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Abstract
Experimental data support potential anti-tumor effects of green tea in breast cancer, yet limited data exists in human
intervention trials. We conducted a phase 0 single-arm trial in women with newly diagnosed operable breast cancer given
an oral green tea extract, Polyphenon E (Poly E), 800mg daily for at least 2 weeks prior to surgical resection. Among Poly
E-treated cases and matched historical controls, changes in tumor protein expression from the diagnostic core biopsy (pretreatment) and surgical resection (post-treatment) were analyzed by immunohistochemistry (IHC) for Ki67 proliferation
index, estrogen receptor (ER), progesterone receptor (PR), HER2, and reverse phase protein array (RPPA). From February
2008 to September 2009, 27 women were enrolled and 21 were evaluable. Median duration on Poly E was 20days (range,
13-36 days). We demonstrated significant correlations between IHC and RPPA for Ki67 (p<0.0001), ER (p=0.0017), and
PR (p=0.0014). Poly E treatment did not cause a significant decrease in Ki67 compared to untreated controls (mean absolute change, -0.5% vs. +2.6%; p=0.83). The Poly E-treated group showed a significant change from baseline in PI3K/AKT
pathway proteins, HSP90 clients, and Src/STAT activity. Compared to untreated controls, the Poly E group had significant
down-regulation of PRAS40-pT246, MIG-6, and Src-pY416 and up-regulation of Notch1. Short-term administration of
Poly E did not significantly decrease proliferation in breast tumor tissue; however, our RPPA data suggests that Poly E
may act on alternative pathways. This is the first human intervention trial to demonstrate the biologic effects of Poly E on
growth factor signaling in breast cancer.
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Introduction
Breast cancer chemoprevention with anti-estrogens has been
shown to reduce the incidence of estrogen receptor (ER)-positive

tumors [1, 2], however, we have yet to identify effective chemopreventive agents for ER-negative tumors. A growing body of
evidence suggests a potential chemopreventive effect of green
tea in breast cancer. A recent meta-analysis, encompassing 5,617
breast cancer cases, reported an inverse association between green
tea consumption and breast cancer incidence and risk of recurrence [3]. Experimental data have demonstrated the anti-cancer
effects of the main component of green tea, epigallocatechin3-gallate (EGCG) [4]. In preclinical studies, the anti-tumor effects
of EGCG on breast cancer cells were independent of ER status
[5]. Proposed mechanisms of action of EGCG include downregulation of key cell signaling pathways in breast carcinogenesis,
such as the PI3K/AKT pathway [6, 7]. However, there is limited
data on the target tissue effects of tea polyphenols in breast cancer from human intervention trials.
Polyphenon E (Poly E) is a well-defined pharmaceutical-grade
decaffeinated green tea polyphenolic mixture, including ~65%
EGCG [8]. Each capsule contains 200mg of EGCG, which is
equivalent to 2-3 cups of brewed green tea. In a phase I pharmacokinetic trial of Poly E 800mg daily (equivalent to 8-12 cups of
green tea) given as a 4-week administration in healthy individuals,
a >60% increase in systemic levels of free EGCG was observed
[9]. In human intervention trials, oral green tea polyphenols demonstrated chemo preventive activity in oral precancerous lesions
[10], cervical lesions [11], high-grade prostatic intraepithelial neoplasia [12], colorectal adenomas [13], and Barrett’s esophagus [14].
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The high costs of large-scale chemoprevention studies have
prompted the need for novel clinical trial designs, which use surrogate endpoints in lieu of cancer incidence in order to more
rapidly screen promising chemopreventive agents. The phase 0
presurgical study design, in which patients with newly diagnosed
operable cancer are given a short-term drug intervention prior to
surgical resection, has been used for the early assessment of drugs
for breast cancer treatment and prevention [15]. Advantages of
this trial design include the lack of extra invasive procedures for
tissue collection and the high yield from the directed core breast
biopsies and surgical resections. Early changes in the proliferation marker, Ki67, within 2 weeks of treatment serves as a pharmacodynamic marker, which has been associated with long-term
clinical outcomes [15, 16]. We conducted a single-arm open-label
trial of Poly E 800mg daily given for at least 2 weeks in 27 women
with newly diagnosed operable breast cancer prior to surgery to
measure tissue biomarker changes from the pre-treatment core
breast biopsy to the post-treatment tumor resection.

