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Abstract

(-)-Epigallocatechin-3-gallate (EGCG), the major polyphenol in green tea, has been reported to
inhibit the Wnt/B-catenin pathway, which is aberrantly up-regulated in colorectal cancers, but its
precise mechanism of action remains unclear. Here, we used a sensitive cell-based system to
demonstrate that EGCG suppresses [3-catenin response transcription (CRT), activated by Wnt3a-
conditioned medium (Wnt3a-CM), by promoting the degradation of intracellular $-catenin. EGCG
induced B-catenin N-terminal phosphorylation at the Ser33/37 residues and subsequently promoted
its degradation; however, this effect was not observed for oncogenic forms of [3-catenin.
Pharmacological inhibition or depletion of glycogen synthase kinase-3p (GSK-3p) did not
abrogate the EGCG-mediated [-catenin degradation. EGCG did not affect the activity and
expression of protein phosphatase 2A (PP2A). Consistently, the phosphorylation and degradation
of p-catenin was found in adenomatous polyposis coli (APC) mutated colon cancer cells after
EGCG treatment. EGCG repressed the expression of cyclin D1 and c-myc, which are (3-catenin/T-
cell factor-dependent genes, and inhibited the proliferation of colon cancer cells. Our findings
suggest that EGCG exerts its cancer-preventive or anticancer activity against colon cancer cells by
promoting the phosphorylation and proteasomal degradation of p-catenin through a mechanism
independent of the GSK-3p and PP2A.
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1. Introduction

(-)-Epigallocatechin-3-gallate (EGCG), a polyphenolic compound present at high
concentrations in green tea (Camellia sinensis), has been proposed to have activities that can
be used for prevention or alleviation of several chronic diseases including cancer, heart
disease, obesity, diabetes, and neurodegenerative diseases [1]. Studies in animal models
have shown cancer preventive activity of EGCG in different organs such as the liver,
stomach, skin, lung, mammary glands and colon [2, 3]. In studies with cell lines, EGCG
possesses activities related to cancer prevention such as the inhibition of various protein
kinases, DNA methyltransferase, and epidermal growth factor receptor signaling [4-7].

The Wnt/B-catenin pathway, which is triggered by the association of Wnt ligands (Wnt1,
Whnt3a, and Wnt8) with receptor Frizzed (Fz) and low-density lipoprotein receptor-related
protein 5/6 (LRP5/6) co-receptors, is essential for cell proliferation, differentiation, and
tumorigenesis [8, 9]. The functions of this pathway depend upon the level of intracellular 3-
catenin, which is regulated by its phosphorylation and subsequent degradation [10]. In the
absence of Whnt, casein kinase 1 (CK1) and glycogen synthase kinase-3 (GSK-3p)
sequentially catalyze B-catenin phosphorylation at residues Ser45, Thr41, Ser37, and Ser33
in a complex with adenomatous polyposis coli (APC) and axin [11, 12]. Phosphorylated -
catenin is then recognized by the E3 ubiquitin ligase F-box B-transducin repeat-containing
protein (B-TrCP), which leads to its ubiquitination and degradation [13, 14]. Wnt stimulation
leads to the inhibition of B-catenin phosphorylation and degradation by negatively regulating
GSK-3p in the destruction complex (CK1/GSK-3p/axin/APC) [15].

The development and progression of colorectal cancer is related to the accumulation of a
series of genetic and epigenetic alteration [16, 17]. Molecular lesions in the APC gene are
observed in the majority of sporadic colorectal cancer cases, as well as in familial
adenomatous polyposis (FAP), and they appear early in the progression of this cancer [18].
In addition, the N-terminal phosphorylation motif of -catenin is frequently mutated in
colorectal cancer [19]. These alterations lead to the accumulation of f-catenin in the nucleus,
where it forms a complex with T-cell factor/lymphocyte enhancer factor (TCF/LEF) family
transcription factors, and then activates the target genes, such as c-myc, cyclin D1,
metalloproteinase-7, and peroxisome proliferation-activated receptor-8, which play
important roles in colorectal tumorigenesis and metastasis [20-23]. Thus, the inhibition of
the Wnt/B-catenin pathway, which is aberrantly up-regulated in colorectal cancer, is a
potential strategy for the prevention or treatment of colorectal cancer. In the present study,
we demonstrated that EGCG induces the phosphorylation of 3-catenin at Ser33/37 residues
through a GSK-3p- and PP2A-independent mechanism and subsequently promotes its
degradation, thereby suppressing the growth of colon cancer cells.

