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Abstract

Background—~Preclinical and epidemiologic studies suggest chemopreventive effects of green
tea (GT) and black tea (BT) in prostate cancer. In the current study we determined the effect of GT
and BT consumption on biomarkers related to prostate cancer development and progression.

Methods—In this exploratory, open label, phase I trial 113 men diagnosed with prostate cancer
were randomized to consume six cups daily of brewed GT, BT or water (control) prior to radical
prostatectomy (RP). The primary endpoint was prostate tumor markers of cancer development and
progression determined by tissue immunostaining of proliferation (Ki67), apoptosis (Bcl-2, Bax,
Tunel), inflammation [nuclear and cytoplasmic nuclear factor kappa B (NFxB)] and oxidation [8-
hydroxydeoxy- guanosine (80OHdG)]. Secondary endpoints of urinary oxidation, tea polyphenol
uptake in prostate tissue, and serum prostate specific antigen (PSA) were evaluated by high
performance liquid chromatography and ELISA analysis.

Results—Ninety three patients completed the intervention. There was no significant difference
in markers of proliferation, apoptosis and oxidation in RP tissue comparing GT and BT to water
control. Nuclear staining of NFkB was significantly decreased in RP tissue of men consuming GT
(p=0.013) but not BT (p=0.931) compared to water control. Tea polyphenols were detected in
prostate tissue from 32 of 34 men consuming GT but not in the other groups. Evidence of a
systemic antioxidant effect was observed (reduced urinary 80OHdAG) only with GT consumption
(p=0.03). GT, but not BT or water, also led to a small but statistically significant decrease in
serum prostate-specific antigen (PSA) levels (p=0.04).
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Conclusion—Given the GT-induced changes in NFKB and systemic oxidation, and uptake of
GT polyphenols in prostate tissue, future longer-term studies are warranted to further examine the
role of GT for prostate cancer prevention and treatment, and possibly for other prostate conditions
such as prostatitis.

Keywords
Bcl-2; bax; nuclear factor kappa B; phase Il clinical intervention study

Introduction

Both green tea (GT) and black tea (BT) are derived from the leaves of the Camellia sinensis
plant. However, post-harvest processing preserves the polyphenol composition of GT, while
during the production of BT auto-oxidation/ fermentation takes place. As a result, the
concentrations and types of polyphenols found in GT and BT are different. The polyphenols
present in GT are in monomeric forms including: (-)-epigallocatechin-3-gallate (EGCG);
(-)-epigallocatechin (EGC); (-)-epicatechin (EC); and (=)-epicatechin-3-gallate (ECG) [1].
During the production of BT monomeric tea polyphenols undergo polymerization to
theaflavins and thearubigins, while only small amounts of monomeric polyphenols remain
[1]. Metabolites from larger polyphenols in BT have antiproliferative effects in a number of
malignancies including prostate cancer, and have anti-inflammatory effects as demonstrated
in vitro and animal studies [2-5]. Evidence from cell culture and animal studies also suggest
that tea polyphenols inhibit proliferation and cell cycle events and induce apoptosis through
multiple mechanisms including antioxidant and anti-inflammatory activity [6,7]. Evidence
of the chemopreventive effects of GT and BT for delaying the development of prostate
cancer from human population studies is inconsistent [5]. One recent meta-analysis of the
effect of GT and BT consumption on prostate cancer risk demonstrated a borderline
significant decreased risk of prostate cancer in Asian men consuming the highest versus
none/lowest GT consumption, whereas another meta-analysis did not show any significant
decrease in risk [8,9]. The majority of recent clinical intervention studies have been
performed using GT extracts [5,10-12]. For example, a placebo-controlled study in men
diagnosed with high grade prostate intraepithelial neoplasia (PIN) demonstrated that
consuming 600 mg of GT extract daily for one year decreased progression from PIN to
adenocarcinoma [10]. Another single arm intervention study without a control arm showed a
significant decrease in serum PSA after 3—6 weeks administration of 800 mg Polyphenon E,
a purified GT extract with high content of EGCG [12]. A third placebo-controlled
intervention study of 800 mg of Polyphenon E supplementation daily did not show a
significant decrease in serum PSA [11]. Two intervention studies in castration resistant
prostate cancer did not demonstrate beneficial effects [13,14].

