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Abstract Tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) is a promising anticancer agent. Epigallo-
catechin-3-gallate (EGCQG) is a polyphenolic constituent of
green tea. In this study, potentiating effect of EGCG on
TRAIL-induced apoptosis human renal carcinoma cell line
786-0O which is relatively resistant to TRAIL was examined,
and the possible mechanism was investigated. Here, we show
that co-treatment with EGCG and TRAIL induced signifi-
cantly more profound apoptosis in 786-O cells. Treatment of
786-0 cells with EGCG and TRAIL downregulated c-FLIP,
Mcl-1, and Bcl-2 proteins in a caspase-dependent pathway.
Moreover, we found that pretreatment with NAC markedly
inhibited the expression levels of c-FLIP, Mcl-1, and Bcl-2
downregulated by the combinatory treatment, suggesting that
the regulating effect of EGCG on these above apoptosis-
relevant molecules was partially mediated by generation of
ROS. Taken together, the present study demonstrates that
EGCG sensitizes human 786-O renal cell carcinoma cells to
TRAIL-induced apoptosis by downregulation of c-FLIP,
Mcl-1, and Bcl-2.

Keywords Epigallocatechin-3-gallate - Tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) -
Apoptosis - Renal cell carcinoma

R. Wei (X)) - N. Jia - W. Yang
The Affiliated Hospital of Hebei University, Baoding, China
e-mail: drruojingwei@ 163.com

G. Zhu

The First Affiliated Hospital of Xian Jiaotong University,
Xi’an, China

Published online: 25 December 2014

Introduction

Renal cell carcinoma (RCC), accounting for 3 % of all
malignant neoplasms, is the most lethal urological disease
[1]. RCC is a heterogeneous histological disease, and clear
cell renal cell carcinoma (CCRCC) is the most common
histological subtype, making up approximately 75-80 % of
the cases of renal tumors [2]. Along with the advances in
the early diagnostic approaches including by ultrasound,
computed tomography, and magnetic resonance imaging,
the incidence of RCC has been increasing worldwide over
the last few decades [3, 4]. However, still 25 % of patients
with RCC are diagnosed in the advanced stage of the dis-
ease [5]. Furthermore, despite nephrectomy and radio-
therapy, 30 % of patients develop metastatic disease after
treatment, with a median survival period of one year [2, 6].

Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) belongs to the TNF superfamily, which has been
considered to be one of the promising anticancer agents
because of its ability to induce apoptosis in a variety of
human cancers [7]. Previous studies have shown that
TRAIL interacts with death receptor 4 (DR4; TRAIL-R1)
and death receptor 5 (DRS; TRAIL-R2), which then causes
the formation of the death-inducing signal complex (DISC)
with binding of caspase-8, leading to apoptosis (extrinsic or
death receptor pathway) [7, 8]. In addition, TRAIL also
induces apoptosis via intrinsic or mitochondrial pathway,
by disruption of the mitochondria membrane permeability,
release of cytochrome c into the cytoplasm and activation
of caspase-9 [9]. Despite the beneficial effect of TRAIL to
selectively kill tumor cells, only a minority of cancer cells
undergo apoptosis induced by TRAIL, while most of can-
cer cells seem to show resistance to TRAIL [8]. Therefore,
efforts are being undertaken to understand the molecular

@ Springer



Cell Biochem Biophys

mechanisms of TRAIL resistance and develop novel regi-
men to sensitize cancer cells to TRAIL-induced apoptosis.

Epigallocatechin-3-gallate (EGCG), a major polyphe-
nolic constituent of green tea, has been shown to have
marked antiproliferative, proapoptotic, antiangiogenic, an-
timetastatic, and cell cycle regulation activities in various
in vitro and in vivo tumor models [10-12]. More impor-
tantly, EGCG exerts anticancer effects without harming
normal healthy cells [13]. A number of studies have
investigated the mechanisms by which EGCG kill cancer
cells. Gupta et al. have reported that EGCG treatment
resulted in a increases in the expression of p21, p27, pl8,
and pl6, and a corresponding decrease in cyclin D1, D2,
and cyclin E as well as CDK 2, 4, and 6. In prostate cancer
cells, it has been found that EGCG treatment reduced the
expression of antiapoptotic proteins like phospho-PI3K and
its substrate AKT, thereby limiting cell growth [14]. In
other studies with human colon cancer and prostate cells,
EGCG reduces nuclear localization of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB),
which has significant roles in cell survival and induction of
cytokines [15, 16]. In the context of tumor development,
EGCG inhibits the production and activation of vascular
endothelial growth factor (VEGF) in breast and colon
cancer, and leukemia cells, as well as proteolytic activity of
matrix metalloproteinases (MMPs) in prostate cancer cells
[17-20].