2. Materials and Methods

2.1. Cell Culture, Reporter Assay, and Chemicals

HEK?293, SW480, HCT116, and Wnt3a-secreting L cells were obtained from American
Type Culture Collection and maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 120 pg/ml penicillin, and 200 pg/ml
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streptomycin. Wnt3a-conditioned medium (Wnt3a-CM) was prepared as previously
described [24]. The HEK?293 reporter (TOPFlash) and control (FOPFlash), and HEK293-
SEAP reporter cells were established as previously described [24]. The luciferase assay was
performed using the Dual Luciferase Assay Kit (Promega, Madison, WI) and the secreted
alkaline phosphatase assay was performed using a Phospha-Light™ Assay kit (Applied
Biosystems, CA). LiCl and MG-132 were purchased from Sigma-Aldrich (St. Louis, MO).
EGCG (Fig. 1A) was provided by Mitsui Norin Co. Ltd. (Tokyo, Japan). EGCG was
dissolved in double-deionized filter-sterilized water. For treatment, the cells were incubated
with EGCG in a medium supplemented with 2% FBS, SOD (5 U/ml), and catalase (30
U/ml) to prevent the auto-oxidation of EGCG and production of superoxide and hydrogen
peroxide [25].

2.2. Plasmids, siRNA and Transfection

Human Frizzled-1 (hFz-1) cDNA was cloned as previously described [24]. Reporter
plasmids containing cyclin D1 promoters were prepared by amplifying the promoter regions,
which harbored TCF-4 response elements, by PCR and inserting them into pRL-null vectors
to yield pCyclinD1-RL. The pTOPFlash and pFOPFlash reporter plasmids were obtained
from Upstate Biotechnology (Lake Placid, NY). The dominant negative p-TrCP (B-TrCP)
expression plasmid was a gift from M. Davis (Hebrew University-Hadassah Medical School,
Israel). pPCMV-RL and pSV-FL plasmids were purchased from Promega. siRNA targeting
GSK-3p (5"-GUAAUCCACCUCUGGCUAC-3') was synthesized by Invitrogen (Valenica,
CA). Negative control siRNA (Silencer™) was purchased from Ambion. Transfection was
performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions.

2.3. Western Blotting and Antibodies

The cytosolic fraction was prepared as previously described [26]. Proteins were separated by
SDS-PAGE in a 4-12% gradient gel (Invitrogen, Carlsbad, CA) and transferred to
nitrocellulose membranes (Bio-Rad, Hercules, CA, USA). The membranes were blocked
with 5% nonfat milk and probed with anti-B-catenin (BD Transduction Laboratories,
Lexington, KY), anti-GSK-3f (Santa Cruz Biotechnology, Santa Cruz, CA), anti-cyclin D1
(Santa Cruz Biotechnology), anti-myc (Santa Cruz Biotechnology) and anti-actin antibodies
(Cell Signaling Technology). The membranes were then incubated with horseradish-
peroxidase-conjugated anti-mouse IgG (Santa Cruz Biotechnology) or anti-rabbit 1gG (Santa
Cruz Biotechnology), and they were visualized using the ECL system (Santa Cruz
Biotechnology).

2.4. RNA Extraction and Semi-quantitative RT-PCR

Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA) in accordance with
the manufacturer’s instructions. cDNA synthesis, reverse transcription, and PCR were
performed as previously described [27]. The amplified DNA was separated on 2% agarose
gels and stained with ethidium bromide.
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2.5. Cell Viability Assay

Cells were inoculated into 96-well plates and incubated with EGCG in a medium
supplemented with 2% FBS, SOD (5 U/ml), and catalase (30 U/ml) for 48 h. The cell
viability of each treated sample was measured in triplicate using a Celltiter-Glo assay kit
(Promega, Madison, WI) according to the manufacturer’s instructions. To calculate the
inhibition of cell growth, the value at time 0 was subtracted.

