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Abstract
In present study, we evaluated grape seed extract (GSE) efficacy against bladder cancer and
associated mechanism in two different bladder cancer cell lines T24 and HTB9. A significant
inhibitory effect of GSE on cancer cell viability was observed, which was due to apoptotic cell
death. Cell death events were preceded by vacuolar appearance in cytoplasm, which under
electron microscopy was confirmed as swollen mitochondrial organelle and autophagosomes.
Through detailed in vitro studies, we established that GSE generated oxidative stress that initiating
an apoptotic response as indicated by the reversal of GSE-mediated apoptosis when the cells were
pre-treated with antioxidants prior to GSE. However, parallel to a strong apoptotic cell death
event, GSE also caused a pro-survival autophagic event as evidenced by tracking the dynamics of
LC3-II within the cells. Since the pro-death apoptotic response was stronger than the pro-survival
autophagy induction within the cells, cell eventually succumbed to cellular death after GSE
exposure. Together, the findings in the present study are both novel and highly significant in
establishing, for the first time, that GSE-mediated oxidative stress causes a strong programmed
cell death in human bladder cancer cells, suggesting and advocating the effectiveness of this non-
toxic agent against this deadly malignancy.
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1. Introduction
Bladder cancer is marred by recurrence (Lattouf, 2009; Leppert et al., 2006; Tanaka et al.,
2011), and statistics for life time risk assessments in the US indicate that 1 in 42 persons
(men and women) will have bladder cancer in their life (http://seer.cancer.gov/faststats.,
2013). ACS’ estimates for 2013 report ~72,570 new bladder cancer cases and 15,210
associated deaths in the US, making it the fourth most common form of cancer in men
(American Cancer Society, 2013). The incidence in women is slightly less; bladder cancer
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being the eighth most common cancer. The probability of developing this cancer increases
with age; the mean age at diagnosis being ~73 years (http://seer.cancer.gov/faststats., 2013).
Importantly, among all the different types of cancers, bladder cancer shows a significantly
high incidence of recurrence after treatment, and thus is recognized as the most expensive
cancer to be treated depending on the costs incurred per patient basis (Lattouf, 2009; Leppert
et al., 2006; Tanaka et al., 2011). Thus, the challenges associated with prevention and
treatment of this recurrent malignancy will increase with time, due to better age expectancy
in our population (Lattouf, 2009; Leppert et al., 2006; Tanaka et al., 2011). Due to delayed
clinical manifestation, bladder cancer has been recognized, now, to be preventable, if
effective measures are taken using chemoprevention strategies (Tanaka et al., 2011).
Adoption of chemoprevention approach may not necessarily eliminate bladder cancer
lesions; however, it could delay the on-start of progression to a clinical stage, and in turn,
improve the overall life of elderly patients for whom therapeutic/clinical interventions are
not ideal (Tanaka et al., 2011).

In this regard, new modalities for chemoprevention are being investigated against bladder
cancer, which involve screening natural, non-toxic, dietary/non-dietary agents for their anti-
bladder cancer potential (Lattouf, 2009; Leppert et al., 2006; Tanaka et al., 2011). Grape
seed extract (GSE) is one such natural agent, which has shown great potential as a
chemopreventive and anti-cancer agent, in pre-clinical settings, against various malignancies
(Agarwal et al., 2002; Agarwal et al., 2004; Kaur et al., 2009; Kaur et al., 2006; Kaur et al.,
2008; Raina et al., 2007; Tyagi et al., 2003; Velmurugan et al., 2010a; Velmurugan et al.,
2010b). However, it is not known yet, whether GSE also has efficacy against bladder cancer.
GSE is a complex polyphenolic mixture that comprises of dimers, trimers and other
oligomers (procyanidins) of catechin (C) and epicatechin (EC) and their gallate derivatives,
which together are known as procyanidins (Kaur et al., 2009a). Our research team has
isolated and characterized various active constituents of GSE, mainly bioactive procyanidins
(structures published in cited references), using chromatographic separation and electrospray
ionization liquid chromatography spectrometry as well as LC-MS analysis and, then
screened the biological efficacy of fractions against prostate cancer cells (Veluri et al., 2006;
Agarwal et al., 2007; Chou et al., 2010). Gallic acid, one of the biologically active constitute
of GSE, showed its efficacy against prostate cancer (Raina et al., 2008; Kaur et al., 2009b).
Furthermore, completed studies by us have recently identified that procyanidin B2-3,3′-di-
O-gallate (B2G2), which causes growth inhibition and apoptotic death of human prostate
carcinoma cells, is a major active constituent of GSE as compared to two mono-gallate
esters namely B2-3-O-gallate (B2-3G) and B2-3′-O gallate (B2-3′G) and the parent
compound procyanidin B2 (Veluri et al., 2006; Agarwal et al., 2007; Chou et al., 2010).

