum) was initiated in animals at ages
representing different stages of the disease: (a) 6 weeks (group 1), when
mice have normal prostate pathology; (b) 12 weeks (group 2), when
mice histologically display PIN; (c) 18 weeks (group 3), when severe
PIN and well-differentiated adenocarcinoma (WDA) are observed; and
(d) 28 weeks (group 4), when mice display moderately differentiated
adenocarcinoma (MDA) and metastasis is common. Control groups
that received water alone were run in parallel. Freshly prepared solution
of GTP in tap water was supplied every Monday, Wednesday, and Friday
to experimental animals and the control animals were supplied with
only tap water throughout the experiment. This feeding regimen is well
tolerated by animals and has been used in mice in many previous
studies from this (13 – 15) and other (22 – 26) laboratories and is
equivalent to an approximate consumption of 4 to 6 cups of green tea a
day by an average adult human. Eighteen animals were assigned to each
group including the control water-fed group. Animals were monitored
biweekly for tumor development by abdominal pelvic palpation and
survival. At age 32 weeks, 5 animals from each group were randomly
selected and evaluated by magnetic resonance imaging (MRI) and
ultrasound. Blood was collected by puncturing the retro-orbital plexus
and animals were later killed by cervical dislocation, and the
genitourinary apparatus containing the seminal vesicles, urinary
bladder, and the prostates were carefully removed. Dorsolateral prostate
was carefully dissected under the microscope for further studies. Ten
animals from each group were allowed to remain in the protocol for
evaluation of overall survival.
MRI. Five animals from each group were randomly selected and
monitored for tumor growth by MRI at age 32 weeks. Imaging was done
by using a whole-body Varian 4.7T (Magnetic Resonance Systems)
horizontal bore imaging/spectroscopy system (7.0 cm i.d.) equipped
with isoflurane gas anesthesia system. Tumor volumes were determined
by manual image segmentation by manually outlining tumor boundaries in parallel slices separated by 50 Am in the two-dimensional
images. The areas of the outlined contours were summed and
multiplied by the interslice distance to compute tumor volume.
Ultrasound imaging. Ultrasound imaging was done using the Vevo
770 microimaging system (Visualsonics) with a 30 MHz transducer for
three-dimensional image visualization and advanced analysis software.
Mice were anesthetized by inhalation of isoflurane with 1% to 3%
oxygen and ventral hair was removed using a mild depilatory cream.
Mice were placed on a thermostatically controlled heating pad to help
maintain mouse body temperature. A water-based ultrasonic gel was
applied between the imaging probe transducer and the mouse skin and
the abdominal area was imaged. Orientation of the prostate gland on
ultrasound was accomplished by visualizing the bladder, which is less
echogenic and appears as a dark area.
IGF-I and IGFBP-3 assay. Serum was separated from the whole
blood obtained from the retro-orbital venous plexus with heparinized
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capillary tubes, and IGF-I and IGFBP-3 levels were determined by
commercially available ELISA kits (Diagnostic Systems Laboratories)
according to the manufacturer’s protocol.
Preparation and analysis of tissue. At the time of sacrifice, the lower
genitourinary apparatus, including the bladder, seminal vesicles, and
prostate, was removed en bloc. The genitourinary wet weight was
recorded to the nearest 0.01 g. The dorsolateral prostate was dissected
under a dissecting microscope and weighed.
Immunoblot analysis. The dorsolateral prostate removed from both
treated and control groups was homogenized in lysis buffer [50 mmol/L
Tris-HCl, 150 mmol/L NaCl, 1 mmol/L EGTA, 1 mmol/L EDTA,
20 mmol/L NaF, 100 mmol/L Na3VO4, 0.5% NP-40, 1% Triton X-100,
1 mmol/L phenylmethylsulfonyl fluoride, 10 Ag/mL aprotinin, and
10 Ag/mL leupeptin (pH 7.4)] at 4jC to prepare cell lysates. The protein
concentration was determined by a commercially available BCA protein
estimation kit (Pierce Biotechnology) and following the manufacturer’s
protocol. Appropriate amount of protein (25-50 Ag) was resolved over
8% to 14% Tris-glycine polyacrylamide gel and then transferred onto
the nitrocellulose membrane. The blots were blocked using 5% nonfat
dry milk and probed using appropriate primary and horseradish
peroxidase-labeled secondary antibodies. The blots were washed and
the protein was detected by chemiluminescence using enhanced
chemiluminescence kit (Amersham Life Science) followed by autoradiography with XAR-5 film (Amersham Life Science). For every
immunoblot, equal loading of protein was confirmed by stripping
the blot and reprobing with h-actin antibody.