Currently, the outcome of a combined treatment of RCC
with TRAIL and EGCG is unknown. Therefore, the aim of
the current study was to investigate and compare the
potential chemosensitizing effects of EGCG on TRAIL-
mediated apoptosis in RCC 786-O cells as well as the
possible mechanisms underlying these modulations, par-
ticularly their effects on the expression of some proteins
involved in the extrinsic apoptotic pathway such as Bcl-2,
Mcl-1, and c-FLIP.

Materials and Methods

Cell Cultures

Human RCC cells, 786-O, were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with
10 % fetal bovine serum (FBS). When experimenting, cells
were switched to DMEM containing 2 % FBS.

Cell Viability Assays

The viability of cells was determined using the CellTiter 96
AQueous Cell Proliferation Assay (3-(4,5-Dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide [MTT] assay; Pro-
mega). In brief, 2 x 10* cells were seeded in a 96-well
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culture plate and treated with EGCG, TRAIL, or both.
Following 48-h incubation, MTT reagent was added to
each well, and absorbance was measured at 490 nm with a
plate reader (Spectra Max 340; Molecular Devices, LLC,
Sunnyvale, CA, USA). Cell viability was normalized to
untreated cells.

Caspase Activity Assay

Caspase activity assay was carried out using a fluorometric
protease assay kit as per the instructions provided by the
manufacturer (BioVision, Mountain View, CA). Enzymatic
release of free fluorogenic moiety was measured by a
fluorometer (Ex 380 and Em 460 nm). The arbitrary unit
was expressed as the fluorescent change per amount of
protein.

Flow Cytometry Analysis

For flow cytometry, the cells were resuspended in 100 ml
of PBS, and 200 ml of 95 % ethanol was added, while the
cells were being vortexed. The cells were then incubated at
4 °C for 1 h, washed with PBS, resuspended in 250 ml of
1.12 % sodium citrate buffer (pH 8.4) with 12.5 mg of
RNase, and finally, incubated for an additional 30 min at
37 °C. The cellular DNA was then stained by adding
250 ml of a propidium iodide solution (50 mg/ml) to the
cells for 30 min at room temperature. The stained cells
were analyzed by fluorescence-activated cell sorting on a
FACScan flow cytometer (Becton—Dickinson and Co.,
Franklin Lakes, NY, USA) to determine the relative DNA
content, which was based on the red fluorescence intensity.

Reverse Transcription Polymerase Chain Reaction

Total RNA was isolated using the TriZol reagent (Life Tech-
nologies; Gaithersburg, MD, USA), and the cDNA was pre-
pared wusing M-MLV reverse transcriptase (Gibco-
BRL;Gaithersburg, MD, USA) according to the manufacturers’
instructions. The following primers were used for the amplifi-
cation of human c-FLIP, Mcl-1, and Bcl-2: ¢c-FLIP (sense) 5'-C
GGACTATAGAGTGCTGATGG-3' and (antisense)5’-GATT
ATCAGGCAGATTCCTAG-3', Mcl-1 (sense) 5'-GCGACTG
GCAAAGCTTGGCCTCAA-3and (antisense) 5'-GTTACAG
CTTGGATCCCAACTGCA-3', and Bcl-2 (sense) 5'-TGTAT
GAACTGAGCAATGTGCAAGA-3', and (antisense) 5'-CAC
CTGGCAGCGTAGGGTAA-3'. The PCR amplification was
carried out using the following cycling conditions: 94 °C for
3 min followed by 23 cycles of 94 °C for 45 s; 58 °C for 45 s,
72 °C for 1 min; and a final extension at 72 °C for 10 min.
Expression of mRNA was determined by quantitative reverse
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transcription polymerase chain reaction (qQRT-PCR) using
SYBR Green PCR Master Mix (Bio-Rad Laboratories Inc.,
Hercules, CA, USA) using the gene-specific primers listed
above and normalized to GAPDH expression.

Western Blot

The obtained cell extracts were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis and
electrophoretically transferred to polyvinylidene difluoride
membranes. After blocking, the membranes were incu-
bated with the indicated antibodies against PARP, Bcl-2,
Mcl-1, and c-FLIP (Santa Cruz Biotechnology, Santa Cruz,
CA) and B-actin (R&D Systems, Minneapolis, MN). Then,
the membranes were incubated with horseradish peroxi-
dase-labeled IgG. The blots were developed using
enhanced chemiluminescence western blotting reagents.
The intensity of each signal was determined using a com-
puter image analysis system (IS1000; Alpha Innotech
Corporation).

