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ARTICLE INFO ABSTRACT

Keywords: Aims: To elucidate the mechanism by which (—)-epigallocatechin-3-gallate (EGCG) mediates intracellular Ca®*
Androgen-resistant prostate cancer cells increase in androgen-independent prostate cancer (PCa) cells.

PC3 cells Main methods: Following exposure to different doses of EGCG, viability of DU145 and PC3 PCa cells was
DU145 cells evaluated by MTT assay and the intracellular Ca®>* dynamics by the fluorescent Ca®* chelator Fura-2. The
I?:l:; tea expression of different channels was investigated by qPCR analysis and sulfhydryl bonds by Ellman's assay.

SH oxidation Key findings: EGCG inhibited DU145 and PC3 proliferation with ICs, = 46 and 56 uM, respectively, and induced
Cytotoxicity dose-dependent peaks of internal Ca®* that were dependent on extracellular Ca®>*. The expression of TRPC4 and

TRPC6 channels was revealed by qPCR in PC3 cells, but lack of effect by modulators and blockers ruled out an
exclusive role for these, as well as for voltage-dependent T-type Ca®* channels. Application of dithiothreitol and
catalase and sulfhydryl (SH) measurements showed that EGCG-induced Ca®* rise depends on SH oxidation,
while the effect of EGTA, dantrolene, and the PLC inhibitor U73122 suggested that EGCG-induced Ca®* influx
acts as a trigger for Ca®*-induced Ca®* release, involving both ryanodine and IP; receptors. Different from
EGCG, ATP caused a rapid Ca®* increase, which was independent of external Ca®*, but sensitive to U73122.

Significance: EGCG induces an internal Ca®* increase in PCa cells by a multi-step mechanism. As dysregulation
of cytosolic Ca®* is directly linked to apoptosis in PCa cells, these data confirm the possibility of using EGCG as a

Ca®*-induced Ca®" release
ATP-induced Ca®* release

synergistic adjuvant in combined therapies for recalcitrant malignancies like androgen-independent PCa.

1. Introduction

Prostate cancer (PCa), especially its androgen-independent form, is
one of the commonest bad-prognosis malignancies worldwide. Given
unsatisfactory outcome and adverse effects of treatments for androgen-
independent PCa, biomedical attention is focused on the search for new
therapies [53]. A followed strategy consists in considering possible
preventive factors from lifestyle and diet. Epidemiologic evidence
suggested a negative correlation between PCa incidence and green tea
consumption in Asian countries, indicating a possible effect of the drink
or of its active constituents for preventive or curative purposes, al-
though data from observational studies are still not conclusive [1,2].

In most studies, the alleged health benefits of green tea has been
associated to the activity of the major active compound, (-)-epigallo-
catechin-3-gallate (EGCG), a flavonoid esterified with gallic acid. EGCG
has a long and distinguishable pedigree in cellular and molecular stu-
dies, many of which aimed at disclosing therapeutic targets [3]. In
particular, EGCG was shown to cause cytotoxicity to cancer cell cultures
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at doses that are virtually harmless in tissue paired normal cells [4-6].

Intracellular Ca®* is known to play an essential role in cancer de-
velopment, while the cell Ca®* mobilizing machinery often shows
differences in cancer cells with respect to normal counterparts [7].
EGCG directly interacts with proteins and phospholipids in the plasma
membrane and the intracellular Ca®* elevation that is revealed at
moderately high doses is likely to be one of the first steps of its action
[8]. EGCG has been shown to induce Ca®™ influx via non-selective ca-
tion channels and voltage-operated Ca*>* channels in smooth muscle
cells [9], and O," ™ -regulated Ca®* channels in mast cells [10]. We have
previously found that EGCG causes a reduction of viability by affecting
T type Ca®* channel activity in breast [11] and mesothelioma cancer
cells [12]. Following this line of evidence, we have correlated dose-
dependent effects of EGCG on cell viability with the Ca®>* dynamics in
two androgen-insensitive human prostate carcinoma cell lines DU145
and PC3 PCa cells. By using various Ca?* channel inhibitors and
modulators of Ca®>* and redox cell signaling, we have tried to elucidate
EGCG mechanism of action, which involves a multiplicity of Ca®*
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mobilizing mechanisms, including cell membrane channels and in-
tracellular Ca®™" release.