Materials and Methods
Study Population
Twenty-seven women were enrolled at two sites: Columbia University Medical Center (CUMC) in New York, NY, and Louisiana
State University Health Sciences Center (LSUHSC) in Shreveport,
LA. Patients eligible for the trial were women, age 18 years or older, with histologically-confirmed invasive or non-invasive primary
breast cancer on core breast biopsy and scheduled for surgical resection a minimum of 2 weeks after enrollment. Other inclusion
criteria included an Eastern Cooperative Group (ECOG) performance status of 0 or 1 and normal hepatic and renal function.
Patients were excluded if they had prior chemotherapy or hormonal therapy for breast cancer. Patients with a history of gastrointestinal bleeding, those who reported consumption of green
tea within 1 week of breast biopsy or an allergy or intolerance to
green tea were also not eligible. The study was approved by the
institutional review board (IRB) at CUMC and LSUHSC prior to
initiating enrollment. Participants provided signed informed consent in English or Spanish.
Study Design and Intervention
We conducted a multi-center, phase 0, single-arm, open-label trial
of presurgical administration of an oral green tea extract, Poly
E, 800mg (4 capsules) daily for at least 2 weeks prior to breast
surgery. Poly E (Polyphenon E International, Inc., New York,
NY) is a purified tea fraction containing 80-98% total catechins
by weight, with the main component being ~65% EGCG. Poly E
contains other catechins present at levels of 12% or below including epicatechin, epigallocatechin, epicatechingallate, and gallocatechingallate, as well as <2% caffeine. Patients were instructed to
take Poly E 4 capsules (800mg of EGCG) daily in the morning
within 1 hour of a substantial meal and to continue until the day
prior to breast surgery. The duration of drug administration varied between patients based upon their surgical schedule, median
of 20 days (range, 13-36 days). The study drug was provided by
the National Cancer Institute, Division of Cancer Prevention under an IND.
Safety and toxicity were assessed by monitoring clinical and laboratory parameters at baseline and the end of treatment. Adverse

events were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI CTCAE), version 3.0. Safety was monitored by serum chemistries,
hepatic panel, amylase and lipase. Study drug adherence was assessed by pill diaries and pill counts. Compliance was defined as
taking at least 75% of the daily medications.
The primary study objective was to determine the tissue biomarker effects of Poly E. Tumor tissue biomarker changes from Poly
E-treated cases were compared to archived tumor tissue from untreated historical controls matched 1:1 by age at diagnosis (±5
years), breast cancer stage, tumor hormone receptor and HER2
status, and time interval between breast biopsy and surgery (±7
days) from the Tumor Bank at CUMC. Pathologic characteristics
including histologic type, grade, lymphovascular invasion, tumor
size, nodal status, ER, progesterone receptor (PR), and HER2
expression were assessed according to standard guidelines [17]
and obtained from pathology reports. Although a randomized
placebo control group would have been ideal, this matched historical control group, which did not receive Poly E, provided a
convenient reference group for biomarker comparisons with the
Poly E-treated group.
Biomarker Assays
Formalin-fixed paraffin-embedded (FFPE) tumor tissue from the
pre-treatment diagnostic core biopsy and post-treatment surgical
resection were prepared for analysis of Ki67 by immunohistochemistry (IHC) at the Molecular Pathology Shared Resource at
CUMC. Tissue samples for the Poly E group and matched historical controls were processed in a similar fashion, as per routine clinical care. In brief, 4-µm sections cut from the FFPE tumor blocks
were placed on positively charged slides, which following deparaffinization, were subjected to heat-induced epitope retrieval with
proprietary buffer at pH 6.0 (Trilogy), and immunostained using
an automated immunostainer (DAKO, Carpinteria, CA) with the
MIB-1 monoclonal antibody (1:200 dilution; DAKO, Carpinteria, CA) with known positive and negative controls. Ki67 proliferation index was expressed as percentage of positively staining cells among at least 500 neoplastic cells in randomly selected,
high-power (x40) fields at the periphery of the tumor [18]. Ki67
score was determined by manual count (percentage of nuclear
immunoreactivity of any intensity) by a single pathologist (HH),
blinded to case-control status and pre/post-treatment status.
Reverse phase protein array (RPPA) was performed at the M.D.
Anderson Cancer Center Functional Proteomics RPPA Core
Facility [19, 20]. Protein extracts from FFPE tumor blocks (ten
4-μm untreated slides) were prepared from appropriately isolated
regions (>70% tumor cells, as determined by an experienced pathologist [HH]). Following deparaffinization, at least 30-40 μg of
protein per sample was extracted using an extraction buffer of
20 mMTris HCl buffer at pH 9, with 2%(w/v)SDS [21]. RPPA
was conducted using a total of 161 antibodies (www.mdanderson.org/education-and-research/resources-for-professionals/
scientific-resources/core-facilities-and-services/functional-proteomics-rppa-core/index.html), including markers of proliferation (PCNA) and apoptosis (e.g., cleaved caspase-3), as well as
antibodies against EGFR, HER2, c-MET, IGF-1R, PI3K, PTEN,
AKT, mTOR, and their phosphorylated isoforms. These antibodies have been fully validated by direct correlation between
RPPA and Western blotting results. Specifically, tumor lysates
were diluted in five 2-fold serial dilutions across multiple arrays