Histology and immunohistochemical analysis. Sections (4 Am) were
cut from paraffin-embedded prostate tissues. Immunostaining was
done using specific antibodies with appropriate dilutions and replaced
with either normal host serum or block for negative controls followed
by staining with appropriate biotin-conjugated secondary antibodies
and by incubation with avidin-horseradish peroxidase conjugate. The
slides were developed in diaminobenzidine and counterstained with a
weak solution of hematoxylin stain. The stained slides were
dehydrated and mounted in Permount and visualized on a ZeissAxiophot DM HT microscope. Images were captured with an attached
camera linked to a computer.
Statistical analysis. Five tumors from each group were randomly
selected for all histology and immunohistochemical analyses. Data are
expressed as mean with 95% confidence intervals for 5 mice. Statistical
significance of differences in all measurements between control and
GTP-treated groups was determined by one-way ANOVA followed by
Tukey’s post hoc analysis for multiple comparisons. Student’s paired
t test was used for pair wise group comparisons, as needed. All statistical
tests were two-sided, and P < 0.05 was considered statistically
significant. Kaplan-Meier method was used to estimate survival, and
differences were analyzed by the log-rank test.

to 31 weeks (P < 0.05, PIN; Fig. 1B). When oral GTP was
initiated at age 18 weeks, overall survival was extended to
56 weeks (P < 0.05, WDA; Fig. 1A) and tumor-free survival was
24 weeks (nonsignificant, WDA; Fig. 1B). When initiated at age
28 weeks, oral GTP did not result in a statistically significant
change in overall survival (MDA; Fig. 1A). These data indicate
that effective chemopreventive potential of oral GTP decreases
when tested in animals with increasing tumor grade. In terms of
overall and tumor-free survival, GTP was most effective when
given to animals with no cancer or at early stages of PIN
development. It was moderately effective when given during the
development of adenocarcinoma and least protective when
given at advanced stages of tumor development. It is important
to mention here that no differences in food or water intake
were observed between different groups. Average food intake
for each mouse in each group was 2.86 F 058 g/mouse/d.
Effect of oral feeding of GTP on tumor volume in TRAMP mice
as evaluated by MRI. Oral feeding of GTP was initiated in
different groups of TRAMP mice as detailed above. When mice
reached age 32 weeks, they were evaluated for prostate cancer
development and tumor growth by longitudinal MRI analysis.
Five animals from each experimental group and the control
group were randomly selected and subjected to MRI using a
whole-body 4.5 T imager with a custom-built small animal
receiver coil. As evident from MRI, at age 32 weeks, the control

Results
Effect of oral feeding of GTP in TRAMP mice on tumor-free and
overall survival. Our earlier studies have shown that oral
feeding of GTP when initiated early at age 8 weeks in animals
with no prostate abnormality increases tumor-free and overall
survival in the TRAMP model (13). The present study was
designed to investigate the effect on tumor development when
oral GTP feeding was initiated at ages representing different
stages of disease progression. In control animals that did not
receive GTP, overall survival was 42 weeks (Fig. 1A) and tumorfree survival was 19 weeks (Fig. 1B). When initiated at age
6 weeks, oral GTP extended overall survival to 68 weeks
(P < 0.001, no cancer; Fig. 1A) and tumor-free survival to
38 weeks (P < 0.01, no cancer; Fig. 1B). When initiated at
age 12 weeks, overall survival was extended to 63 weeks
(P < 0.01, PIN; Fig. 1A) and tumor-free survival was extended
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Fig. 1. Effect of oral feeding of GTP on overall and tumor-free survival. Oral GTP
(0.1% in drinking water ad libitum) was initiated in animals at ages representing
different stages of the disease as described in the text. A control group that received
water alone was run in parallel. A, animals were allowed to remain in the protocol
until death to ascertain overall survival by Kaplan-Meier analysis. Survival probability
by log-rank test. B, animals were monitored biweekly for tumor development by
abdominal pelvic palpation to analyze tumor-free survival. Time in weeks is the start
of oral feeding of GTP. Mean F SD.