Statistical Analysis

Data are presented as mean =+ SD. Multiple comparisons
were carried out using one way analysis of variance
(ANOVA) followed by either Dunnett or Tukey—Kramer
test for post hoc analysis, as appropriate. Individual groups
were compared used unpaired Student’s ¢ test. Statistical
significance was acceptable to a level of P < 0.05.

Results

Effects of EGCG on TRAIL Cytotoxic Activity in 786-
O Cells

Cell viability was expressed as the survival fraction com-
pared with untreated control cells as assessed with MTT
assay. As shown in Fig. 1a, treatment of 786-O cells with
TRAIL at a dose up to 1000 ng/ml did not result in marked
decrease in survival fraction of cells, which was consistent
with the previous study reporting the relative resistance of
786-0 cells to TRAIL [21]. Next, we examined the effect of
EGCG treatment on cell viability. As shown in Fig. 1b,
EGCG treatment did cause a dose-dependent loss of viability
of cells, whereas only dose over 100 pg/ml significantly
reduced the cell viability. In an attempt to search for novel
sensitizer for TRAIL, we investigated the effect of the
combined treatment with EGCG and TRAIL. As shown in
Fig. lc, co-treatment of 786-0 cells with TRAIL and EGCG
resulted in a marked reduction of cell viability, compared to
that of cells treated with TRAIL or EGCG alone.

EGCG Treatment Induces Apoptosis in 786-O Cells

To investigate the effect of EGCG-induced apoptosis,
human renal carcinoma 786-O cells were treated using
EGCG, TRAIL alone, or in combination. Apoptosis was
determined using flow cytometry analysis demonstrating
hypo-diploid DNA. As shown in Fig. 2a, either treatment
with TRAIL or EGCG by itself induced marked increase in
apoptosis, whereas combinatory treatment of 786-O cells
with EGCG and TRAIL resulted in a significant increase in
apoptotic cell population compared to either single agent
(P < 0.05). Moreover, we found that the loss of viability
and increase in apoptosis was accompanied by the prote-
olytic cleavage of PARP as well as elevated activities of
caspase-3, caspase-8, and caspase-9, as shown in Fig. 2b, c.

EGCG Downregulates Mcl-1 and c-FLIP Protein
Expressions

To investigate the underlying mechanisms involved in
EGCG enhanced TRAIL-induced apoptosis, we analyzed
the changes in the expression levels of a number of mol-
ecules that played an essential role in apoptosis. As shown
in Fig. 3a, Bcl-2, Mcl-1, and c-FLIP protein expressions
were dramatically decreased in response to combinatory
treatment of TRAIL and EGCG. To further elucidate the
mechanism responsible for the changes in proteins level,
we determined the levels of Bcl-2, Mcl-1, and c-FLIP
mRNAs by RT-PCR. As shown in Fig. 3b, TRAIL treat-
ment at 200 ng/ml alone did not markedly alter the mRNA
expression levels of these above molecules, whereas
EGCG treatment at 50 pg/ml resulted in a significant
decrease in mRNA expressions of these molecules com-
pared with control. In contrast, combinatory treatment with
TRAIL and EGCG led to a significantly more profound
decrease in the mRNA levels of these apoptosis-relevant
molecules, suggesting that EGCG modulates the expres-
sion of these molecules at the transcriptional level.

EGCG Plus TRAIL-Induced Apoptosis was Mediated
Via Caspase-Dependent Pathway

Our aforementioned resulted have shown that apoptosis
induced by the combination of EGCG and TRAIL corre-
lated with increased activities of caspase-3,-8 and -9.
Therefore, we investigated the role of caspase pathway in
EGCG plus TRAIL-induced apoptosis by using a general
and potent inhibitor of caspases, z-VAD-fmk. As shown in
Fig. 4a, b, z-VAD-fmk prevented all these caspase-related
events such as cleavage of pro-caspase-3 and PARP. Our
results of FACS analysis also revealed that EGCG plus
TRAIL-induced apoptosis was almost completely pre-
vented by pretreatment with z-VAD-fmk at 25 uM,
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Fig. 1 Effect of EGCG or/and
TRAIL on cell viability. Cells
were treated with indicated
concentration of EGCG,
TRAIL, or both (TRAIL