2. Material and methods
2.1. Chemicals

(—)-Epigallocatechin-3-gallate (EGCG) was purchased from
Cayman Chemical Co. (Ann Arbor, MI, USA). All other reagents and
analytical grade chemicals were purchased from Merck Life Science
(Sigma-Aldrich, Milano, Italy), unless otherwise specified.

2.2. Cell culture and viability assay

In vitro experiments were carried out using the metastatic prostate
cancer cell lines PC3 and DU145 [13]. Cells were obtained from the
Genoa Tissue Bank (San Martino Hospital, Genova, Italy), and grown in
RPMI medium, supplemented with 10% foetal bovine serum at 37 °C, in
a 5% CO,, fully humidified atmosphere.

Cell viability was determined by the MTT assay. Cells were settled in
96-well plates for 24 h and exposed to various agents for 24 or 48 h as
specified. After that time, cells were incubated with 3-(4,5
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium salt (MTT, 0.5 mg/ml )
added to the cell culture medium without serum for 3 h at 37 °C, treated
with a solution of 1 N HCl-isopropanol (1:24, v/v) and mixed to dis-
solve the dark-blue formazan crystals formed. After a few minutes at
room temperature, the plates were read at 570 nm in a VMax micro-
plate reader (Molecular Devices, Sunyvale, CA).

2.3. Intracellular Ca®* measurements

Cytosolic free Ca?* concentration ([Ca®*];) was measured using a
microspectrophotometry fluorescence ratio setup equipped with a
perfusion system, as previously described [14]. Cells were incubated
with 5 um Fura-2-acetoxymethyl ester (Fura-2-AM, Thermo Fisher
Scientific) in a physiological saline (see below), at 37 °C for 40 min,
washed and mounted on the stage of an inverted microscope (Axiovert
Zeiss, Germany), where they were continually superfused with different
solutions. Cells were illuminated by a xenon lamp through a wave-
length selector monochromator; emission was observed through an X40
quartz objective and recorded by a photomultiplier. The ratio E340/
E380 was calculated every 40 msec to acquire a time-dependent, in-
ternal Ca®* sensitive signal. At the end of each experiment, cells were
incubated with 2 pM ionomycin in 1 mM Ca?* until the ratio reached a
maximum value (Rpayx), then 10 mM ethylene glycol-bis(2-aminoethy-
lether)-N,N,N’,N’-tetraacetic acid (EGTA) was applied until the ratio
reached a minimum value (R,;,). Finally, MnCl, (5 mM) was added to
the bath to quench the Fura-2 fluorescence and determine the back-
ground fluorescence values. The fluorescence emissions relative to each
excitation wavelength (E340 and E380 respectively) were corrected for
this background signal before ratio R = E340/E380 determination.
Internal Ca?* was calculated according to the Grynkiewicz equation
[15].

The physiological standard bath solution contained (in mM): NaCl
140, KCl 5.4, CaCl, 1.0, MgCl, 1.0, 4-(2-hydroxyethyl)-1-piper-
azineethanesulfonic acid (HEPES) 10, and glucose 10. The pH was ad-
justed at 7.4 with NaOH. The Ca®*-free solution had the same com-
position with 0 CaCl, added, 4 MgCl, and 2 EGTA.