2.6. in vitro Phosphatase Assay

3. Results

Recombinant (-catenin proteins were phosphorylated at their N-terminal residues by
purified CK1 and GSK-3p as previously described [28] and then these phosphorylated {3-
catenin proteins were incubated with the purified catalytic subunit of PP2A. The proteins
were subjected to SDS-PAGE and transferred onto nitrocellulose membranes. The
transferred proteins were analyzed using Western blotting with an anti-phospho-p-catenin
antibody (Cell Signaling Technology).

3.1. EGCG Inhibits the Wnt/B-catenin Pathway

Several studies have reported that EGCG inhibits the proliferation of colon cancer cells,
which are characterized by the aberrant up-regulation of Wnt/p-catenin signaling. To
determine the mechanism underlying EGCG-mediated inhibition of the Wnt/3-catenin
pathway, we used HEK293-FL reporter cells that were stably transfected with a synthetic -
catenin/Tcf-dependent firefly luciferase (FL) reporter and hFz-1 expression plasmid. When
HEK?293-FL reporter cells were treated with Wnt3a-conditioned medium (Wnt3a-CM), FL
activity increased (Fig. 1B). Incubation with EGCG resulted in a concentration-dependent
decrease in 3-catenin response transcription (CRT) activated by Wnt3a-CM; 80 uM EGCG
induced near-complete inhibition of CRT relative to the control treatment (Fig. 1B). In
contrast, EGCG and Wnt3a-CM did not affect the activity of FOPFlash, a negative control
reporter with mutated p-catenin/Tcf binding elements, in HEK293 control cells (Fig. 1B).
The inhibitory effect of EGCG on the Wnt/B-catenin pathway was confirmed using
HEK?293-SEAP reporter cells that stably harbored a synthetic p-catenin/Tcf-dependent
secreted alkaline phosphatase (SEAP) reporter and hFz-1 expression plasmid. Consistent
with the results from the FL reporter assay, EGCG attenuated Wnt3a- induced SEAP
activity in a concentration-dependent manner (Fig. 1C). Taken together, these results
indicate that EGCG is an antagonist of the Wnt/B-catenin pathway.

3.2. EGCG Promotes a B-TrCP-dependent Proteasomal Degradation of B-Catenin

The level of intracellular 3-catenin, which is regulated by the ubiquitin-dependent
proteasomal degradation pathway, is important for controlling the Wnt/B-catenin pathway.
Because EGCG suppressed the Wnt/B-catenin pathway, we examined whether EGCG
decreases the intracellular level of B-catenin by Western blot analysis with an anti-p-catenin
antibody. As shown in Fig. 2A, incubation of HEK293-FL reporter cells with different
concentrations of EGCG produced a concentration-dependent decrease in the amount of
cytosolic B-catenin that accumulated in response to Wnt3a-CM. In contrast, the mRNA level
of B-catenin was not altered by any concentrations of EGCG used in HEK293-FL reporter
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cells (Fig. 2B), suggesting that EGCG attenuates Wnt/B-catenin signaling by decreasing the
[3-catenin protein level rather than by repressing 3-catenin gene expression. We next
examined the involvement of the proteasome in EGCG-induced down-regulation of
cytosolic B-catenin. Treatment with EGCG consistently resulted in a decrease in cytosolic 8-
catenin levels in HEK293-FL reporter cells (Fig. 2C); however, the addition of MG-132,
which is a proteasome inhibitor, abrogated EGCG-mediated -catenin down-regulation (Fig.
2C). These results suggest that EGCG inhibits the Wnt/B-catenin pathway via proteasome-
dependent B-catenin degradation.

Next, we investigated the mechanism underlying EGCG-mediated -catenin degradation. It
has been reported that the association of -catenin with B-TrCP results in its subsequent
proteasomal degradation. To test whether 3-TrCP is necessary for -catenin degradation
induced by EGCG, a dominant negative form of 3-TrCP (AB-TrCP) that had been observed
to interact with B-catenin but was unable to form a SCFP-T"CP ubiquitin ligase complex [29]
was ectopically expressed in the presence of EGCG. As shown in Fig. 2D, the over-
expression of AB-TrCP abrogated the EGCG-induced degradation of B-catenin, suggesting
that EGCG promotes the degradation of f-catenin via a f-TrCP-dependent mechanism.