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water-fed TRAMP mice and the GTP-fed mice from MDA group
4 were found to have fully developed tumors that occupied a
large part of the abdomen (Fig. 2A). In sharp contrast, TRAMP
mice from GTP-fed groups (no cancer, PIN and WDA) had
relatively low tumor burden; however, tumor burden increased
with delay in chemopreventive intervention with GTP. Using
the three-dimensional rendering of prostate tissue/tumors to
determine the volume of the tumor in vivo suggested that
animals that received GTP at an advanced stage of cancer
progression (MDA) did not exhibit significant differences in
tumor volumes compared with controls (Fig. 2B).
Effect of oral feeding of GTP on prostate cancer development in
TRAMP mice evaluated by ultrasound imaging. The Vevo 770
microultrasound is an excellent tool to identify and quantify
normal and diseased prostate anatomy in small animal models
in vivo in real-time. As seen in Fig. 2B, tumor sizes as visualized
at age 32 weeks in control water-fed and experimental GTP-fed
mice in groups showed significant differences. No tumors were
seen in animals that received GTP when initiated early when no
cancer is observed (Fig. 2C, 6 weeks, no cancer). When initiated
at PIN stage, a few small tumors could be seen at 32 weeks
(Fig. 2C, 12 weeks, PIN). Large tumors were observed in
animals where GTP intervention was significantly delayed
(Fig. 2C, WDA and MDA).
Effect of oral feeding of GTP on tumor weight in TRAMP mice
as evaluated by genitourinary weight. Water-fed control and
GTP-fed mice from all experimental were killed at age 32 weeks
and the urogenital apparatus containing the seminal vesicles,
bladder, and the prostates was removed en bloc and weighed
and photographed. Mice from GTP-fed groups (no cancer, PIN

Fig. 2. Effect of oral feeding of GTP on prostate cancer development inTRAMP
mice. Tumor growth was evaluated by longitudinal MRI analysis and by two- and
three-dimensional ultrasound imaging. A, representative MRI of the pelvic region
of TRAMP mice at age 32 wk subjected to oral infusion of GTP started at age 6 wk
(no cancer), 12 wk (PIN), 18 wk (HGPIN and cancer), and 28 wk (cancer and
metastasis). B, mean F SD tumor volumes in cm3 as evaluated by two-dimensional
MRI-based imaging. C, representative ultrasound images of the abdominal region
of TRAMP mice subjected to oral infusion of GTP starting at age 6, 12, 18, and
28 wk.
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Fig. 3. Effect of oral feeding of GTP inTRAMP on genitourinary apparatus weight
recorded at age 32 weeks. Oral GTP (0.1% in drinking water ad libitum) was initiated
in animals at ages representing different stages of the disease as described in the
text. At age 32 weeks, animals from each group were evaluated for genitourinary
weight. A, representative images of the genitourinary apparatus of TRAMP mice
subjected to oral infusion of GTP starting at (no cancer), age 12 weeks (PIN),
18 weeks (HGPIN and cancer), and 28 weeks (cancer and metastasis).
B, mean F SD genitourinary weight.

and WDA) had significantly lower urogenital apparatus weights
compared with the control; however, the degree of inhibition
was greater in mice where GTP was initiated very early when no
cancer is seen and decreased in groups where GTP was initiated
at PIN and WDA stages (Fig. 3A and B). There was no difference
in urogenital apparatus weights between control mice and
those from the group where GTP was initiated at MDA stage,
suggesting lack of tumor growth inhibition at later stages of
tumor development.