Crew KD et al., (2015) Evaluating Effects of an Oral Green Tea Extract, Polyphenon E, on Tissue Biomarkers, Using Reverse Phase Protein Array in Women with Operable Breast Cancer. Int J
Food Sci Nutr Diet. 04(2), 190-196
191

http://scidoc.org/ijfs.php

and arrayed on nitrocellulose-coated slides (Whatman, Schleicher
& Schuell BioScience, Inc., Keene, NH). Samples were probed
with validated primary antibodies and biotin-conjugated secondary antibodies and visualized by DAB colorimetric reaction [21].
Slides were scanned and quantified for raw signal intensities by
using MicroVigene automated RPPA software (VigeneTech, Inc.,
North Billerica, MA) [19]. Dilution curves were fitted to the logistic model “Supercurve Fitting” (http://bioinformatics.mdanderson.org/OOMPA). Relative protein levels for each sample were
derived from the supercurve for each lysate by curve-fitting, were
normalized for protein loading [22], and the log2-scaled protein
concentrations were normalized by global sample median normalization [23].
Statistical Analysis
The primary endpoint was change in Ki67 tumor expression
before and after treatment with Poly E compared to untreated
controls. Ki67 was log-transformed (lnKi67), as per recommendations from the International Ki67 in Breast Cancer Working
Group [18]. Assuming a 7% unevaluable rate, 50 of the 54 patients (27 Poly E-treated cases and 27 untreated historical controls) will be evaluable, giving us greater than 80% power to detect
a 30% decrease in lnKi67 from baseline, based upon a previously
published presurgical study [16]. Patients were considered evaluable if they had sufficient pre/post-treatment tumor tissue for
biomarker analysis.
Summary descriptive statistics and frequency distributions were

used to describe the baseline characteristics of the Poly E-treated group and all biomarkers in the Poly E-treated and untreated
groups. The RPPA spot signal intensity data from MicroVigene
(VigeneTech, Inc.) was processed by the R package SuperCurve
(version 1.01) [24]. Since the distribution of the original expression of the RPPA data was skewed, all statistical analyses were
based on the log2 transformation of the original data [25]. Correlations between IHC and RPPA for ER, PR, HER2, and proliferation index were analyzed with Pearson correlation coefficient.
Means and SDs were generated for all tissue biomarkers. Paired
t-tests were used to evaluate within-group biomarker changes
and two-sample t-tests to assess between-group differences. All
tests were two-sided at p=0.05 significance level. We also applied
Bonferroni correction to adjust for multiple comparisons for the
161 RPPA markers using a conservative p-value of 0.0003. SAS
software version 9.2 was used for all analyses (SAS Institute, Cary,
NC).