The aim of this preprostatectomy trial was to examine the effects of brewed GT and BT
consumption compared to water on biomarkers involved in prostate cancer development and
progression. Based on the outcome of preclinical studies, we investigated the effect of GT or
BT on markers of proliferation, apoptosis, inflammation and oxidation [5,7,15,16].
Secondary endpoints examined in this trial were uptake of tea polyphenols in prostate tissue,
urinary 8-hydroxydeoxyguanosine (BOHdG) as a marker of systemic oxidative DNA
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damage, and serum PSA levels. The dose of green tea (6 cups per day) was selected to
match the tea polyphenol content of previously published clinical trials with polyphenon E
[2, 5-7]. Although there are very few preclinical studies of black tea and prostate cancer, we
included a black tea arm since 78% of the worlds tea consumption is in the form of BT [1].
The present trial was designed to establish whether consuming green or black tea alters
biomarkers related to prostate cancer development and progression, and may therefore
support the conduct of large-scale prospective trials incorporating tea consumption.

Materials and Methods

Patients

Participants were recruited from the urology clinics at the Veterans Administration Greater
Los Angeles Healthcare System, UCLA, and the UCLA Santa Monica Medical Center from
2008 to 2012. Participants (40-70 y) had a diagnosis of clinically localized prostate
adenocarcinoma and were scheduled to undergo radical prostatectomy at least three weeks
after study entry. Participants were ineligible if they had a history of hepatitis, alcohol abuse
and other significant medical or psychiatric condition or took 5-alpha reductase inhibitors,
antiandrogens, or luteinizing hormone-releasing hormone agonists. Subjects were instructed
to abstain from all teas and tea containing products other than the study tea, and stop
nutritional supplements and herbal therapies (i.e., lycopene, selenium, vitamin E, fish oil,
and saw palmetto). The study was approved by the UCLA and Veterans Administration
Institutional Review Boards.

Clinical Trial Design and Tea Interventions

This was a prospective randomized, open label, three arm phase Il intervention trial. The
trial was registered with ClinicalTrial.gov (NCT00685516). All subjects signed informed
consent documents prior to study entry. Men were randomized to six cups daily of GT, BT,
or water for three to eight weeks prior to RP. The dose was chosen based on two prior
prostatectomy trials using Polyphenon E, a GT extract [11,12]. Both studies used a daily
dose of 1300 mg GT polyphenol (GTP) including 800 mg of EGCG. In the current study the
6 cups of GT provided a total of 1010 mg of GT polyphenols including 562 mg of EGCG
and 6 cups of BT provided 80 mg of tea polyphenols including 28 mg of EGCG and 35 mg
theaflavins in addition to 348 mg gallic acid. The thearubigin content was not analyzed.
Study subjects were randomized in permuted random block design with blocks of 12 for GT,
BT and water control. GT bags (authentic green tea) were provided by Celestial Seasonings
(Boulder, CO) and BT bags (Decaffeinated English Breakfast Tea) were purchased from
Twinings (Clifton, NJ). Subjects kept a tea consumption diary to record compliance
(minimum of 75% consumption of the six cups of tea). A morning first voided urine sample
was collected at baseline, two times during the intervention, and at the end of the
intervention. Fasting blood was collected before the intervention and within 5 days of the
surgery to measure liver function tests and prostate-specific antigen (PSA) concentration.
Liver function tests (aspartate aminotransferase, alanine aminotransferase and alkaline
phosphatase) were measured by the UCLA clinical laboratory. Serum PSA concentration
was analyzed by ELISA assay (GenWay Biotech Inc., San Diego, CA) according to the
manufacturer’s instruction. Prostate tissue was processed according to standard protocol of

Prostate. Author manuscript; available in PMC 2016 April 01.


http://ClinicalTrial.gov

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Henning et al.

Outcomes

Page 4

the UCLA and VA pathology departments and paraffin embedded blocks were archived.
Aliquots of fresh prostate tissue obtained after the prostatectomy were wrapped in foil,
frozen in liquid nitrogen, and stored at =70 °C.

The primary endpoint of this exploratory study was focused on the evaluation of markers of
cancer development and progression in malignant RP tissue by immunostaining. The
objective was to determine the effect of GT and BT consumption on proliferation (Ki67),
apoptosis (TUNEL, Bax, Bcl-2), inflammation (nuclear and cytoplasmic NFkB) and
oxidation (80OHdG) in malignant RP tissue compared to water control using
immunohistochemistry. Secondary endpoints were levels of tea polyphenols and methylated
tea polyphenol metabolites in fresh frozen radical prostatectomy tissue and urine, urinary
oxidative DNA damage (80HdG) and serum prostate-specific antigen (PSA) levels.