Effect of oral feeding of GTP on serum IGF-I and IGFBP-3
levels. We have observed previously an increase in serum IGF-I
levels with concomitant decrease in serum IGFBP-3 levels in
TRAMP mice during cancer progression (13, 14). Because IGFs
are known to be produced locally by most tissues, in which
they act in an autocrine or a paracrine manner, we determined
serum IGF-I and IGFBP-3 levels in the water-fed control and
GTP-fed groups. At age 32 weeks, blood was obtained from
mice of each group and serum was separated for estimation
of IGF-I and IGFBP-3 levels. We observed that maximum
inhibition in serum IGF-I levels was observed in mice
belonging to group 1 where chemopreventive intervention
with GTP started early at age 6 weeks, when no cancer is
observed. With progressive delay in chemopreventive intervention with GTP, there was also decrease in IGF-I inhibition
(Fig. 4A). No differences in IGF-I levels were observed between
control mice and mice from MDA group where GTP intervention started late when advanced tumors are present and
metastasis is common (Fig. 4A). We observed a similar trend
when IGFBP-3 levels were monitored. Maximum restoration of
IGFBP-3 levels was observed in group where GTP intervention
started early and this restoration in IGFBP-3 levels showed a
continuous decrease with delay in GTP intervention. No
significant differences in IGFBP-3 levels were observed between
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control mice and those belonging to MDA group (Fig. 4B).
These data also suggest that chemopreventive efficacy of green
tea decreases with increasing stage of disease progression.
Effect of oral GTP feeding to TRAMP mice on IGF-I
signaling. Intrinsic induction of IGF-I can trigger multiple
signal transduction pathways that include the mitogenactivated protein kinase (ERK) pathway and the PI3K-dependent pathway implicated in the cell survival signals. We
therefore analyzed the expression of PI3K, Akt, and ERK1/2 in
the dorsolateral prostate/tumors of TRAMP mice from control
and experimental groups. We observed that maximum inhibition of PI3K/Akt/ERK was observed in mice belonging to group
1 where chemopreventive intervention with GTP started early at
age 6 weeks, when no cancer is observed (Fig. 5A). With
progressive delay in chemopreventive intervention with GTP,
there was also decrease in inhibition of phosphorylation of
PI3K/Akt/ERK (Fig. 5A and B). These data further reinforce and
suggest that chemopreventive efficacy of green tea decreases
with advancing stage of the disease.
Effect of oral feeding of GTP to TRAMP mice on prostate
pathology and tissue IGF-I immunostaining. At age 32 weeks,
prostate tissues were processed for routine pathologic analysis
by H&E staining. Mice that started GTP feeding at stage with no
cancer exhibited mostly normal pathology with sparse areas of
early PIN lesions (Fig. 6A, b). Mice from group 2 that started
GTP feeding at the stage of PIN lesions exhibited mostly HGPIN
lesions with areas of WDA (Fig. 6A, c-d). Mice from group 3,
which received oral GTP starting at stages that represented
severe hyperplasia and adenocarcinoma, had tumors with areas

Fig. 5. Effect of oral feeding of GTP toTRAMP on downstream IGF signaling. Oral
GTP (0.1% in drinking water ad libitum) was initiated in animals at ages representing
different stages of the disease as described in the text. A, at age 32 wk, the
dorsolateral prostate was dissected and tissue lysates were prepared and subjected
to immunoblotting for PI3K/p85, pAkt, and phosphorylated ERK. Five samples
from each group were analyzed by immunoblotting under identical conditions;
however, only two representative bands from each are shown. B, bands for pAkt
were subjected to densitometric analysis to ascertain quantitatively the change
compared with control. Mean F SD relative density of five bands from each group
normalized to whole Akt.