Results
From February 2008 to September 2009, 27 women were enrolled
and 21 were evaluable with sufficient pre/post-treatment tumor
tissue for biomarker analyses. Unevaluable patients either had no
residual tumor at the time of surgery or we were unable to retrieve
the patient’s pretreatment core breast biopsy from an outside hospital. Baseline patient and tumor characteristics for the evaluable
participants are summarized in Table 1. The median age was 49
years (range, 33-71). The majority was premenopausal (57%), Hispanic (62%), and had a body mass index (BMI) of 25 kg/m2 or

Table 1. Participant characteristics of Polyphenon E-treated group.
Characteristics
Total (n = 21)
Median age, years (range)
49 (33-71)
Menopausal status, n (%)
Premenopausal
12 (57)
Postmenopausal
9 (43)
Race, n (%)
White
7 (33)
Hispanic
13 (62)
Black
1 (5)
Body mass index, n (%)
7 (33)
< 25 kg/m2
6 (29)
25-30 kg/m2
8 (38)
> 30 kg/m2
Stage, n (%)
0
3 (14)
I
12 (57)
II
4 (19)
III
2 (10)
Breast cancer subtype, n (%)
HR+ ductal carcinoma in situ
2 (9)
HR- ductal carcinoma in situ
1 (5)
HR+ HER2- invasive breast cancer
16 (76)
HR- HER2+ invasive breast cancer
1 (5)
Triple negative invasive breast cancer
1 (5)
Median duration on Poly E, days (range)

20 (13-36)

Abbreviations: HR+, hormone receptor positive (estrogen receptor (ER)+ and/or progesterone receptor (PR)+); HR-, hormone
receptor negative (ER- and PR-); HER2, human epidermal growth factor receptor 2; triple negative (ER-, PR-, and HER2-)
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greater (67%). Over half were diagnosed with stage I disease and
three-quarters had hormone receptor-positive, HER2-negative
invasive breast cancer. The median duration from diagnostic core
biopsy to enrollment was 23 days (range, 11-64 days) and median
duration on Poly E treatment was 20 days (range, 13-36 days).
Compliance by pill count was 89% and Poly E was well-tolerated
with no grade 2 or higher toxicities. The main grade 1 toxicities
included headache (n=4), dizziness (n=3), and fatigue (n=3).
Mean absolute Ki67 tumor expression by IHC at baseline for the
Poly E-treated group and untreated group were 26% (SD 24) and
19% (SD 25), respectively. Overall, Poly E did not significantly
change Ki67 proliferation index compared to untreated controls
– mean absolute change in Ki67 of -0.5% vs. +2.6%, respectively
(p=0.83) and mean proportional change of lnKi67 of +1.1% vs.
+3.6%, respectively (p=0.77). Next, we compared protein expression by IHC to RPPA for specific markers. There were significant
correlations between IHC and RPPA for proliferation (correlation coefficient r=0.46, p<0.0001), ER (r=0.45, p=0.0017), PR
(r=0.46, p=0.0014), and a trend for HER2 expression (r=0.28,
p=0.0923) (data not shown).
Among the 161 proteins evaluated, 54 demonstrated a significant
change from baseline in the Poly E-treated group (see supple-

mental Table), including components of the P13K/AKT, Src/
STAT, and apoptosis pathways, as well as HSP90 clients. When
we applied a Bonferroni correction (p<0.0003) to adjust for multiple comparisons (Table 2), two PI3K/AKT pathway proteins
(PRAS40-pT246, mTOR-pS2448), four HSP90 clients (HER2pY1248, CDK4, MEK1, MIG-6), and five Src/STAT activity proteins (Src-pY416, Src-pY527, p38-MAPK, MAPK-pT202-Y204,
JNK2) showed a significant change from baseline in the Poly Etreated group at the conservative p-value of <0.0003. The mean
change from baseline in protein expression varied from -3.9459 to
+0.4564 in the Poly E group. Significant biomarker changes also
occurred within the untreated control group, where mean change
from baseline ranged from -4.2374 to +0.9664.
Comparing the Poly E-treated and untreated groups, only 4 proteins varied significantly from baseline, as shown in Figure 1. In
the PI3K/AKT pathway, PRAS40-pT246 protein expression had
a mean absolute change from baseline for the Poly E and untreated control groups of -0.1400 vs. -0.3126, respectively (p=0.0279).
For the HSP90 clients, there was down-regulation of MIG-6
by nearly 4-fold in the Poly E group compared to the untreated
group (-0.3573 vs. -0.0702, p=0.0008). In the Src/STAT pathway,
there was significant down-regulation of Src-pY416 with Poly
E compared to no treatment, -0.3286 vs. -0.1792 (p=0.0428).