Polyphenol analysis of brewed GT and BT

The GT and BT polyphenol composition of brewed tea (one bag in 240 mL of boiling water
for 5 min) was determined by HPLC with CoulArray electrochemical detection (ESA,
Chelmsford, MA) as previously described (GT: mg/L: 855.0+11.8 total phenolics, 396.8 £
28.3 EGCG, 202.3+ 10.9 EGC, 52.1 + 4.7 EC, 62.1 + 4.6 ECG, 11.8+2.3 gallic acid and 0
THE and BT: mg/L: 661.5+5.8 total phenolics, 28.1+0.8 EGCG, 5.6+0.5 EGC, 8.4+0.2 EC,
15.5+0.3 ECG, 242.1+3.6 gallic acid and 24.6+2.5 THE) [17]. All HPLC grade solvents
were purchased from Fisher Scientific (Pittsburgh, PA). EGCG, EC, ECG, EGC and black
tea extract (mixture of theaflavin, theaflavin-3-monogallate, theaflavin-3’-monogallate and
theaflavin-3,3’-digallate) were purchased from Sigma-Aldrich (St.Louis, MO), 4'-O-methyl
EGC (4'-MeEGC) and 4"-O-methyl EGCG (4"-MeEGCG) were purchased from Nacalai
USA Inc. (San Diego, CA) and theaflavin-3,3’-digallate and theaflavin-3-gallate from Wako
Chemicals USA (Richmond VI).

Tea polyphenol analysis in prostate tissue and urine

Total unconjugated tea polyphenols were analyzed in prostate tissue as previously described
[17]. 300 mg of fresh frozen prostate tissue was homogenized and treated with 1,000 units of
B-glucuronidase (G7896, Sigma Chemicals, St Louis, MO) and 40 units of sulfatase

(S-9754, Sigma Chemicals) at 37°C for 45 min. Solid phase extraction (SPE) was performed
using preconditioned HLB cartridges (Waters Corporation, Milford, MA) and tea
polyphenols quantified by HPLC-CoulArray electrochemical detection (ESA, Chelmsford,
MA\) as previously described [18]. The detection limit was 0.2 pmol/g tissue. The method
for urinary total tea polyphenol detection was described previously and used with minor
modifications [17]. The prostate tissue samples used for polyphenol measurements were not
analyzed for the presence of malignancy.

Urine 8-hydroxydeoxyguanosine (80OHdG)

Urinary concentration of 80OHdG was analyzed using HPLC with coularray electrochemical
detection as previously published [19]. Briefly, 8OHdG was extracted from 1 ml urine with
the Oasis-HLB 3 cc (60 mg) cartridge (Waters Corporation) following the manufacturer’s
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instructions. The eluents were dried under ultra-pure N2 stream and reconstituted in buffer
(10 mM ammonium acetate in 2% MeOH, pH 4.3) for analysis with the same HPLC-ECD
system.