of WDA to MDA (Fig. 6A, e). Increased IGF-I expression was
seen in the tissues of animals belonging to control and the
MDA group (Fig. 6B, a and f). Animals in groups where GTP
was initiated at 6 and 12 weeks (Fig. 6B, b-d) had significantly
low expression of IGF-I in the epithelial cells; however, IGF-I
expression was observed in the surrounding stroma (Fig. 6B,
b-d). Animals in group WDA where GTP was initiated at later
stage also exhibited significantly higher expression of IGF-I
(Fig. 6B, e). These observations further suggest that GTP
efficacy, when measured in terms of its potential to inhibit
IGF-I, decreases with advancing stage of the disease.

Discussion

Fig. 4. Effect of oral feeding of GTP inTRAMP on serum IGF-I and IGFBP-3 levels.
Oral GTP (0.1% in drinking water ad libitum) was initiated in animals at ages
representing different stages of the disease as described in the text. A control
group that received water alone was run in parallel. At age 32 wk, blood was
collected and serum was separated for (A) IGF-I and (B) IGFBP-3 levels.
Mean F SD.
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In 2008, prostate cancer is expected to be diagnosed in
186,320 men and to cause 28,660 deaths, making this the most
common and second deadliest cancer in U.S. men (27).
Prostate cancer progresses slowly through well-defined stages
characterized by initial hyperplasia and subsequent development of adenocarcinoma. This slow progression allows a
window of opportunity to either stop or delay the progression
of the disease. One way to manage prostate cancer is through
chemoprevention (1, 2, 9, 28). Because chemopreventive
agents are likely to be used chronically by essentially healthy
people, naturally occurring and nontoxic dietary substances
make ideal candidates assuring safety on long-term use (28). At
present, many such agents are being evaluated in preclinical
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Fig. 6. Effect of oral feeding of GTP toTRAMP mice on prostate pathology and IGF-I immunostaining. Oral GTP (0.1% in drinking water ad libitum) was initiated in animals
at ages representing different stages of the disease as described in the text. At age 32 wk, the dorsolateral prostate was dissected and subjected to pathologic evaluation
by routine H&E staining as described in the text and also subjected to IGF-I expression by immunostaining. A, representative photomicrographs of the prostate tissue
from control water-fed TRAMP mouse (a) showing poorly differentiated adenocarcinoma also evident in (f), which received GTP starting at age 28 wk. b to e, sections from
different GTP-treated groups showing normal pathology in mice that received GTP starting at 6 wk (b) compared with mice that received GTP starting at 12 wk (c and d)
showing low-grade PIN to HGPIN lesions and 18 wk (e) showing well to moderate differentiation. Magnification, 200. B, photomicrographs showing sections from each
group stained by immunohistochemistry for IGF-I expression. Control water-fed mice (a) and mice that received GTP starting at age 28 wk (f) show high expression for
IGF-I. GTP-treated mice (b-e) show comparatively low expression of IGF-I with the degree of inhibition depending on the stage of GTP intervention.

models with the hope that some of these alone or in
combination could be recommended for prevention of prostate
cancer (1, 29). Among such agents, green tea has shown
considerable promise in preclinical models and potentially
beneficial effects in some human trials (13 – 26). In patients
with advanced prostate cancer, green tea was found to have
limited efficacy (16, 17); however, observations from recent
proof-of-principle clinical trial and a 2-year follow-up of
patients from the same trial suggest that green tea had
exceptionally remarkable effects when given to patients at an
early stage of the disease (18, 19). This study assumes much
significance because it highlights the implication of early
intervention with green tea, which is also consistent with ours
(13 – 15) and other (22 – 26) studies in purely chemopreventive
setting. In addition, epidemiologic studies and geographic
observations also indicate a lower incidence of prostate cancer
in populations that regularly consume green tea starting at early
stage of life (7). In light of these observations, we believe that
prevention of early procarcinogenic environment in the
prostate is essential for its further development and progression
to prostate cancer.