3.3. N-terminal B-Catenin Phosphorylation Is Required for Its Degradation

The N-terminal phosphorylation of B-catenin at Ser45 and Ser33/37 catalyzed by CK1 and
GSK-3b is a prerequisite event for B-TrCP-dependent 3-catenin degradation. To elucidate
the mechanism underlying EGCG-mediated -catenin degradation, we examined the effect
of EGCG on the stability of wild-type B-catenin or S37A mutant p-catenin. Wild-type -
catenin or S37A mutant -catenin was transfected into HEK293 cells, followed by treatment
with increasing amounts of EGCG. As shown in Fig. 3A, wild-type -catenin was efficiently
down-regulated in response to EGCG, whereas the level of S37A mutant 3-catenin was
largely unaffected by EGCG treatment. In addition, EGCG did not decrease the intracellular
j-catenin level in HCT116 colon cancer cells that contain a Ser45 deletion mutation in -
catenin (Fig. 3B), suggesting that the N-terminal residues of f-catenin are required for
EGCG-meidiated p-catenin degradation. We next determined whether EGCG induces
Ser33/37/Thr41 phosphorylation of B-catenin by Western blot analysis with a phosphor-
specific B-catenin antibody. When HEK293-FL reporter cells were incubated with Wnt3a-
CM, the phosphorylation of B-catenin residues Ser33/37/Thr41 decreased (Fig. 3C); this
observation is in agreement with previous reports [11, 12]. However, the addition of EGCG
resulted in phosphorylation at these residues in the presence of Wnt3a-CM (Fig. 3C). These
results suggest that EGCG promotes [3-catenin degradation via N-terminal phosphorylation
of p-catenin.

3.4. EGCG-mediated p-Catenin Phosphorylation/degradation Is Independent of GSK-3p and

PP2A

In the Wnt/B-catenin pathway, the N-terminal phosphorylation of 3-catenin at Ser33/37/
Thra4l is catalyzed by GSK-3p [14, 15]. Given that EGCG induces this phosphorylation, we
examined the involvement of GSK-3p activity in EGCG-mediated p-catenin
phosphorylation. In the presence of LiCl, which is an inhibitor of GSK-33, EGCG still
suppressed CRT in HEK293-FL cells (Fig. 4A). Consistently, Western blot analysis showed
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that EGCG reduced the cytosolic p-catenin accumulation induced by LiCl treatment (Fig.
4B). In addition, when we depleted endogenous GSK-3p using siRNA, EGCG decreased the
level of intracellular B-catenin in HEK293-FL cells (Fig. 4C). These results indicate that 3-
catenin degradation by EGCG is independent of GSK-3p.

It has been reported that protein phosphatase 2A (PP2A) dephosphorylates Ser33/37/Thr41
phosporylation of B-catenin, thereby positively regulating the Wnt/B-catenin pathway [30].
To test whether EGCG down-regulates PP2A activity, we performed an in vitro phosphatase
assay using purified p-catenin, CK1, GSK-3p, and the catalytic subunit of PP2A (PP2Ac).
Consistent with previous reports, CK1/GSK-3f readily catalyzed the N-terminal
phosphorylation of 3-catenin and PP2Ac dephosphorylated this phosphorylated N-terminal
invitro (Fig. 4D). Interestingly, EGCG did not affect PP2Ac-mediated [3-catenin
dephosphorylation (Fig. 4D). In addition, the expression of PP2Ac was unchanged in
response to various concentrations of EGCG and/or Wnt3a-CM in HEK293-FL reporter
cells (Fig. 4E). These results suggest that PP2A is not involved in EGCG-mediated [3-catenin
phosphorylation and degradation.