Table 2. Reverse phase protein array (RPPA)-generated protein expression in breast tumor tissue at baseline (pre-treatment) and at surgical resection (post-treatment) following the Polyphenon E (Poly E) intervention compared to untreated
controls (paired tumor samples from matched historical controls who did not receive Poly E). Includes all protein biomarkers which had a significant change from baseline (p<0.0003, based upon Bonferroni correction) in the Poly E-treated group
or had significant differences in change from baseline (p<0.05) between the Poly E-treated and untreated control groups.
Protein Biomarker

PRAS40-pT246
mTOR-pS2448
HER2-pY1248
CDK4
MEK1
MIG-6
Src-pY416
Src-pY527
p38-MAPK
MAPK-pT202Y204
JNK2

Poly E-treated group
Untreated control group
Mean protein Mean protein
P-value, Mean protein Mean protein
level at baselevel at surgical paired
level at base- level at surgical
linea (SD)
resectiona (SD) t-testb
linea (SD)
resectiona (SD)
PI3K/AKT pathway
0.7703 (0.0632) 0.6289 (0.0808) <.0001d 0.9351 (0.3472) 0.6112 (0.1109)
0.3077 (0.0500) 0.2303 (0.0392) 0.0002d 0.2832 (0.0708) 0.2320 (0.0585)
HSP90 Clients
0.7387 (0.1578) 0.5255 (0.0974) 0.0001d 0.5928 (0.1749) 0.4849 (0.1167)
0.7461 (0.4130) 0.2923 (0.1125) 0.0002d 0.6288 (0.4713) 0.3344 (0.1662)
0.3725 (0.1364) 0.5398 (0.1057) 0.0002d 0.4421 (0.1892) 0.5330 (0.1103)
0.7612 (0.3202) 0.4555 (0.1952) 0.0002d 0.5076 (0.1663) 0.4425 (0.0547)
Src/STAT Activity
0.9064 (0.2800) 0.5850 (0.1683) <.0001d 0.7035 (0.1354) 0.5139 (0.1302)
0.5755 (0.1500) 0.2376 (0.1069) <.0001d 0.5357 (0.3102) 0.2304 (0.1289)
0.5673 (0.0754) 0.6841 (0.0901) 0.0001d 0.6256 (0.1512) 0.6581 (0.0939)
0.3872 (0.1160) 0.2473 (0.0685) 0.0002d 0.3763 (0.1160) 0.2258 (0.0632)

P-value,
paired
t-testb

P-value,
2-sample
t-testc

0.0002d
0.0045

0.0279e
0.1463

0.0354
0.0220
0.0199
0.0652

0.0744
0.2006
0.1382
0.0008e

0.0007
0.0029
0.6116
0.0001d

0.0428e
0.5440
0.0529
0.7778

0.0282
0.2323
0.0003d 0.7379 (0.1993) 0.8513 (0.1573)
Other
Notch1
0.2776 (0.0351) 0.3053 (0.0392) 0.019
0.2872 (0.0378) 0.2780 (0.0382)
0.4094
0.0199e
a
Relative protein levels for each sample were derived from the supercurve for each lysate by curve-fitting, were normalized for protein
loading, and the log2-scaled protein concentrations were normalized by global sample median normalization.
b
Paired t-tests to evaluate within-group biomarker changes from baseline to surgical resection.
c
Two-sample t-tests to assess differences in biomarker changes between the Poly E-treated and untreated control groups.
d
Statistically significant after Bonferroni correction with a conservative p-value of <0.0003.
e
Statistically significant based upon p<0.05.
0.6852 (0.0953)

0.8562 (0.1304)
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Figure 1. Percent change from baseline in mean reverse phase protein array (RPPA)-generated expression of selected
proteins in the Polyphenon E-treated and untreated control groups.
20.00%
10.00%
0.00%
-10.00%

PRAS40-pT246

MIG-6

Src-pY416

Notch1

-20.00%
-30.00%
-40.00%
-50.00%
Poly E-treated group

Untreated control group

Abbreviations: PRAS40, proline-rich Akt substrate of 40 kDa; MIG-6, mitogen-inducible gene 6; Poly E, Polyphenon E; Src,
steroid receptor coactivator
There was also significant up-regulation of Notch1 with Poly E
compared to a slight decrease in untreated controls (+0.0300 vs
-0.0095, p=0.0199). When we applied Bonferroni correction with
a conservative p-value of <0.0003, none of the changes in RPPA
markers were statistically significant comparing the Poly E and
untreated groups. The changes in protein expression of Notch1
in the Poly E-treated group were significant at p<0.05, but not
after Bonferroni correction. Although limited by the small sample size, no significant differences in biomarker effects were seen
when the groups were stratified by menopausal status, Hispanic
ethnicity, or BMI (data not shown).