2.4. Real-time gPCR analysis
Total RNA from PC3 cultured cells was extracted using Aurum Total

RNA Mini Kit (Bio-Rad, Hercules, CA, USA) according to manufacturer's
instructions. Two micrograms of total RNA were retrotranscribed to
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cDNA using RNAse H+ MMLYV reverse transcriptase and including in
the reaction both random primers and oligo(dT) primers (iScript
Advanced cDNA Synthesis Kit for RT-qPCR, Bio-Rad). In order to assess
the expression of channel genes, cDNA was amplified using SYBR-Green
dye (SsoAdvanced Universal SYBR Green Supermix, Bio-Rad) and CFX
Connect Instrument (Bio-Rad). No template control (NTC), no primer
control (NPC), no reverse transcription control (NAC), a reaction
without reverse transcriptase, were included in the qPCR reactions to
exclude genomic DNA contamination and the presence of primer di-
mers. Actin (ACTB) was used as an internal control with primer forward
5'ctggaacggtgaaggtgaca and reverse 5'aagggacttcctgtaacaat. PrimePCR™
SYBR green ® Assays from BIORAD were used for TRPV6, TRPC4and
TRPC5 genes (qHsaCED0046278, qHsaCED0036540, and
qHsaCID0017182, respectively), whereas for TRPC6 primers forward
S'tggttacgttctttatggagtc and reverse 5'cacatcagcgtcatcctca were as in [52].
The reaction conditions were: activation 95 °C 2 min; 39 cycles com-
posed of denaturation 95 °C 5 s, annealing/extension 60 °C 30 s;
melting curve 65-95 °C (0.5 °C increments) 5 s/step.

2.5. Estimation of free thiol groups

Free thiol groups were determined by Ellman's method [16]. Ell-
man's reagent (5,5’-dithio-bis-(2-nitrobenzoic acid), DTNB) was pur-
chased from Thermo Scientific (Rockford, IL USA). Cells were grown in
6-well plates and incubated for 5 min with either dithiothreitol (DTT)
1 mM, EGCG 100 pM, both or no additions in standard physiological
saline. Cells were washed 3 times with PBS without divalent cations
(PBS™) and set in PBS™ containing 0.02% ethylenediaminetetraacetic
acid (EDTA) for 5 min. Then they were gently scraped from the wells,
transferred in tubes and centrifuged at 1000 g for 3 min. Supernatant
was rejected and cells were resuspended in PBS. The sample was then
diluted with DTNB solution, according to the assay instructions, and
absorbance was read at 420 nm in the VMax microplate reader.

The absorbance corresponding to the thiol concentration in the
sample was calculated as

AABS40 = ((ABSsa0* — ABS4z0®) — (ABS450° — ABSy?))

where ABS,,0* is the absorbance of the treated sample, ABS450° is
the control absorbance of untreated cells, and ABS4»," is blank absor-
bance.

2.6. Statistical analysis

Data were analysed using Sigma Plot software (Systat Software
Inc.). Data are shown as mean =* sd for cytotoxicity assays and
mean * sem in all other experiments. Two-sample comparisons were
evaluated by Student's t-test or Mann-Whitney Rank Sum test, as in-
dicated by the software. Two-way ANOVA was carried out using R 3.2.3
software (www.r-project.org). Statistical difference was considered
significant if p < .05 and indicated by * in the figures.

3. Results
3.1. Effect of EGCG on cell viability

EGCG was applied at different concentrations to DU145 and PC3
cells and inhibited proliferation with IC5o = 46 pM and 56 uM in
DU145 cells and PC3 cells, respectively (Fig. 1).
3.2. Ca®* dynamics induced by EGCG and ATP

Fura-2-loaded PC3 and DU145 cells were transiently exposed to

EGCG and showed dose-dependent peaks of [Ca®*]; (Fig. 2).
In both cell types, we compared the EGCG-induced Ca®* rise with
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Fig. 1. Dose-response data of cell viability obtained with the MTT assay after exposure of PCa cells to EGCG for 48 h. Means * s.d of percent MTT-formazan
absorbance and logistic regression lines are shown. In PC3 cells, the ICsq is 56 uM and in DU145 cells, the ICsq is 46 pM.
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Fig. 2. [Ca®*]; level in PCa cells loaded with Fura-2
and exposed to 30 and 100 M EGCG. (A) [Ca®*];
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that triggered by ATP, which mobilizes Ca?* from intracellular stores
by activation of purinergic receptors [17,18]. Both cell types behaved
very similarly, and no appreciable difference was apparent in any re-
spect. As shown in Fig. 3, PC3 cells response to ATP was rapid, reached
a peak in approximately 10 s of perfusion and it was quickly reversed.
In contrast, the effect of EGCG developed more slowly, with delay of
approximately 30 s from starting of perfusion, but was similarly re-
versible. In addition, the effect of ATP was completely independent of
the external Ca®>* concentration, while that of EGCG was significantly
reduced when the external concentration of Ca** was lowered by
adding 2 mM EGTA.