Importantly, GSE is already marketed as a dietary supplement due to its favorable health
benefits (Kaur et al., 2009a), thus any positive outcomes against bladder cancer can be of
immediate translational significance. For this purpose, in the present study, we sought to
establish the effect of GSE against two different urinary bladder cancer cell lines viz., T24
and HTB9, representing stage I and stage II malignancy, respectively, and to delineate
associated mechanism of its efficacy.

2. Materials and Methods
2.1. Cell Culture and Treatments

Human bladder cancer T24 and HTB9 cells were cultured in DMEM and RPMI media,
respectively, containing 10% FBS and 1% penicillin-streptomycin under standard culture
conditions. At 50–60% confluency, cells were treated with different doses of GSE (25–100
μg/mL final concentration for treatment) in DMSO or with DMSO alone. Unless specified
otherwise, DMSO concentration in medium was 0.1% (v/v). Following desired treatments,
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cell growth and viability was assayed as described earlier (Agarwal et al., 2003). In other
experiments, following desired treatments, cell cycle distribution was analyzed by FACS
analysis, utilizing the core service of the University of Colorado Cancer Center (Aurora,
CO), as described earlier (Agarwal et al., 2003). For the determination of DNA
fragmentation (apoptotic population), these cell pellets were subjected to Annexin V and PI
staining using Annexin V Apoptosis Assay kit (Molecular Probes) and then analyzed for
apoptotic death by FACS analysis. In experiments using inhibitors (anti-oxidants and 3MA),
cells were pre-treated with inhibitors for 2 h followed by GSE treatment. Bafilomycin A1
(BAFA1) was added to the media in the last 4 h of GSE treatment. For autophagic flux
determination, lysosomal inhibitors E64d and pepstatin A were added to the media with
GSE and incubated for respective time-periods. Furthermore, total cellular lysates were
prepared, their protein concentrations determined, and then analyzed by western blot (WB)
using chemiluminescence ECL detection method as described previously (Agarwal et al.,
2003). Some blots were multiplexed or stripped and reprobed with different antibodies
including those for loading control.

2.2. Identification of ROS generation
Generation of intracellular and mitochondrial superoxide radical was measured using
Dihydroethidium (DHE) and MitoSOX dyes, respectively. Briefly, after desired treatment,
cells were incubated either with 5 M DHE or MitoSOX for 20 min at 37°C and then
observed under fluorescent microscope, or harvested and analyzed immediately via FACS
analysis, respectively.

2.3. Identification of Autophagy Induction
Published guidelines were followed to correctly identify autophagy induction (Bampton et
al., 2005; Kimura et al., 2009; Klionsky et al., 2008; Mizushima, 2004; Mizushima and
Yoshimori, 2007). For visualization of intracellular vacuoles, either Acridine orange (1 μg/
mL) for 10 min or monodansylcadaverine (MDC) was applied to the cells at 50 μM for 30–
45 min. Following MDC exposure, cells were incubated for 10 min with NH4Cl (to reduce
lysosomes from being stained) and washed with PBS containing 10% FBS, twice, and
unfixed cells were directly observed under fluorescent microscope (Hoyer-Hansen et al.,
2005; Munafo and Colombo, 2001). Transmission electron microscope (TEM, FEI Technai
G2 BioTwin at 80KV) was used to visualize cellular vacuoles and other cellular changes,
and images were captured with Gatan First Lite digital camera (Eskelinen, 2008; Klionsky et
al., 2008; Mizushima and Yoshimori, 2007; Yla-Anttila et al., 2009).

2.4. Statistical analysis
Statistical significance of differences between respective controls and treated samples were
calculated by one-way ANOVA followed by a Bonferroni’s test using SigmaStat version 3.5
software (Jandel Scientific, San Rafael, CA), and both sided P values of ≤ 0.05 were
considered significant. The data in most of the cases are representative of at least 3–4
independent studies with reproducible results.

