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(−)-Epigallocatechin-3-gallate suppresses growth of AZ521 human gastric cancer
cells by targeting the DEAD-box RNA helicase p68
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(−)-Epigallocatechin-3-gallate (EGCG), the most abundant and biologically active polyphenol in green tea,
induces apoptosis and suppresses proliferation of cancer cells by modulating multiple signal transduction
pathways. However, the fundamental mechanisms responsible for these cancer-preventive effects have not
been clearly elucidated. Recently, we found that EGCG can covalently bind to cysteine residues in proteins
through autoxidation and subsequently modulate protein function. In this study, we demonstrate the direct
binding of EGCG to cellular proteins in AZ521 human gastric cancer cells by redox-cycle staining. We
comprehensively explored the binding targets of EGCG from EGCG-treated AZ521 cells by proteomics
techniques combined with the boronate-affinity pull-down method. The DEAD-box RNA helicase p68, which
is overexpressed in a variety of tumor cells and plays an important role in cancer development and
progression, was identified as a novel EGCG-binding target. Exposure of AZ521 cells to EGCG lowered the p68
level dose dependently. The present findings show that EGCG inhibits AZ521 cell proliferation by preventing
β-catenin oncogenic signaling through proteasomal degradation of p68 and provide a new perspective on the
molecular mechanism of EGCG action.

© 2011 Elsevier Inc. All rights reserved.

Green tea (Camellia sinensis) is a widely consumed beverage
known to have extensive beneficial health effects, including preven-
tion of cancer and heart disease [1,2]. Extracts of green tea and its
polyphenolic components, catechins (Fig. 1), have been shown to
inhibit the formation and development of both spontaneous and
chemically induced tumors at various organ sites in animal models
[1,3,4]. Furthermore, epidemiological studies have revealed that green

tea consumption may protect against various cancer types, including
prostate, stomach, and breast cancers [1,4]. (−)-Epigallocatechin-3-
gallate (EGCG)2 is the most abundant and biologically active
polyphenol in green tea. In various cancer cell lines, there is
considerable evidence that EGCG inhibits enzyme activities and
modulates multiple signal transduction pathways, resulting in the
suppression of cell proliferation and enhancement of apoptosis, as
well as cell invasion, angiogenesis, and metastasis [5–8]. Recent
accumulating experimental data suggest that EGCG must interact
directly with cellular proteins to act on various key proteins involved
in cellular proliferation and apoptosis [9,10]. Therefore, the identifi-
cation of target proteins interacting directly with EGCG is a key step in
elucidating the molecular and biochemical mechanisms underlying
the anticancer effects of EGCG.

The cell surface catechin receptor 67-kDa laminin receptor
(67LR) mediates the EGCG induced-inhibition of cancer cell
proliferation [11,12]. Vimentin [13], insulin-like growth factor 1
receptor [14], FYN [15], glucose-regulated protein 78-kDa (GRP78)
[16], Ras-GTPase-activating protein SH3 domain-binding protein
(G3BP) [17], and ZAP-70 [18] have been shown to be EGCG-binding
targets from cultured cell lysates by EGCG–Sepharose 4B affinity
chromatography. These proteins are important for the suppression
of cell proliferation and enhancement of apoptosis mediated by
EGCG in cancer cell lines. Nevertheless, the precise molecular and
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biochemical mechanism by which the binding of EGCG to target
proteins regulates the protein function remains unknown. The
EGCG-binding proteins from EGCG-treated cells have not been
analyzed comprehensively by proteomics.

We found that EGCG can covalently bind to cysteinyl thiol residues
in proteins through autoxidation (Fig. 2) [19]. EGCG is readily
autoxidized to form a semiquinone radical that rearranges to an o-
quinone at the B ring (gallyl) [20–22]. Thus, the electron-deficient o-
quinone reacts with the nucleophilic thiol group of cysteine to form an
S-cysteinyl–EGCG adduct. EGCG irreversibly inhibited glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) activity by specifically
binding to the reactive cysteinyl thiol in the active center. Based on
these findings, we proposed a novel signaling pathway by which the
proteins are covalently modified by EGCG. Reactive cysteines with a
low-pKa thiol group serve as catalytic intermediates at the active site
of many enzymes. Furthermore, reactive cysteinyl thiols present in
various transcription factors, such as Kelch-like ECH-associated
protein 1/nuclear factor-erythroid 2-related factor 2 (Keap1/Nrf2),
nuclear factor-κB, and p53, have been suggested to act as redox
sensors for the transcriptional regulation of many genes essential for
maintaining cellular homeostasis [23–25]. Therefore, the covalent
modification of such thiol groups could critically alter protein
function, with potential effects on cell signaling. These events may
subsequently lead to inhibition of tumor cell growth, induction of
apoptosis, or inhibition of angiogenesis.

In this study, we examined the direct binding of EGCG to cellular
proteins in EGCG-treated cells by redox-cycling staining. Further-
more, we used the affinity pull-down assay and proteomics approach
to identify EGCG-bound proteins in the EGCG-treated cells. Among the
identified proteins, we focused on the ATP-dependent RNA helicase
DDX5 (referred to as p68) as a novel EGCG-binding target. Recently,
p68 was reported to act as a transcriptional coactivator for a number
of highly regulated transcription factors (e.g., β-catenin, estrogen
receptor α, and androgen receptor) and to be overexpressed in some
cancer cells, including intestinal, breast, and prostate tumor, suggest-
ing that it may play an important role in cancer development and/or
progression [26–29]. We investigated the effects of EGCG on the p68-
dependent transcriptional regulation.

Materials and methods

Materials

EGCG, (−)-epicatechin gallate (ECG), (−)-epigallocatechin (EGC),
(−)-epicatechin (EC), and (+)-catechinwere kindly providedbyMitsui
Norin Co. Ltd (Shizuoka, Japan). Hybond-P polyvinylidene difluoride
(PVDF) membrane was obtained from GE Healthcare UK Ltd. The
protease inhibitor cocktail was obtained from Roche Applied Science
(Mannheim, Germany). m-Aminophenylboronic acid–agarose (PBA)
was purchased from Sigma–Aldrich (St. Louis, MO, USA). Fetal bovine

Fig. 1. Structures of major green tea catechins.

Fig. 2. Putative mechanism for EGCG binding to a protein cysteinyl thiol group through autoxidation. EGCG is oxidized to form EGCG quinone at the B ring by autoxidation. The EGCG
quinone can react with the nucleophilic thiol group of a cysteine residue to form EGCG–protein adducts.
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