Therefore, we investigated of a possible role played by external
Ca®* in the EGCG effect on cell viability. PC3 cells were exposed to
different EGCG concentrations for 24 h in normal growth medium
without serum or in the same medium containing 1 mM EGTA.
Absorbance values were normalized to their respective control values to
minimize the effect of EGTA on growth and attachment. Dose-response
curves showed a significantly lower effect of EGCG in the absence of
external Ca?™ (ICso = 47 pM, 95% c.i. = 33-67, in the absence of

EGTA; IC5¢ = 316 uM, 95% c.i. = 222-451, in the presence of EGTA)
(Fig. 3C). By using non-normalized data, two-way ANOVA showed a
significant interaction between EGTA and EGCG (F = 36.2, df = 3 and
1, respectively, p < .01), meaning that the effect of EGCG on cell
viability was significantly different in the presence or absence of Ca®™.

These observations show how, different from ATP, the effect of
EGCG was dependent on Ca®* entry, possibly through Ca>* membrane
channels. However, it was particularly interesting to compare two dif-
ferent protocols applied in Fura-2-loaded cells. In the first protocol
(Fig. 3D1), cells were exposed to EGCG in a Ca-free EGTA-containing
solution; the intracellular Ca®>* rise was initially quite small, but ac-
celerated considerably when external Ca>* was restored. This response
was expected if EGCG response depends on external Ca®™ . In the second
protocol (Fig. 3D2), cells were exposed to EGCG in the presence of
Ca?™, after 1 min external Ca?* was removed and EGTA added for
2 min, and finally Ca?* was restored. In this case, the Ca®™ rise pro-
ceeded quite unaltered. This behavior can be explained if external Ca®*
would act as a trigger for Ca®>* rise, whose origin is mainly from in-
tracellular stores.
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Fig. 3. Effect of the external Ca®* concentration on the response to EGCG and ATP in PC3 cells. (A) - [Ca®™ ]; spikes in Fura-2 loaded PC3 cells following transient
exposure to 100 yM EGCG and to 10 uM ATP in 0 and 1 mM external Ca®*. (B) — Summary of the [Ca®*]; increase (ACa = [Ca®" ]geated - [Ca®* Ipasar) following
exposure to 100 uM EGCG and 10 uM ATP in 1 mM external Ca®>* and in 0 added Ca®>* and 2 mM EGTA respectively. Number of experiments are indicated above
each bar. Lines represent sem. * indicates significantly different from control with p < .05. (C) Dose-response data of cell viability obtained as in Fig. 1, after
exposure of PCa cells to EGCG for 24 h in a serum-free medium in control and in the presence of 1 mM EGTA. Absorbance values were normalized to their respective
control values. ICso was 47 uM without EGTA and 316 uM with EGTA. See text for details. (D) Effect of external Ca*>* on EGCG response following two different
protocols. On the left (D1), EGCG (100 uM) is added in 0 Ca®>* + 2 mM EGTA solution and only a small increase of [Ca®*]; is observed, as in the experiments shown
in part (A) and (B) of the figure. Then external Ca®>* was restored to 1 mM and [Ca®" ]; started to rise more substantially. On the right (D2), EGCG was applied in the
presence of 1 mM external Ca?"; after 1 min Ca®* was removed and EGTA (2 mM) added to the external solution for 2 min; finally 1 mM external Ca®™ was restored.