3. Results
3.1. GSE Causes Growth Inhibition of Human Bladder Cancer Cell Lines

It was observed by Trypan blue dye exclusion method that treatment of bladder cancer cells
with GSE not only results in growth inhibition of T24 and HTB9 cells in a dose- and time-
dependent manner, but also causes an increase in dead cell population at both 24 and 48 h of
treatments (Fig. 1). As shown in figure 1A (left panel), GSE at 25, 50 and 100 μg/mL doses
resulted in 10–53% (P<0.001, for both 50 and 100 μg/mL doses) and 18–82% (P<0.001, for
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both 50 and 100 μg/mL doses) growth inhibition of T24 cells after 24 and 48 h of
treatments, respectively. Concomitantly, there was an increase in the T24 dead cell
population following 24 and 48 h of GSE treatments at 25, 50 and 100 μg/mL doses which
accounted for ~4–16 fold and ~5–25 fold (P<0.05-P<0.001) increase in dead cell population,
compared to controls, respectively (Fig. 1A, right panel). GSE also caused a significant
growth inhibition in HTB9 cells ranging from 28–59% (P<0.001) and 56–85% (P<0.001) at
25, 50 and 100 μg/mL doses after 24 and 48 of treatments, respectively (Fig. 1B, left panel).
In addition, GSE also increased dead cell population [~ 8–16 folds (P<0.001) and ~ 7–10
folds (P<0.001)] of HTB9 cells under identical treatment conditions at 24 and 48 h,
respectively (Fig. 1B, right panel). The undetectable debris of dead cells either at higher
doses or with increased exposure to GSE attributed to lower death counts for HTB9 cells in
the data analysis.

3.2. GSE Induces Cell Cycle Arrest and Apoptotic Death in Human Bladder Cancer Cells
Since GSE treatment caused a significant growth inhibitory effect in T24 and HTB9 cells,
we further proceeded to conduct a cell cycle distribution analysis to determine whether GSE
was causing significant growth arrest in these cells. Results showed that GSE causes a
significant accumulation of cells in G1-phase in cell cycle progression of T-24 cells and a
strong G2-M-phase arrest in case of HTB9 cells at higher doses (data not shown). Since
GSE treatment also caused a strong death of both T24 and HTB9 cells, the growth arrest by
GSE was not thought to be the major cause of decreased cell number in both cancer cell
lines. We next assessed the nature of GSE-induced cell death by quantitative apoptosis assay
using AnnexinV/PI staining of bladder cancer cells followed by FACS analysis (Fig. 2).
Compared to untreated controls, GSE doses (50–100 μg/mL) caused a strong dose- and
time- dependent apoptotic cell population [~31–54% (P<0.001) and ~62–72% (P<0.001)] in
T24 cells after 24 and 48 h treatments, respectively, compared to DMSO controls showing
2–4% apoptotic cells (Fig. 2A, left panel). However, a 25 μg/mL dose of GSE was unable to
cause any significant apoptotic death in T24 cells. A strong apoptotic death was also caused
by 25, 50 and 100 μg/mL GSE doses in HTB9 cells under the same treatment conditions
(Fig. 2B, left panel), accounting for ~26–54% (P<0.001) and ~25–65% (P<0.001) apoptotic
death following 24 h and 48 h treatments, respectively, compared to 6–10% in DMSO
controls. Significant apoptotic death induced by GSE in these bladder cancer cells was also
associated with a dose- and -time- dependent increase in the expression of apoptosis related
molecules such as, cleaved caspase-3 and -9, cleaved-PARP, and a decrease in the
expression of anti-apoptotic molecule Mcl-1(Fig. 2A & B, right panels). The time-
dependent increase in cleaved-PARP also indicated that apoptosis was an early event; as
early as 6 h in T24 cells, while in HTB9 cells it occurred around 12 h.

3.3. GSE Causes Intense Cytoplasmic Vacuolization
During the course of the study, we observed under the microscope that GSE treatment
causes the appearance of vacuoles in the cytoplasm of these bladder cancer cells (Fig. 3).
Specifically, vacuoles started to be visible from 12 h onwards in T24 cells; the vacuoles
became larger and their numbers/cell increased with treatment time (Fig. 3A, left panel). In
case of HTB9 cells, smaller vacuoles, than that observed in T24 cells, were visible at 24 h,
which were more conspicuous after 48 h of GSE exposure (Fig. 3B, left panel).