Discussion
Overall, we did not observe a significant decrease in Ki67 tumor
expression with short-term presurgical administration of the oral
green tea extract, Poly E, in women with operable breast cancer.
However, we did demonstrate significant modulation of 4 proteins in breast tumors as measured by RPPA with Poly E treatment compared to untreated controls, including down-regulation
of PRAS40-pT246, Src-pY416, and MIG-6, and up-regulation of
Notch1. This suggests that green tea compounds may act on
alternative pathways in breast carcinogenesis.
Ki67 tumor expression as measured by IHC is a well-validated biomarker of clinical efficacy in phase 0 presurgical trials. Dowsett
et al. studied changes in Ki67 in breast tumors as a pharmacodynamic biomarker of treatment response to tamoxifen and anastrozole in the preoperative setting, with short-term changes correlating with recurrence-free survival among women who continued
these hormonal agents in the adjuvant setting [26]. However, the
effects of short-term administration of non-hormonal agents in
the presurgical setting are less clear [27, 28]. In our study, Poly
E did not significantly alter breast cancer proliferation, as measured by IHC or RPPA. Potential explanations for these findings
include the lack of sufficient power to detect smaller effect sizes,
the need for a longer drug intervention, or effects on alternative
pathways not related to proliferation.
These negative Ki67 results are consistent with a randomized
controlled trial of presurgical administration of Poly E 800mg