200 ng/ml, EGCG 50 pg/ml)
for 48 h. *P < 0.05 versus
vehicle

Fig. 2 Cell apoptosis induced
by combination of EGCG and
TRAIL in 786-O cells. Cells
were treated with EGCG,
TRAIL, or both (TRAIL

200 ng/ml, EGCG 50 pg/ml)
for 48 h. Cell apoptosis was
analyzed by flow cytometry,
levels of cleaved PARP were
determined by western blots,
and activities of caspase-3, -8,
and -9 were determined using
ELISA kit. Flow cytometric
graphs and western blots shown
were representative of three
experiments. *P < 0.05 versus
vehicle

indicating the combined treatment with EGCG and
TRAIL-induced apoptosis was mediated by caspase-
dependent apoptosis pathways (Fig. 4c). Moreover, we
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examined the effect of z-VAD-fmk on the mRNA
expression levels of Bcl-2, Mcl-1, and c-FLIP. As shown in
Fig. 4d, results from RT-PCR analysis showed that
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Fig. 3 Effects of TRAIL and
EGCG on apoptosis-related
molecules in 786-0 cells. Cells
were treated with EGCG,
TRAIL, or both (TRAIL

200 ng/ml, EGCG 50 pg/ml)
for 48 h. The protein and
mRNA levels of apoptosis-
related molecules were assessed
by western blot and RT-PCR,
respectively. *P < 0.05 versus
vehicle

Fig. 4 Combinatory treatment
with EGCG plus TRAIL-
induced apoptosis was mediated
via caspase-dependent pathway.
Cells were treated with EGCG,
TRAIL, or both (TRAIL

200 ng/ml, EGCG 50 pg/ml)
for 48 h with or without
pretreatment with 25 pM
z-VAD for 1 h. Cell apoptosis
was analyzed by flow
cytometry, levels of cleaved
PARP were determined by
western blots, activity of
caspase-3 was determined by
ELISA kit, and the mRNA
levels of apoptosis-related
molecules were assessed by RT-
PCR analysis. *P > 0.05 versus
EGCG + TRAIL

pretreatment with z-VAD-fmk partially restored the mRNA
level of Bcl-2, Mcl-1, and c-FLIP which were downregu-
lated by combinatory treatment with EGCG plus TRAIL,
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Enhanced TRAIL-Induced Apoptosis Appears to be
Partially Dependent on the Formation of Reactive
Oxygen Species (ROS)

The role of ROS in apoptosis has been well established and

it has been reported that EGCG increases ROS production
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in a variety of cancer cells [22-24]. Therefore, we inves-
tigated whether ROS generation is directly associated with
EGCG plus TRAIL-induced apoptosis. As shown in
Fig. 5a, EGCG plus TRAIL-induced apoptosis was sig-
nificantly abrogated by pretreatment with NAC, as deter-
mined by FACS analysis. Furthermore, we found that
pretreatment with NAC decreased the elevated mRNA
levels of Bcl-2, Mcl-1, and c-FLIP resulting from combi-
natory treatment (Fig. 5b). Taken together, these results
suggested that EGCG-stimulated TRAIL-induced apopto-
sis appears to be partially dependent on the formation of
ROS via downregulation of apoptosis-related molecules.
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Fig. 5 EGCG-stimulated TRAIL-induced apoptosis appears to be
partially dependent on the formation of ROS. Cells were treated with
EGCG, TRAIL, or both (TRAIL 200 ng/ml, EGCG 50 pg/ml) for
48 h with or without pretreatment with 5 mM NAC for 1 h. Cell
apoptosis was analyzed by flow cytometry, and the mRNA levels of
apoptosis-related molecules were assessed by RT-PCR analysis.
*P > 0.05 versus EGCG + TRAIL
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Discussions