3.5. EGCG Promotes p-Catenin Phosphorylaion/degradation in SW480 Colon Cancer Cells

As aberrant activation of CRT frequently occur in colon cancer cells, we next examined
whether EGCG is able to attenuate CRT in SW480 colon cancer cells, which exhibit
elevated CRT due to inactivating mutation of APC [18]. SW480 cells were transfected with
TOPFlash and FOPFlash reporter plasmids followed by treatment with EGCG. As shown in
Fig. 5A, TOPFlash reporter activity was decreased by EGCG in a concentration-dependent
manner, and the activity of FOPflash was not affected. In addition, Western blot analysis
consistently showed that EGCG reduced the levels of cytosolic B-catenin in SW480 cells
(Fig. 5B). In contrast to the protein level of B-catenin, the mMRNA expression of -catenin
was not altered by EGCG treatment (Fig. 5C). Furthermore, EGCG-mediated [3-catenin
down-regulation was abolished by incubation with MG-132 in SW480 cells (Fig. 5D).
Notably, Western blot analysis using a phospho-specific -catenin antibody showed that
phosphorylation of 3-catenin at Ser33/37/Thr41 residues was induced by treatment with
EGCG (Fig. 5E). These results indicate that EGCG, in agreement with the results in
HEK?293-FL reporter cells, suppresses CRT through the promotion of -catenin
phosphorylaion and degradation in SW480 colon cancer cells.

3.6. EGCG Represses the Expression of p-Catenin-dependent Gene and Inhibits the
Proliferation of Colon Cancer Cells

Given that EGCG promotes [3-catenin degradation, we investigated the effect of EGCG on
the expression of -catenin downstream genes in SW480 colon cancer cells. SW480 cells
were transfected with a reporter construct that contains a 3-catenin/TCF-4 responsive region
and subsequently incubated with increasing amounts of EGCG. As shown in Fig. 6A, cyclin
D1 promoter activity was repressed by EGCG in SW480 cells. We also measured the protein
expression of cyclin D1 in EGCG-treated SW480 cells. Consistent with results from the
reporter assay, a concentration-dependent decrease in cyclin D1 protein level was observed
in response to EGCG (Fig. 6B). In addition, the expression of c-myc, which is an established
downstream target of -catenin, was reduced in SW480 cells after incubation with EGCG
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(Fig. 6B). The specific reduction of B-catenin by antisense oligonucleotides or small
interference RNA has been shown to inhibit the proliferation of cancer cells in vitro as well
as tumor growth in a xenograft mouse model [31-33]. Therefore, we evaluated whether
EGCG inhibits the growth of colon cancer cells. SW480 cells were incubated with varying
concentrations of EGCG, and cell growth was monitored. As shown in Fig. 6C, EGCG
suppressed the growth of SW480 cells in a concentration-dependent manner.

4. Discussion

EGCG exhibits chemopreventive properties against cancer by modulating a wide array of
signal transduction pathways, including JAK/STAK, MAPK, PISK/AKT, and Notch [4-7].
EGCG is especially reported to regulate the Wnt/B-catenin pathway but the underlying
mechanism of action is less clear because of contradictory results in the published studies.
EGCG blocks the Wnt/p-catenin pathway by inducing HBP1 transcriptional repressor
without affecting -catenin levels in breast cancer cells [34]. Singh et al. [35] found that
EGCG increases phosphorylation of 3-catenin on Ser33/37 residues through activation of
CK1/GSK-3p, thereby reducing accumulation of nuclear p-catenin, in skin cancer cells.
Conversely, it has been reported that EGCG inhibits GSK-3p activity, resulting in decrease
of B-catenin phosphorylation, in HT29 colon cancer cells [36]. In this study, we used
genetically engineered HEK?293 cells, in which the Wnt/B-catenin pathway is robustly
activated by Wnt3a-CM, to demonstrate that EGCG down-regulates -catenin through a
GSK-3B-independent proteasomal degradation pathway.