With this protocol, repeated in other 2 similar experiments, [Ca®*]; increased steadily, almost irrespective of the external Ca®>* concentration.

3.3. Search for possible Ca®* channels involved in EGCG-induced Ca®*
rise

In the attempt to identify the Ca®* channels involved, we tried
different agents known to antagonize the diverse types of Ca** chan-
nels (Fig. 4). As previous work has suggested an involvement of T-type
Ca®* channel in EGCG-driven Ca®* rise in different cancer cells
[11,12], first we tried if Ni2™ (30 uM) was able to inhibit the response
to EGCG (30-100 pM), but neither this ion nor the nonhydrolyzable
analogue of mibefradil NNC 55-0396 ([19]; 5 uM, not shown) had
appreciable effect on the EGCG response. The Ca>* spike induced by
100 uM EGCG was likewise not significantly affected by 5 uM 4-methyl-
'-[3,5-bis(trifluoromethyl)-1H-pyrazol-1-yl]-1,2,3-thiadiazole-5-carbox-
anilide (YM-58483), a blocker of store-operated Ca%* entry [20]. Then
we considered a possible contribution of nonselective, Ca®>* permeable
cation channels of the TRP family [21], which have been suggested to
play a role in prostate cancer cell proliferation [22], and are expressed
in human prostate cancer DU145 and PC3 cells [23]. As these channels
are differently modulated by trivalent cations, we tested the effect of
Gd®* (1 uM) and La®* (2-10 uM), but neither antagonized the EGCG
response. These data are summarized in Fig. 4.

Real-time qPCR analysis of mRNAs revealed the presence of Gd>*-

resistant TRPC6 [24], as well as TRPC4, but not TRPC5 genes, in our
PC3 cultures (Fig. 5A). Expression of TRPV6 was also tested at least in 5
experiments, with three different couples of primers, one designed with
Primer Blast, one chosen from literature [25], and the last the Bio-Rad
Assay (see methods), but its presence was never detected.

Despite their expression, a predominant role of TRPC6 channels was
ruled out because this channel is a store-independent diacylglycerol
(DAG)-gated membrane channel [26,27] and the DAG analogue 1-
oleoyl-2-acetyl-sn-glycerol (OAG) failed to enhance, but on the contrary
contrasted, EGCG-driven Ca®* rise (Fig. 5B, C).

The interference exerted by OAG on EGCG effect could suggest the
involvement of TRPC4 channel, since this compound is known to pre-
vent TRPC4 or TRPC5 activation [28]. However, in our system an es-
sential role of TRPC4 channel is unlikely because ML204, a potent, and
selective inhibitor [29] proved largely ineffective in preventing EGCG-
induced Ca®™ rise (Fi g. 5B, C). Therefore, a role of a particular TRPC
channels could not be confirmed.

3.4. Role of redox mechanisms in the EGCG effect

The effect of EGCG was totally abolished in the presence of the
reducing agent DTT (1 mM), which did not modify in any respect the
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Fig. 4. Lack of effect of different modifiers on the response to
EGCG in Fura-2 loaded PC3 cells. (A) [Ca®*]; spikes following
transient exposure to 100 pM EGCG in Fura-2 loaded PC3 cells
in the presence of 30 uM Ni®* (left trace), 2 uM La>* (center
trace) and 1 M Gd3* (right trace). All responses were not
significantly different from that recorded in control condi-
tions. (B) Summary of the effects of 30 and 100 pM EGCG in
PC3 cells in control and in the presence of different agents.
Control experiments are the same as in Figs. 2 and 3. Number
of experiments are indicated above each bar. Lines represent
sem. None of the conditions was significantly different from
control.

30
EGCG (uM)

response to ATP (Fig. 6A, C). This observation suggests that EGCG may
cause oxidation of sulfhydryl bonds and this action may be prevented
by DTT. To get further insight of this effect, we measured the sulfhydryl
bonds in PC3 cells in different conditions by the Ellman method [16].
These experiments confirmed that EGCG can oxidize sulfhydryl bonds
(Fig. 6D).