Immunohistochemical Analysis

Paraffin embedded tumor tissue was selected that matched the patient’s radical
prostatectomy Gleason grade and had the largest tumor area. One section was stained with
H&E and tumor areas were identified and circled by the pathologist (J.W.S.). Additional
sections were probed with primary antibodies against the following biomarkers (nuclear
Ki67, cytoplasmic Bcl-2 and Bax; nuclear and cytoplasmic NFkB p65 and nuclear 8OHdG)
as previously described [20]. Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 10 min. Heat-induced antigen retrieval (HIER) was
carried out for all sections in 0.01M sodium citrate buffer, pH = 6.00 (for Ki67, NFxB) or
0.001M EDTA, pH = 8.00 (for Bcl-2) or 0.05 Tris, pH = 9.00 (for Bax) using either a
vegetable steamer at 95°C for 25 min or pressure cooker at 115°C for 2—-3 min. Proteolytic
enzyme induced epitope retrieval (PIER) was used for 80OHdG, using proteinase K at 37°C
for 10 min. Mouse monoclonal antibodies to Ki67, Bcl-2 (DakoCytomation, Carpinteria,
USA), NFxB p65, Bax (Santa Cruz Biotechnology, Santa Cruz, USA) and 80HdG from
Oxis International, Foster city, CA, USA) were applied at a dilution of 1:100, 1:100, 1:100,
1:20 and 1:50 respectively for 45 min (Bcl-2), or 1 hour (Ki67) or 2 hour (80OHdG) at room
temperature or overnight (Bax, NFxB p65) at 4°C. The signal was detected using the mouse
DAKO horseradish peroxidase EnVision kit (DAKO) or Mach2 mouse HRP polymer
(Biocare Medical) for Ki67 and visualized with the diaminobenzidine reaction. The sections
were counterstained with hematoxylin. For measurements of apoptosis, the ApopTag® Plus
Peroxidase In Situ Apoptosis Kit was used, which is based on the TUNEL (terminal
deoxynucleotidy! transferase-mediated dUTP nick end labeling) reaction (Millipore,
Temecula, CA, USA). Slides were digitally scanned using the Ariol SL-50 high-throughput
scanning system (Applied Imaging, San Jose, CA). Five 20x fields of the cancerous glands
within the area of representative adenocarcinoma were analyzed to quantify the amount of
positive staining in epithelial cells.

Statistical analyses

A sample size of 60 subjects per group was calculated to provide 88% power to detect a
57% difference in urinary 80OHdG between the GT intervention and control groups. This
power calculation was based on a published green tea intervention trial that reported
significant changes in urinary 80OHdG concentrations [19] since no prostate tissue data from
comparable trials was available.

Primary Analysis

After over one third of the study participants (n= 74 patients) completed the trial, we
conducted an unplanned interim conditional power analysis which demonstrated that with
completion of enrollment to the trial, there was a negligible chance (maximum power = 4%)
of finding a significant difference in urinary 80OHdG (original outcome marker for power
calculation) and tissue bcl-2 between the BT and the control group. Therefore the BT group
was closed to recruitment at 26 subjects. After approximately 2/3 of participants completed
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the trial (n=113), a second interim analysis was performed. There were significant
differences in urinary 80OHdG and tissue NFkB staining between the GT and control group.
The trial was terminated at this point due to lack of funding resources and the final analyses
were carried out.

Final Analysis

Results

Comparisons of baseline clinical and demographic variables between GT, BT, and controls
was conducted using the ANOVA or Kruskal-Wallis tests for continuous variables and
Fisher's exact test or chi-square tests for categorical variables. Outcomes were either
evaluated at surgery (tumor-immunostaining), or as changes from baseline to surgery (serum
and urinary markers). Distributions for each study measure were plotted and evaluated for
normality. If a statistically significant overall group effect was found, follow-up analysis
was performed using pairwise t-tests or the Mann Whitney U tests to investigate which pairs
of groups were significantly different.

To assess intervention effects on serum PSA and urinary 80OHdAG we utilized analysis of
variance (ANOVA) to compare changes in these measures from baseline to the post
intervention assessment. The proportions of participants with polyphenols and their methyl-
metabolites in urine or prostate at the end of the intervention were compared between GT vs
control and BT vs control using the Fisher’s exact test. The study had multiple primary
endpoints and we assessed the potential for finding false positives using the false discovery
rate (g-values). To control for multiple testing, the false discovery rate for the overall set of
hypotheses for the 7 outcomes (80HdG, Ki67, Tunel, BCL2, BAX, NFkB cytoplasmic and
NFkB nuclear) was computed. The rate was estimated using the bootstrap method in the Q-
values package in R 3.0.2 (Vienna, Austria, www.R-project.org). Data management,
variable transformations, and other statistical analyses were conducted using SAS 9.2
(Statistical Analysis System, Cary, NC, 2008). P-values <0.05 were considered statistically
significant.