The stability of intracellular B-catenin protein is predominantly regulated by two APC-
dependent pathways; a destruction complex (APC/Axin/CK1/GSK-3p)-dependent pathway
and an APC/Siah-1-dependent pathway. In the destruction complex-dependent pathway, the
N-terminal phosphorylation of B-catenin is catalyzed by CK1/GSK-38 in a complex with
APC and axin, which results in the degradation of f-catenin through an ubiquitin-dependent
mechanism [12-15]. In the APC/Siah-1-dependent pathway, the carboxyl terminus of APC
interacts with Siah-1, which recruits the ubiquitination complex, and then promotes the
degradation of -catenin [37]. Several findings of the present study suggest that EGCG-
mediated -catenin degradation is distinct from the above-described APC-dependent
pathways. We found that oncogenic -catenin proteins, which have mutations at the CK1
phsophorylation site (Ser45) or GSK-3p phosphorylation site (Ser37), were not down-
regulated in response to EGCG, implying that phosphorylation of B-catenin at N-terminal
residues is essential for EGCG-mediated [3-catenin degradation. In addition, when GSK-3f
activity was inhibited or GSK-3 was depleted, EGCG still destabilized intracellular -
catenin protein, suggesting that EGCG-mediated -catenin degradation is GSK-3f-
independent. Moreover, EGCG still induced the degradation of -catenin in SW480 cells,
which have mutation in APC, suggesting that APC is not required for f-catenin degradation
by EGCG. The dominant negative B-TrCP abrogated the effect of EGCG on the level of -
catenin, indicating that EGCG promotes p-catenin degradation through a f-TrCP-dependent
proteasome pathway. Similarly, activation of PKCa has been reported to induce -catenin
degradation by a mechanism dependent of $-TrCP and independent of the destruction
complex [38].
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In the Wnt/B-catenin pathway, the N-terminal phosphorylation status of B-catenin is
predominantly regulated by CK1/GSK-3p protein kinases and PP2A protein phosphatase
[12, 13, 30]. In the dual kinase mechanism, Ser45 phosphorylation of -catenin by CK1 is a
prerequisite for subsequent GSK-3p-mediated Ser33/37 phosphorylation. PP2A counters the
activity of CK1/GSK-3p but catalyzes dephosphorylation of Ser33/37 phospho-f-catenin.
This dephosphorylation instantly eliminates the B-TrCP binding site and consequently
prevents B-catenin degradation [30]. In this study, we found that EGCG induces j3-catenin
phosphorylation at Ser33/37 residues in the presence of Wnt3a-CM, which inhibits the
function of the destruction complex, and in SW480 cells, which contains dysfunctional
destruction complex. Although a previous report [39] suggested that PP2A expression was
decreased by 24 h of EGCG treatment in JB6 mouse cells, we found no evidence for this
mechanism in HEK293 cells, which are known to display normal Wnt/p-catenin signaling.
In addition, an in vitro phosphatase assay showed that EGCG did not inhibit PP2A activity
when we used f-catenin phophorylated by CK1/GSK-3p as a substrate. These data suggest
that CK1/GSK-3p and PP2A are not involved in EGCG-induced p-catenin phosphorylaion.
The mechanism underlying EGCG-induced B-catenin phosphorylation/degradation needs to
be investigated further.

Aberrant up-regulation of the Wnt/B-catenin pathway is a major pathological event in the
progression of human colon cancer at an early stage, during the formation of the primary
lesion, and in the advanced stage [19]. Several natural dietary compounds have been
identified for preventing the activation of the Wnt/B-catenin pathway. Isoflavone, which is
found in soybeans, inactivates Wnt signaling to inhibit the growth of prostate cancer cells by
up-regulation of GSK-3p expression [40]. In addition, curcumin, which is isolated from
turmeric, was shown to stimulate the caspase-3-mediated cleavage of f-catenin [41] and its
natural derivatives inhibited the Wnt/B-catenin pathway through down-regulation of the
transcriptional coactivator p300 [25]. Quercetin is a representative flavonol that suppresses
Whnt/B-catenin signaling by decreasing the nuclear level of B-catenin and Tcf4 [42]. In the
present study, EGCG inhibited the Wnt/B-catenin pathway by induction of $-catenin N-
terminal phosphorylation at the Ser33/37 residues, marking it for proteasomal degradation,
and as a result represses the expression of cyclin D1 and c-myc, which play important roles
in tumorigenesis and cell cycle progression.