As EGCG was reported to cause H,O, formation [11,30,31], we also
examined the possibility that exogenous catalase (CAT), which sca-
venges H,0,, may interfere with EGCG effect. When cells were treated
with CAT (500 U/ml) for up to 5 min before and during EGCG addition,
frequently this resulted in a mild potentiation of the EGCG effect on
Ca®™ (Fig. 6B, C), although the intracellular Ca®>* rise in the presence
of CAT was not significantly different from that observed in control.
Nevertheless this demonstrated that the intracellular Ca®* increase is
not mediated by H,O, formation; instead CAT may facilitate EGCG-
driven Ca* rise, possibly because it protects EGCG from oxidation,

similarly to what has been previously observed with superoxide dis-
mutase [32].

3.5. Role of Ca®™ -induced Ca®* release

Because the role of a specific Ca>* channel could not be identified,
but external Ca®>* was important for the EGCG response, we hypothe-
sized that this response was due to rather unspecific entry of small
amounts of Ca®* from outside, which trigger the Ca®*-induced Ca®*
release (CICR) mechanism [33], as already reported with different
agents in these cells [34,35]. In this respect, it appears significant that
dantrolene, a well-known blocker of CICR [36], partially antagonized
the Ca2* rise driven by EGCG (Fig. 7A, C). Dantrolene is a known in-
hibitor of ryanodine receptors (RyRs), but some data argue that it could
affect also inositol 1,4,5-tris-phosphate (IP3) receptors [37]. To estab-
lish a possible involvement of these receptors, we used the aminosteroid
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Fig. 5. (A) Real-time qPCR analysis of TRPC4, TRPC5 and TRPC6 cDNAs. The
graph shows amplification plots of one PCR experiment representing the mean
fluorescence increase during the run. The solid horizontal line represent the
threshold line. Mean Cq values calculated from two different experiments with
three replicates each were 15.49 = 0.03 for B-actin; 30.33 = 0.173 for
TRPC4; N/A for TRPC5; 26.44 + 0.045 for TRPC6.

(B) Time course of [Ca®"]; in Fura-2 loaded PC3 cells following transient ex-
posure to 100 uM EGCG in control and the presence of 5 pM ML204 and 40 uM
OAG.

(C) Summary of the effects of 100 uM EGCG in PC3 cells in control and in the
presence of 5 pM ML204 or 40 pM OAG. Lines represent sem. Number of ex-
periments are indicated above each bar. * indicates p < .05 with respect to
control.

U73122 (1-(6-((173-3-methoxyestra-1,3,5(10)-trien-17-yl)amino)
hexyl)-1H-pyrrole-2,5-dione), a potent inhibitor of phospholipase C
(PLC) enzymes and IP3-mediated Ca?* release. U73122 (1 and 5 M)
completely abolished the Ca®** peak following ATP application and
antagonized significantly also that application of EGCG, confirming the
involvement of PLC in both mechanisms (Fig. 7B, C). On the contrary,
O-tricyclo[5.2.1.02’6]dec-9-yl dithiocarbonate (D609), a selective in-
hibitor of phosphatidylcholine (PC)-specific phospholipase C [38] did
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not antagonize EGCG effect, indicating that this PLC was not involved
(Fig. 70).