Our data indicate that green tea is more beneficial when
intervention is started at an early stage of the disease. We
looked at several parameters including overall survival, tumorfree survival, tumor volumes, and genitourinary weight and
biochemical parameters such as serum IGF-I and IGFBP-3
levels. All of these data indicated that effective inhibition
and delay in the progression of the disease is achieved when
GTP intervention is started early. We have observed previously
that IGF-I, including its related downstream signaling, is the
prime target of GTP-mediated inhibition of prostate carcinogenesis (13, 14). The present study corroborated our previous
observations and suggests that inhibition of IGF-I and its
downstream activated PI3K/Akt may in fact be necessary for
effective prevention of the disease. There is increasing evidence
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from epidemiologic, experimental, and clinical data suggesting
that inhibition of IGF signaling, particularly via the PI3K/
Akt-activated pathways, may be a target for chemoprevention
(10, 28). IGF levels are increased in many cancers, and levels
of IGF-binding protein-3 (which inhibits IGF signaling) are
decreased (10, 30, 31). Furthermore, Akt activation in transgenic mice leads to the rapid development of HGPIN (32).
The failure of GTP to effectively inhibit IGF signaling and
tumor growth at later stages of the disease in the current study
may be related to insufficient GTP to neutralize the circulating
IGF-I levels. Because these studies were done only at a dose of
0.1%, which mimics a real-life scenario of 4 of 6 cups of green
tea a day, we believe a higher dose of GTP, which may be
difficult to achieve through tea feeding, may have made some
difference at later stages too. However, higher doses were not
studied to offset any associated side effects with the use of GTP
(33). Another argument that seems more relevant relates to the
role of IGF itself in the TRAMP model. Expression of IGF-I
mRNA and serum IGF-I was not increased in androgenindependent disease in the TRAMP model, suggesting that
IGF-I is probably more important for early cancer development
than in advanced disease (34, 35). In TRAMP, the expression of
IGF-I mRNA in the prostate, evaluated on a ‘‘per cell’’ basis,
increased with prostate cancer progression and serum IGF-I was
also found to be precociously elevated early during cancer
progression (34, 35). We also observed that serum IGFBP-3
levels were restored by oral feeding of GTP in the TRAMP.
IGFBP-3 is reduced in the serum and prostatic tissue of prostate
cancer patients and this decrease in IGFBP-3 may serve to
potentiate IGF-I-induced growth. Prostate-specific antigen,
often elevated in prostate cancer patients, is a protease that
cleaves IGFBP-3 and potentiates IGF-I action in the presence of
IGFBP-3 (36). Thus, the observed changes in IGFBP-3
expression may alter IGF ligand bioavailability in prostate
cancer (37, 38).
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Our findings support the assumption that GTP feeding could
be more beneficial to patients diagnosed with early PIN lesions
(23). Available data support the conclusion that the presence of
PIN on prostate biopsy predicts for an increased risk for
prostate cancer and that some PIN lesions give rise to prostate
cancer. This approach may also be promising in individuals (a)
at high-risk for developing prostate cancer, (b) with HGPIN,
and (c) under watchful waiting with low-grade cancer.
The AACR Task Force on Cancer Chemoprevention advocates
that when a diagnosis of HGPIN is combined with other risk
factors, such as serum prostate-specific antigen, age, race,
and/or family history, cohorts of men at very high risk for
developing prostate cancer are identified who have prostate
cancer incidence rates of 40% over 3 years and 80% over 10
years (28). Also, prostate cancer incidence can be estimated
in cohorts of patients with HGPIN, prostate-specific antigen
abnormalities, and other risk factors, allowing phase III
placebo-controlled trials that have prostate cancer incidence
as the primary endpoint (28). Such trials will evaluate prostate

cancer risk reduction and will validate extent of HGPIN as a
suitable efficacy endpoint (28). A 30% reduction in prostate
cancer incidence in the HGPIN patients who are safely treated
with GTP compared with control patients should likely
constitute a clinical benefit. In summary, we provide data to
support a large clinical trial of green tea for patients with early
lesions and at risk for developing prostate cancer and to stop or
delay the progression of the disease at its outset.
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