In this study, EGCG exhibited anti-proliferative activity against SW480 colon cancer cells at
40 to 80 uM. However, these concentrations are higher than the concentrations of EGCG
that is found in the blood and tissues after oral ingestion of tea. It is commonly found that
the effective concentrations of EGCG observed in cell culture system are higher than the
physiological concentrations measured in animal [43]. The reasons for these differences still
remain unclear. One possible reason is the short-term exposure to EGCG in cell culture
study versus the long-term treatment of animals. It has been reported that prolonging the
treatment period can reduce the effective concentration of EGCG in cell culture [44]. The
generation of more active metabolites of EGCG in vivo is also a possibility, even though our
previous results indicate that metabolites of tea catechins have lower biological activities
than their parent compounds [45]. The environment for cells in culture is also very different
from that in xenograft tumors.
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In conclusion, we investigated the mechanism underlying the EGCG-mediated inhibition of
the Wnt/B-catenin pathway using a refined cell-based system. EGCG induced the
phophorylation of -catenin at Ser33/37 residues through a mechanism independent of
GSK-3p and PP2A, and subsequently promoted the degradation of f-catenin, thereby
inhibiting the proliferation of colon cancer cells. Whether the phosphorylation of 3-catenin
is a key cancer preventive or anticancer mechanism of EGCG in animals remains to be
investigated.
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Inhibition of the Wnt/B-catenin pathway by EGCG. A: Chemical structure of EGCG. B and
C: Concentration-dependent inhibition of CRT. HEK293-FL, HEK293-SEAP reporter and
control cells were incubated with indicated concentrations of EGCG in the presence of
Whnt3a-CM. After 15 h, luciferase activity (B) or SEAP activity (C) was determined. The
results represent the average of three experiments, and the bars indicate standard deviations.

Biofactors. Author manuscript; available in PMC 2015 November 01.



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

1duosnuely Joyny Vd-HIN

Page 13

+ Wnt3a + Wnt3a
EGCG - - 20 40 80 (uM) EGCG - - 20 40 80 (uM)

| P — I B-catenin B-catenin

e IEE oo

Wntda - + + + + = B-catenin - + + + + -
EGCG - - + + - - EGCG - - + + - -
MG-132 - - = + + + ABTICP = = = + + +
| X |B-catenin I e . . W @ W8 |g-catenin
I-—----lﬁ-actin - uw oo W9 W9 W9 |p_actin
Fig. 2.

EGCG promotes the degradation of f-catenin through a f-TrCP-dependent proteasomal
degradation pathway. A: Cytosolic proteins were prepared from HEK293-FL reporter cells
treated with vehicle (DMSO) or indicated concentrations of EGCG in the presence of
Whnt3a-CM for 15 h and then subjected to Western blotting with an anit-p-catenin antibody.
B: Semi-quantitative RT-PCR for -catenin and GAPDH was performed using total RNA
prepared from HEK293-FL reporter cells treated with vehicle (DMSO) or the indicated
concentrations of EGCG in the presence of Wnt3a-CM for 15 h. C: Cytosolic proteins
prepared from HEK293-FL reporter cells that were incubated with vehicle (DMSQ) or
EGCG (40 uM) in the presence of Wnt3a-CM and exposed to MG-132 (10 uM) for 8 h were
subjected to Western blotting with anti-p-catenin antibody. D: HEK293 cells were co-
transfected with the AB-TrCP expression plasmid and then incubated with the vehicle
(DMSO) or EGCG (40 uM) in the presence of Wnt3a-CM for 15 h. Cytosolic proteins were
subjected to Western blotting with anti-f-catenin or anti-myc antibodies. In A, C and D, to
confirm equal loading, the blot was re-probed with an anti-actin antibody.
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N-terminal B-catenin phosphorylation is required for its degradation. A: HEK293 cells were
transfected with wild-type B-catenin or -catenin S37A plasmids and incubated with EGCG
(20, 40, and 80 uM) for 15 h. Subsequently, cytosolic proteins were immunoblotted with an
anti-B-catenin antibody. B: Cytosolic proteins were prepared from HCT116 cells treated
with vehicle (DMSO) or the indicated concentrations of EGCG for 15 h and then subjected
to western blotting with an anti-p-catenin antibody. C: EGCG induces the N-terminal
phosphorylation of 3-catenin. HEK293 reporter cells were incubated with EGCG (+, 40 uM;
++, 80 uM) and MG-132 (10 uM) for 15 h in the absence or presence of Wnt3a-CM.
Cytosolic fractions were prepared and subjected to western blot analysis with anti-phospho-

p33/37-B-catenin and anti-p-catenin antibodies.
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Fig. 4.