4. Discussion

Viability assays performed in this study confirmed cytotoxicity of
EGCG on PCa cells. Our results are in quantitative agreement with
previous data on the same cell lines [39] as well as tests on different
cancer cells [4,11,12] and represent the logical premise for in-
vestigating the role of EGCG as a possible bioactive agent with phar-
macological relevance against PCa. We wanted to characterize the first
step of the functional interaction of EGCG with PCa cells, namely a
dose-dependent internal Ca®* elevation. It is well known that internal
Ca®" level is an important trigger of apoptosis in androgen-in-
dependent prostate cancer cells [40,41]. In PC3 cells, removal of ex-
ternal Ca®>* and supplement with EGTA largely prevented EGCG-driven
Ca®* elevation and significantly reduced the EGCG effect on cell via-
bility, suggesting that the EGCG-driven Ca®>" rise was dependent on
Ca®” influx through an unidentified Ca®>* transport system. Although
in apparent agreement with previous findings, more detailed in-
vestigation highlighted discrepancies with respect to former studies in
different cells. In malignant mesothelioma [11] and breast cancer cells
[12], EGCG was reported to open T-type Ca>* channels, while in this
study, the possibility of an involvement of these Ca®>* channels was
ruled out by the failure of Ni** and of the specific T-type inhibitor
NNC-55-0396 to block the EGCG-induced Ca®* rise.

The involvement of a different Ca®>* channel was expected. It is very
unlikely that voltage-dependent channels may play any role in these
cells and therefore we addressed to Ca®>* channels that can be activated
by diverse stimuli. As largely expressed in advanced prostate cancer, we
first sought for a possible role of TRPV6 [42], but this channel was not
detectable in our cells by RT-qPCR. The insensitivity to YM-58483, a
blocker of store-operated Ca®* entry [20] and to 1 uM Gd>* would
suggest the involvement of Gd®* -resistant Ca®* channel, belonging to
the family of canonical transient receptor potential (TRPC; [21,24]).
Based on previous data on prostate cancer and TRPC channels, we fo-
cused on two representatives of the two main subgroups TRPC2/3/6/7
and TRPC1/4/5, namely the TRPC6 and TRPC4 isoforms [43-45]. The
expression of TRPC6 in these PC3 cells was confirmed by RT-qPCR, but
OAG, a membrane-permeant analogue of DAG, failed to facilitate the
response to EGCG and, opposite to this, caused a reversible decrease of
this response. Because TRPC6 is store-independent DAG-gated mem-
brane channel [27], its role is challenged by this observation. Similarly,
also the expression of TRPC4 was confirmed by RT-qPCR, but the role of
this channel was ruled out by failure of its ML204 selective inhibitor to
abolish the EGCG effect.

So the sole contribution of a particular, fully identified, Ca®*
channel in the EGCG response is questionable because it was impossible
to characterize a pharmacological profile that identify a single Ca*
channel type.

Conversely, the action of EGCG appeared to be linked to the acti-
vation of PLC and involvement of CICR, possibly through sensitization
of RyR [46]. The inhibition induced by U73122 was stronger than that
obtained with dantrolene (Fig. 7), thus supporting the hypothesis of a
CICR mechanism mainly sustained by IPs-mediated intracellular Ca®*
release, but with an essential contribution of RyRs.

Therefore, all data concur to suggest that the effect of EGCG on
cytosolic Ca®* is a multiple step process. This process is initiated by a
limited entry of Ca®>* from the outside, possibly through a mechanism
involving different kinds of Ca®* channels endowed with redox-sensi-
tive sulfhydryls. The sensitivity to redox processes causes a specific and
frequently uncontrolled opening of different kinds of Ca®>* channels
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Fig. 6. Effect of DTT and catalase on the response to
EGCG in Fura-2 loaded PC3 cells. (A) Time course of
[Ca%*]; in Fura-2 loaded PC3 cells following tran-
sient exposure to 100 uM EGCG and to 10 uM ATP in
the presence of DTT (1 mM). The response to 100 pM