Clinical characteristics and compliance

113 men were enrolled and 93 completed the intervention (Control: 33, GT: 34, BT: 26).
Four participants in the water group withdrew early: three for personal reasons and one due
to surgery cancellation. Nine participants from the GT group withdrew for the following
reasons: caffeine reactions (2), surgery postponed (2), unrelated death (1), tea volume too
large (3), and stomach distress (1). Seven participants from the BT group withdrew for the
following reasons: personal reasons (3), surgery cancelled (2), and caffeine reactions (2). At
baseline there were no significant differences in demographics and clinical characteristics
between the GT, BT and control groups in regards to age, body composition, race, ethnicity,
mean biopsy Gleason score and baseline PSA levels (Table 1). The mean duration of the
intervention in the GT, BT and the control group was 33, 31 and 29 days, respectively, with
an average compliance of 95, 92 and 93% for the GT, BT and water control groups as
calculated from the diary entries. There were no serious adverse events related to the

Prostate. Author manuscript; available in PMC 2016 April 01.


http://www.R-project.org

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Henning et al. Page 7

interventions, and there was no liver toxicity as measured by pre vs. post-intervention serum
levels of alkaline phosphatase, alanine aminotransferase, and aspartate aminotransferase.

Proliferation, apoptosis, NFkB and oxidation

There were no significant differences in RP staining for proliferation (Ki67), apoptosis
(TUNEL, Bcl-2, Bax) or oxidative DNA damage (80hdG) comparing GT and BT to control
(Figure 1). Nuclear NFxB staining in malignant prostate tissue from men in the GT group
(p=0.013) was significantly lower compared to control whereas there was no significant
difference when comparing BT (p=0.931) to control (Figure 1). Representative
photomicrographs of the immunohistochemical staining are shown in Figure 2. When
accounting for multiple variables in the primary endpoint, the probability of a false positive
result (false discovery rate) was 10.8%.

GT and BT polyphenol analysis in prostate tissue and urine

EGCG was the most abundant polyphenol in the brewed GT preparations used in this
clinical trial. Although the total phenolic content of brewed BT measured as gallic acid
equivalent (662+6 mg GAE) was 77% of the total phenolic content of GT (855+12 mg
GAE), the content of monomeric tea polyphenols was significantly lower in brewed BT
compared to GT. Brewed BT, however, contained theaflavin and 20-fold higher
concentration of gallic acid compared to GT. In addition BT contains thearubigins which
were not analyzed due to the lack of commercial standards. Among participants consuming
GT, tea polyphenols were found in 32 out of 34 prostate tissue specimens, but with
considerable individual variation in the concentrations (Table 2). An average of 48% of total
EGCG was found in methylated form (4"-MeEGCG) in the prostate of subjects in the GT
group (Table 2). No tea polyphenols were detected in prostate tissue from the BT or control
group. EGC, EC and methyl EGC were found in early morning urine through the course of
the study in all participants in the GT group and in significantly lower concentrations in the
BT group (Table 2). No polyphenols were found in urine from the control group or in
baseline urine specimens from all 3 groups. In the post-intervention urine samples 47% and
30% of EGC was found in methylated forms after GT and BT intervention, respectively
(Table 2). No BT theaflavins were found in either prostate tissue or urine from men
consuming the BT (Table 2).

Urinary oxidative DNA damage

There was a significant decrease (pre vs. post-intervention) in urinary 80HdG in men in the
GT (—19.4+13%) group compared to control group, whereas there was no change in the BT
group (=3.1+6.3%) relative to control (+23.6+19%) (Figure 3).

Serum prostate-specific antigen

There was a small but statistically significant decrease in serum PSA levels in the GT group
compared to the control group whereas this was not the case when comparing the BT and
control group (Table 3).
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Discussion

The rationale for selecting the primary endpoint was based on various mouse studies
demonstrating a decrease in proliferation and NFKB expression, decrease in urinary DNA
oxidation and increase in apoptosis through decreased concentration of Bcl-2 and increased
concentration of Bax protein expression in mice treated with green tea [7,21,22]. In addition
it has been shown that NFKkB and Bcl-2 are overexpressed in human malignancies [23]. The
major finding from the RP tissue staining experiments was a significant decrease in nuclear
NFKB staining in RP tissue from men consuming GT compared to water, whereas this was
not the case in the BT group. In addition we found no significant change in malignant
prostate tissue proliferation, apoptosis and oxidation in either the GT or BT groups relative
to control.