EGCG induces p-catenin degradation by a mechanism independent of GSK-3p and PP2A.
A: HEK293-FL reporter cells were incubated with EGCG (20, 40 and 80 uM) in the
presence of 20 mM LiCl. After 15 h, luciferase activity was determined. The results
represent the average of 3 experiments, and the bars indicate the standard deviation. B:
Cytosolic proteins were prepared from HEK293-FL reporter cells treated with vehicle
(DMSO) or EGCG (40 and 80 puM) in the presence of 20 mM LiCl for 15 h and then
subjected to western blotting with an anti-B-catenin anti-body. C: HEK293-reporter cells
were transfected with negative control SiRNA (NC, 40 nM) and GSK3-f siRNA (40 nM) for
36 h and then incubated with EGCG (40 and 80 pM) for 12 h. The cell lysates were
subjected to western blot analysis with anti-GSK-3 and anti-3-catenin antibodies. D: EGCG
does not affect PP2A activity. GST-B-catenin (100 ng) was incubated with purified CK1,
GSK-3, PP2Ac, and EGCG (10 and 100 puM). The samples were analyzed by western
blotting with an anti-phospho-p33/37-3-catenin antibody. E: Semi-quantitative RT-PCR for
PP2Ac and GAPDH was performed with total RNA prepared from HEK293-FL reporter
cells treated with vehicle (DMSO) or the indicated concentrations of EGCG in the presence
of Wnt3a-CM for 15 h.
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ASC is not involved in EGCG-mediated p-catenin phosphorylation and degradation. A:
SW480 cells were co-transfected with TOPFlash or FOPFlash and pCMV-RL plasmids and
incubated with EGCG for 15 h. Luciferase activity was measured 39 h after transfection.
TOPFIlash activity is reported as relative light units (RLUs) normalized to Renilla luciferase
activity. The results represent the average of 3 experiments, and the bars indicate the
standard deviation. B: Cytosolic proteins were prepared from SW480 cells treated with the
vehicle (DMSO) or EGCG for 15 h and then subjected to western blotting with the anti-f-
catenin antibody. The blots were reprobed with an anti-actin antibody as a loading control.
C: Semi-quantitative RT-PCR for p-catenin and GAPDH was performed with total RNA
prepared from SW480 cells treated with vehicle (DMSO) or the indicated concentrations of
EGCG for 15 h. D: Cytosolic proteins prepared from SW480 cells, which were incubated
with vehicle (DMSO) or EGCG (40 pM) in the presence of Wnt3a-CM and exposed to
MG-132 (10 uM) for 8 h, were subjected to western blotting with the anti-p-catenin
antibody. E: SW480 cells were incubated with EGCG (40 uM) and MG-132 (10 pM) for 15
h. Cytosolic fractions were prepared and subjected to western blot analysis with anti-
phospho-p33/37-p-catenin and anti-B-catenin antibody.
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Fig. 6.

ECQBCG inhibits the expression of f-catenin-dependent genes. A: SW480 cells were co-
transfected with cyclin D1-RL and pSV40-FL and then incubated with the indicated
amounts of EGCG for 15 h. Luciferase activity was measured 39 h after transfection. Cyclin
D1 promoter activity is reported as relative light units (RLU) normalized against firefly
luciferase activity. The results represent the average of 3 experiments, and the bars indicate
the standard deviation. B: SW480 cells were incubated with vehicle (DMSO) or EGCG for
15 h, and the cell extracts were prepared for western blotting with anti-cyclin D1 and anti-c-
myc antibodies. To confirm equal loading, the blots were re-probed with the anti-actin
antibody. C: The effect of EGCG on cell growth. SW480 cells were incubated in the
indicated concentrations of EGCG for 48 h in 96-well plates. Cell viability was examined
using the CellTiter-Glo assay (Promega). To calculate the inhibition of growth, the value at
time O was subtracted. The results represent the average of 3 experiments, and the bars
indicate the standard deviation.
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