20 2 min 30 2ﬂn EGCG is also shown after wash. (B) Time course of
nM nM [Ca?*]; in Fura-2 loaded PC3 cells following ex-
posure to 100 uM EGCG with pretreatment and in
the presence of catalase (500 U/ml) and after wash.
(C) - Summary of the effects of 100 uM EGCG in PC3
cells in control and in the presence and after pre-
treatment with 1 mM DTT or 500 U/ml catalase.
Number of experiments are indicated above each
EGCG —=— ~ ATP — EGCG — EGCG bar. Lines represent sem. * indicates p < .05 with
— CAT respect to control. (D) Measure of sulfhydryl bonds
DTT in PC3 cells in different conditions by the Ellman
method.
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[47]. As EGCG effect was not antagonize by CAT, H,O, formation is
unlikely. On the contrary, our data argue that EGCG oxidizes sulfhy-
dryls through direct binding, rather than through the intermediate of
reactive oxygen species, consistent with the known ability of EGCG to
covalently bind nucleophilic residues of proteins [48]. Subsequently, a
moderate cytosolic Ca®* rise would trigger a greater intracellular Ca®*
mobilization through a CICR mechanism. This latter would be sustained
by an interplay of ryanodine and IP; receptors, similarly to what has
been observed in rat female pain receptors and mouse granulosa cells
[49,50].

Both these two hypothesized segments of the multi-step EGCG effect
correspond to well-known mechanisms of Ca2* dynamics [33]. This
pathway of action can be generalized to other substances capable of
sulfhydryls oxidation and depending on sensitivity of ER receptors and
state of filling of ER stores. A similar mechanism initiated by a mod-
erate Ca>* influx was proposed and demonstrated to occur in PC3 cells
in response to different modulators [34,35] and may be a generalized
mechanism for Ca®* dysregulation in these and other cancer cells.

The assumption of a multi-step process induced by EGCG is in
agreement with induction of a delayed Ca®™ rise with respect to that of
ATP. Our data indicate that ATP acts on PC3 cells through purinergic
receptors [17] and PLC metabotropic process that is independent of
extracellular Ca®* and entirely dependent on intracellular Ca®* re-
lease. This mechanism is much faster than that used by EGCG and in-
volves only Ca®>* mobilization and intracellular Ca®* channels.

Imbalance of cytosolic Ca®* is directly linked to apoptosis in PCa

cells [41], as well as in other cancer cell types [40]. Therefore, it is
likely that the significant reduction of PCa cell viability induced by
EGCG occurs through this kind of mechanism. With ICs,y ranging be-
tween 20 and 100 pM (reviewed in [5]), EGCG cannot be directly
competitive with standard anticancer drugs, but open the possibility for
its use as a synergistic adjuvant in combined therapies [40,51]. This
kind of strategy may be extremely important for recalcitrant malig-
nancies, like androgen-independent PCa, in which maximum tolerated
doses of conventional antitumor drugs, either alone or in combination,
fail to produce resolutive outcome.

5. Conclusions

Our data show that EGCG induces an internal Ca®>" increase in PCa
cells by a multi-step mechanism, initiated by oxidation of sulfhydryls on
membrane Ca®* transport proteins, followed by an enhanced Ca®* leak
from the outside and a more sustained CICR through RyRs, with an
important contribution of IPs-driven Ca®* release from the en-
doplasmic reticulum. The requirement of a moderate Ca®>* entry for a
basically intracellular mediated mechanism of Ca®>* release is likely to
be typical of non-excitable cells. These data argue for the possible use of
EGCG as a coadjuvant in the treatment of recalcitrant PCa, and in ad-
dition suggest that the alleged health benefit of green tea for cancer
prevention and cure may be linked to synergistic intervention of dif-
ferent factors including internal Ca®* dysregulation.
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Fig. 7. Effect of internal Ca®>* modifiers on EGCG and ATP effect. (A) Time course of [Ca®* ]; in Fura-2 loaded PC3 cells following exposure to 100 uM EGCG and the
transient application of dantrolene (10 uM). (B) Time course of [Ca®*]; in Fura-2 loaded PC3 cells following transient exposure to 10 uM ATP or 100 uM EGCG in
control and after pretreatment and in the presence of 5 uM U73122. (C) Summary of the effects of 10 uM ATP and 30 or 100 uM EGCG in PC3 cells in control and in
the presence and after pretreatment with 1 and 5 pM U73122, and effect of 100 uM EGCG with 5 uM D609 or 10 uM dantrolene. Lines represent sem over 3
experiments with U73122 or number of experiments indicated above each bar. * indicates p < .05 with respect to control.
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