The transcription factor NFkB, has an important role mediating inflammatory processes and
is involved in regulating proliferation and apoptosis [24]. NFKB has been shown to be
constitutively activated in numerous cancers [25-28]. NFkB is located in the cytoplasm
bound to the inhibitor IxB. Upon activation, 1B is released and degraded by the proteasome
and NFkB relocates to the nucleus to induce gene expression. Nuclear localization of NFxB
has been suggested as a prognostic marker of prostate cancer progression [29]. In preclinical
studies, green tea polyphenols were found to decrease NF«xB activity either by deactivating
IKkinase (IKK) or by inhibiting the proteasome [7,21]. In the present trial GT consumption
led to a significant decrease in nuclear immunostaining of NF«xB in RP tissue compared to
water control, which may potentially decrease proinflammatory cytokines such as IL-6 or
TNF-a [24]. NFKB is also involved in the regulation of apoptosis, and in mouse studies
green tea intake increased tumor apoptosis [30]. This may be due to higher green tea dosing
leading to a two- fold higher EGCG and 4”-MeEGCG concentration in mouse xenograft
tumors compared to the human prostate tissue in the present study [30]. Higher green tea
dosing or longer exposure in humans may be found to increase apoptosis in future trials.

The consumption of six cups of BT was not associated with any significant effect on
inflammation, proliferation, apoptosis, or oxidation. In line with our findings are several
prospective cohort studies evaluating the association of BT consumption to prostate cancer
risk and showing inconclusive results [31-33]. Two studies found an increase in prostate
cancer risk with highest versus none/lowest intake of BT [31,32] and one study found a
decrease in prostate cancer risk associated with BT consumption [33].

Chronic inflammation is associated with oxidative stress and the generation of reactive
oxygen species (ROS), which may contribute to prostate carcinogenesis [34]. ROS are
integral components of cell signaling pathways and have been shown to regulate cell
transformation, survival, proliferation, invasion, angiogenesis, and metastasis [35,36]. ROS
at low levels stimulate prostate cancer cell proliferation, but in higher amounts lead to cell
cycle arrest and tumor cell death as observed with anticancer medications and radiation
therapy known to markedly increase oxidant damage [36]. GT polyphenols are commonly
known for their antioxidant activity. However, as an active redox compound under certain
circumstances they also exhibit pro-oxidant activity [37]. Little is known as to whether GT
polyphenols act as pro- or antioxidants in human tissue [20,37]. In the present study, we did
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not observe any significant change in oxidative DNA damage measured in RP tissue by
immunohistochemistry. However the urinary concentration of 8B0OHdG, a marker of systemic
oxidative DNA damage [38], was significantly decreased in urine from men drinking GT
compared to control. Other studies also demonstrated a decrease in urinary 80OHdG
associated with consumption of GT extracts [19,39] but none of the previous clinical GT
studies examined tissue 8OHdG. It may be that other antioxidant defenses including
enzymes in the antioxidant network are upregulated (e.g. superoxide dismutase) so that the
impact of GT on oxidation in tumor tissue is difficult to detect [40].

In 32 out of 34 men daily consumption of 6 cups of GT led to detectable levels of EGCG,
4"-MeEGCG and ECG in prostate tissue. Nguyen et al. also analyzed tea polyphenols in RP
tissue after consumption of 4 capsules daily of Polyphenon E (800 mg EGCG) and found
EGCG and 4"-MeEGCG in the prostate of one participant only, and ECG in 5 out of 15
participants [11]. Higher prostate tissue uptake in the present trial may be due to
consumption of the brewed GT throughout the day, the composition of tea polyphenols in
the brewed GT, or possibly due to other components in brewed GT not present in the
Polyphenon E capsule.

In men consuming BT no polyphenols or theaflavins were detectable in the prostate tissue,
and significantly lower concentrations of EGC, EC and 4'-MeEGC were found in urine
compared to men consuming GT. The presence of tea polyphenols in tissue depends on the
composition of the tea or GT supplement since in a previous study tea polyphenols were
found in the prostate tissue of men consuming a different brewed BT (Darjeeling), which
contained higher levels of the EGCG, ECG and EGC than the BT (English Breakfast) used
in the present trial [41].

One limitation of the present trial was that it was not blinded. Due to the varying flavors of
brewed tea it was not possible to use a blinded trial design. One potential benefit of the
intervention in the present trial was that subjects consumed the six cups of brewed tea
throughout the day. This may be the reason that in the present trial GT polyphenols were
found in prostate tissue in 94% of participants in the GT group compared to 30% in another
clinical trial in which GT extract was given once per day [11]. It remains to be determined if
green tea extracts or Polyphenon E consumed in multiple small doses throughout the day
will result in improved prostate tissue polyphenol levels. Statistical limitations of the study
are that the study design was revised during the trial with the BT intervention group
discontinued due to the conditional power calculation showing futility for the BT group.
Further, the study was exploratory in nature and therefore had multiple endpoints and the
overall false discovery rate was 10.8%.