TRAIL has gained attention as a promising candidate for
cancer therapy because it induces apoptosis preferentially
in cancer rather than normal cells [25], which has been be
explained by the differential expressions of agonistic
receptors in cancer and dominant-negative antagonistic
receptors in normal cells. It has been proposed that TRAIL
transmits a pro-apoptotic signal to the caspase-signaling
cascade via agonistic receptors death receptors 4 (DR4)
and 5 (DR5) (also known as TRAIL-R1 and TRAIL-R2,
respectively), leading to cell death [26, 27]. In contrast, the
binding of TRAIL to decoy receptors 1 (DcR1) and 2
(DcR2) (also known as TRAIL-R3 and TRAIL-R4,
respectively), which are known as antagonistic receptors
for TRAIL, does not induce apoptosis due to the lack of an
intracellular death domain in these two receptors [27, 28].
Recently, the prognostic values of TRAIL and its receptors
have been noted by a couple of studies. Toiyama et al. have
reported that serum TRAIL level may be useful as a
prognostic biomarker in RCC patients and TRAIL might
contribute to the lymphocyte-mediated cytotoxicity against
human RCC cell lines [29]. Macher-Goeppinger et al. have
also found that high TRAIL-R2, high TRAIL, and low
TRAIL-R4 expression levels are associated with a worse
disease-specific survival in patients with RCCs [30].
However, the application of TRAIL in clinical setting has
been limited due to the short half-life and intrinsic resis-
tance. Therefore, a lot of efforts have been made to
enhance the therapeutic effect of TRAIL in RCC, and a
combinatory therapeutic regimen with TRAIL and other
agents has provided a most feasible solution.

During the last decade, natural compounds have received
considerable attention of research as potential chemopre-
ventive agents that may sensitize cancer cells to TRAIL-
induced apoptosis [31, 32]. EGCG, the main active flavo-
noid compound of green tea, has been known to provide
multiple beneficial health effects [33]. Epidemiological
studies also proved that the green tea consumption is asso-
ciated with lower risk of several types of human cancers
[34]. In the context of RCC, it has been reported that EGCG
inhibits growth and induces apoptosis in vitro [35]. In this
study, we show that EGCG could sensitize TRAIL-resistant
786-O cells to TRAIL-induced apoptosis. The ability of
EGCG to overcome TRAIL resistance was accompanied by
the downregulation of Mcl-1 Bcl-2 and c-FLIP.

The extrinsic apoptotic pathway can be triggered by
TRAIL via binding to death receptors on the cell surface to
activate caspase-8. Meanwhile, TRAIL-induced apoptosis
can be amplified by activation of the mitochondrial apop-
totic pathway. Generally, these processes are augmented by
overexpression of death receptors, but are negatively reg-
ulated by c-FLIP and antiapoptotic Bcl-2 family proteins
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[7]. Moreover, Wu et al. have established the association
between TRAIL resistance with overexpression of antia-
poptosis including FADD-like apoptosis regulator (c-
FLIP), antiapoptotic Bcl-2 family proteins (e.g., Bcl-2 and
Bcl-xL) and inhibitor of apoptosis proteins (IAPs) [8],
indicating that TRAIL-resistant cancer cells can be sensi-
tized by TRAIL sensitizer such as chemotherapeutic drugs
and biochemical inhibitors that suppress the expression of
antiapoptosis-associated proteins including Bcl-2, c-FLIP
or XIAP. A number of natural compounds, including
dioscin [36], silibinin [37] and luteolin [38], has been
shown to downregualate c-FLIP and subsequence sensitize
to TRAIL-induced apoptosis in different cancer cell lines.
In consistent with their studies, we found that the poten-
tiating effect of EGCG on TRAIL-induced apoptosis in
786-O cells was also mediated by downregulation of
apoptosis-related molecules Mcl-1, Bcl-2 and c-FLIP. It is
well established that c-FLIP protein levels can be regulated
by ubiquitin/proteasome-mediated degradation [39] or by
their transcriptional control through the NF-kB or c-Fos
pathway [40, 41]. However, further research is needed for
the mechanistic study to elucidate how EGCG regulates the
level of c-FLIP levels.

Recently, several studies have shown that ROS down-
regulates c-FLIP levels and increases the sensitivity to
apoptotic stimuli [42, 43]. On the other hand, mounting
evidence has shown that EGCG can exert antitumor effect
via ROS-dependent pathway and hence activate a variety
of downstream signaling [22, 23, 44]. Therefore, we
investigated whether downregulations of c-FLIP by EGCG
was actually mediated by ROS signaling pathway. In the
presence of NAC, the decreased levels of c-FLIP caused by
EGCG were partially restored. Taken together, EGCG-
stimulated TRAIL-induced apoptosis appears to be
dependent on the formation of ROS for downregulations of
c-FLIP.

In summary, herein we report one antineoplastic
mechanism of EGCG against human RCCs. We have
shown that EGCG can sensitize RCC cells to TRAIL-
induced apoptosis by downregulating c-FLIP via ROS-
dependent pathway, indicating the potential of using
EGCG as a therapeutic approach for enhancing sensitivity
to TRAIL in the treatment of RCC.
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