daily for 3-6 weeks in 50 men undergoing radical prostatectomy
for early stage prostate cancer [29]. The authors noted low to undetectable levels of green tea polyphenols in prostate tissue as
a potential explanation for the non-significant results. However,
two prostate cancer trials involving consumption of up to 6 cups
of green tea daily in the presurgical setting demonstrated bioavailable levels of EGCG and other tea polyphenols in prostate tissue
[30, 31].
We explored the effects of Poly E on growth factor signaling pathways relevant to breast cancer development. RPPA is a promising
new technology that allows quantitative and simultaneous analysis of many components of a network. Furthermore, measuring
protein levels, including post-translational modifications such as
phosphorylation, is more representative of changes in pathway
activity than measuring DNA or RNA levels [32]. Importantly,
RPPA has been validated in protein extracted from FFPE tissue,
requires only limited amounts of clinical material, and is ideal for
measuring low abundance phosphorylated isoforms [21, 32-34].
We demonstrated significant correlation between tumor proliferation, ER, and PR expression by IHC and RPPA. In contrast to
another study which showed high concordance between protein
expression in core biopsies and surgical specimens [35], we observed significant changes in RPPA markers in the untreated control group. This may be due to an artifact of differences in tissue
processing, such as fixation time. Of note, the tumor tissue from
the Poly E-treated and control groups was processed in a similar
fashion based upon standard clinical practice, therefore, the historical controls provide a useful reference group.
In breast cancer, EGCG has been shown to target transmembrane growth factor receptors, such as EGFR, HER2, c-MET,
and IGF-1R with subsequent inhibition of downstream signaling
pathways, such as the PI3K/AKT pathway. A number of studies have demonstrated the inhibitory effects of EGCG on the
EGFR signaling pathway [36- 38]. EGCG also dose-dependently
inhibited the growth of HER2/neu over-expressing breast cancer
cell lines leading to a decrease in PI3K/AKT activity [39]. Li et
al. identified IGF-1R as a high-affinity EGCG binding protein
both in vitro and in vivo, with downstream inhibition of AKT
activation [40]. Cardelli et al. demonstrated that treatment of the
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ER-negative breast cancer cell line, MDA-MB-231, and immortalized, nontumorigenic MCF10A cells with EGCG concentrations
as low as 0.3μM (a level similar to that obtained by 400-800mg
of EGCG in humans) completely blocked c-MET signaling and
subsequent phosphorylation of AKT [6]. Molecular alterations
in the PI3K/AKT pathway are considered the most frequent in
breast cancer, encompassing over 30% of invasive tumors [41].
Increased PI3K activity leads to activation of downstream signal
transducers including AKT, mTOR, S6 kinase, and 4-EBP-1 [42].
These major pathways are responsible for increases in proliferation, survival, motility, invasion, and metastasis
PRAS40 (proline-rich Akt substrate of 40kDa)-pT246 is a substrate of AKT, which mediates the PI3K pathway, and over-expression of PRAS40 is implicated in several cancers. In an in
vivo study, PRAS40 was expressed at higher levels in breast cancer cells compared to normal cells [43]. We observed significant
down-regulation of PRAS40-pT246 in the Poly E group, as well
as untreated controls. Although we observed significant modulation of other components in the PI3K/AKT pathway in the Poly
E-treated group (Table 2), these did not reach statistical significance when compared to untreated controls.
MIG-6 (mitogen-inducible gene 6) is a tumor suppressor, which
inhibits EGFR [44], and has reduced expression in breast tumors
[45]. We observed a significant decrease in MIG-6 expression in
breast tumor tissue after administration of Poly E compared to
the control group, which may enhance tumorigenesis.
In the Src/STAT pathway, we also detected a decrease in Src (steroid receptor coactivator-1)-pY416 expression after Poly E treatment. Src-1 is phosphorylated through several post-translational
pathways, including Src kinase and MAPK activity [46], and is
expressed at relatively higher levels in breast cancer compared
to normal breast tissue [47]. Therefore, down-regulation of SrcpY416 may inhibit tumorigenesis.
Finally, we demonstrated significant up-regulation of Notch1 in
the Poly E-treated group, which is consistent with evidence from
both in vitro and in vivo models. EGCG up-regulated the expression of Notch 1, which led to decreased proliferation and increased apoptosis in a significant time- and dose-dependent manner in colorectal cancer cell lines and in a mouse xenograft model
[48]. However, Notch1 may also have oncogenic activity, through
the promotion of the epithelial-to-mesenchymal transition, angiogenesis, and metastasis in human breast cancer cells [49]. Therefore, we observed protein biomarker changes after treatment with
Poly E which may promote or inhibit breast carcinogenesis. These
secondary endpoints are exploratory in nature and will need to be
validated in a larger cohort.
Limitations of our study include the relatively small sample size
and the higher than anticipated unevaluable rate. The majority
of our patient population had endocrine-sensitive breast cancer,
which limits our ability to evaluate the effects of Poly E in specific
breast cancer subtypes, such as ER-negative tumors. Due to limited available tumor tissue, since 71% of participants had stage 0-I
disease, we were only able to confirm the RPPA changes by IHC
for a limited number of proteins (Ki67, ER, PR, HER2) and we
were unable to measure tissue levels of EGCG. However, prior
phase I studies of Poly E 800mg daily for 4 weeks demonstrated a
significant increase in systemic levels of free EGCG [9].

Unique strengths of our study include the use of a well-defined
pharmaceutical-grade green tea extract and the analysis of serial
tissue samples in the same subjects with untreated controls for
comparison. A randomized double-blind study with a concurrent placebo control arm would have been a more rigorous study
design, but using archived tumor tissue from matched historical
controls provided a convenient reference group for biomarker
comparisons with the Poly E-treated group. Furthermore, we
utilized the high-throughput technology of RPPA to investigate
potential drug mechanisms and target tissue effects of Poly E that
may be relevant to breast carcinogenesis. Due to the exploratory
nature of the RPPA markers, these findings need to be interpreted with caution.
Our trial represents one of the first studies in breast cancer patients to assess tissue biomarker changes following presurgical administration of Poly E. The clinical relevance of these biomarker
changes will need to be confirmed in future studies. The goal
with this presurgical phase 0 trial is to develop an efficient model
for testing potential chemopreventive agents. Once a biological
effect can be demonstrated using this study design, then subsequent chemoprevention trials with longer drug interventions can
be pursued in breast cancer patients and high-risk women [50, 51].
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