In summary, daily consumption of six cups of brewed GT resulted in uptake of tea
polyphenols in the prostate gland, a significant decrease in nuclear NFxB, and a decrease in
systemic antioxidant activity as measured by urinary 80OHdG. Given the GT-induced
changes in nuclear staining of NFKkB and oxidation in this exploratory study, future studies
are warranted examining the role of GT for prostate cancer prevention and treatment and
possibly for other prostate conditions such as prostatitis.
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Figure 1.
Immunostaining of A) Ki67, TUNEL and 80OHdG; B) Bcl-2 and Bax; C) nuclear and

cytoplasmic NFkB in radical prostatectomy malignant epithelium from men consuming GT
(29), BT (24) or water (30); meanzstd; * p<0.05.
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Figure 2.
Photomicrographs of immunohistochemical staining for A) cytoplasmic Bcl-2, B)

cytoplasmic Bax, C) nuclear NFxB, D) nuclear 8OHdG, E) nuclear Ki67 and F) TUNEL in
radical prostatectomy malignant epithelium (20x magnification).
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Table 1

Baseline characteristics of study population (meanzstd).

Gleason Biopsy

Water@ GT BT p-value
N 33 34 26
Age 62.8+6.2 62.1+6.9 61.4x7.4 0.93
Weight (kg) 86.6+14.3 85.7+122 89.9+134  0.47
Height (cm) 175+22 176+21 175+22 0.98
BMI (kg/m?) 27.4+4.9 27.2+3.8 27.4x3.6 0.98
Intervention (days) 2947.9 33423 31+10 0.60
Compliance (%) 93+12 95+10 92+13 0.75
Biopsy Gleason Score (%)
6 14 (42) 18 (53) 13 (50) 0.74
7 (3+4) 15 (45) 11 (32) 9 (35)
7 (4+3) 3(9) 3(9) 2(8)
=8 1(3) 2 (6) 2(8)
Race/Ethnicity (%) 0.14
Asian 0 (0) 1(3) 3(12)
Black 6 (18) 5 (15) 6 (23)
Hispanic 3(9) 1(3) 4 (15)
White 23 (70) 27 (80) 13 (50)
Other 1(3) 0(0) 0(0)
Serum PSA (ng/mL) 9.948.5 9.6+5.2 9.2+4.3 0.93

agreen tea (GT), black tea (BT), body mass index (BMI), prostate-specific antigen (PSA)
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Page 17

Concentration of tea polyphenols and methyl-metabolites in prostate tissue and urine collected before and after
the consumption of GT and BT.

Prostate Tissue Concentration (pmol/g tissue)*t"jl

Water GT BT

EGCG : 16.7+12.7" ¥
ECG ¥ 76+51" ¥
4"-MeEGCG 1 158+10.1% ¥
Theaflavin t t t

Urine Concentration (umol/g creatinine)*a’b

GT-Pre GT-Post BT-Pre BT-Post
EGC ¥ 9.2+16" ¥ 04+04"
EC s 48+61" ¥ 03+03"
4-MeEGC S 8.0+ 18" * 02+03"
Theaflavins t t t t

*
Compared with the control group, p< 0.01. N= 34 (GT), 26 (BT), 33 (control), mean = std.

iBelow detection limit.

&

b - .
Polyphenols were not detected in urine after water consumption.
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—)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin-3-gallate (ECG), (-)-epigallocatechin (EGC), (-)-epicatechin (EC), 4'-O-methylEGC (4'-
MeEGC), 4"-O-methylEGCG (4"-O-methylEGCG).
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Table 3

Prostate specific antigen concentrations in serum collected from men consuming GT, BT or water control
collected at baseline and on the morning of radical prostatectomy (post-intervention).

Serum PSA (ng/mL)2

Water GT BT

PSA baseline 9.9+85  9.6+52 9.244.3
PSA post-intervention  10.0£9.0 g 4443* 9.626.0

*
PSA changes from pre to post were compared between the 3 groups using Analysis of Variance with pairwise contrasts, p< 0.05.

Data are presented as mean + std; N=30 (control), 30 (GT) and 23 (BT).

agreen tea (GT), black tea (BT), prostate specific antigen (PSA)
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