3.4. GSE Induces Autophagy in Human Bladder Cancer Cells
To determine whether the cytoplasmic vacuoles observed in these bladder cancer cells after
GSE exposure, were due to autophagy induction, specific experiments were carried out to
determine their type and origin. An important observation for autophagy induction by GSE
was a significant accumulation of MDC and punctate type staining for Acridine orange
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(autophagolysosomal markers) in the cytoplasm and perinuclear region of GSE-treated
bladder cancer cells (Fig. 3A & B). Furthermore, we examined the morphology of T24 cells
by TEM [the gold-standard for determining autophagy] (Klionsky et al., 2008) to understand
the type and origin of the cytoplasmic vacuoles generated after exposure to GSE in these
cells. The vacuoles were either enlarged/swollen mitochondria (identified by invaginations
on the vacuolar edges) or were autophagic vacuoles (with double- or multi-membranes)
type, which were filled with sequestered cellular organelles and digested material (Fig. 4).
The GSE induced autophagy was also indicated by a significant dose- and time-dependent
increase in LC3-II/LC3-I ratio, in both these bladder cancer cell lines (Fig. 5A & B).
Furthermore, it was confirmed that the induced autophagy matured to completion as the
LC3II turnover markedly increased by exposure of these cells to GSE in presence of a
combination of lysosomal inhibitors E64d and pepstatin A (Fig. 5C). Next we performed
additional studies to determine whether the autophagy caused by GSE in bladder cancer
cells is initiated in response to pro-death or pro-survival signals. Co-treatment with early
autophagy inhibitor 3MA [blocks early phase of autophagy induction] significantly
increased GSE-mediated apoptosis in both T24 (Fig. 6A, left panel) and HTB9 (Fig. 6B, left
panel) cells. The increase in apoptosis was also corroborated by increased expression of
cleaved-PARP with GSE treatments in presence of 3MA in T24 cells, at both 12 and 24 h of
GSE treatment (Fig. 6A, right panel). In HTB9 cells, under similar treatment conditions,
cleaved-PARP expression, though increased at 12 h time point, was later decreased at 24 h
(Fig. 6B, right panel). The reason for the decrease in cleaved-PARP expression could be
attributed to significant accumulation of late stage apoptotic dead cells at this time point,
which thus failed to contribute to an increase in the protein expression of cleaved-PARP. In
additional studies, treatment with late autophagy inhibitor BAFA1 [blocks fusion of
autophagosomes with lysosomes] (Kondo and Kondo, 2006), while inhibiting last phase of
autophagy, also increased GSE mediated apoptosis in T24 cells (Fig. 6A, right bottom
panel), as indicated by an increase in the expression of cleaved-PARP; however, its effect
on apoptosis in HTB9 cells was not evident (Fig. 6B, right bottom panel). Together, these
results indicate that induction of autophagy by GSE protected the cells from more apoptotic
death, and that inhibition of autophagic events increased apoptosis in these bladder cancer
cells.

3.5. GSE causes ROS generation in Human Bladder Cancer Cells
To determine whether GSE causes oxidative stress in these bladder cancer cells, we stained
the cells with DHE dye, which undergoes oxidization in presence of superoxide radical to
yield bright red fluorescence. Epifluorescence studies indicated that in DMSO control cells,
while there was an evidence of red nuclear ethidium-fluorescence, its intensity was not as
strong and significant as observed in GSE-treated cells (both T24 and HTB9), indicating the
generation of superoxide radical in the presence of GSE (Fig. 7A & B, left upper panels).
Furthermore, FACS analysis also revealed a time-dependant increase in MitoSOX-
fluorescence intensity in GSE-treated cells, indicative of mitochondrial superoxide
generation (Fig. 7A & B, right upper panels). Studies using the DCFH2-DA dye, for H2O2
detection, did not show any increase in fluorescence after GSE exposure (data not shown),
indicating that ROS generated was specifically of the superoxide radical type.

3.6. GSE-caused Oxidative Stress Serves as a Trigger for Apoptosis and Autophagy in
Human Bladder Cancer Cells

In order to confirm that the oxidative stress was generated well before any other
morphological and/or biological changes occurred in these bladder cancer cells after GSE
exposure, and that the oxidative stress generated served as a trigger for both apoptotic and
autophagic responses, we pre-treated bladder cancer cells with anti-oxidants prior to GSE
exposure. Specifically, to determine whether ROS generation was involved in the apoptotic
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response initiated after GSE treatment, cells were pretreated with ROS scavengers N-acetyl
cysteine (NAC) and metalloporphyrin: Mn(III)tetrakis (4-Benzoic acid) porphyrin chloride
(MnTBAP) and the effect on apoptotic cell death mediated by GSE was determined. The
results indicated that indeed ROS generation served as a trigger for apoptosis as indicated by
significant reversal of GSE-caused apoptotic death by these anti-oxidants (Fig. 7A & B, left
bottom panels). Interestingly, GSE exposure in presence of these ROS scavengers also
decreased autophagic events in these bladder cancer cells as indicated by a decrease in LC3-
II/LC3-I ratio (Fig. 7A & B, right bottom panels).

4. Discussion
The discovery and development of agents, especially natural, non-toxic, anti-cancer and
chemopreventive agents, which target growth and development of bladder cancer cells,
might provide opportunities in bladder cancer management. (Lattouf, 2009; Leppert et al.,
2006; Tanaka et al., 2011). Pre-clinical studies by us and others have identified GSE as one
such ant-cancer and chemopreventive agent, which due to its pleiotropic mechanisms, has
the ability to inhibit proliferation and induce apoptosis in various human cancer cells (Kaur
et al., 2009a). Results of the present study, however, for the first time, identified that GSE
causes a strong growth inhibition of human bladder cancer cell lines T24 and HTB9, which
is accompanied by a strong and significant apoptotic death. Importantly, growth inhibition
was not observed in normal cells (NHEK and NCM460) even at higher doses of GSE
(Shrotriya et al., 2012; Derry et al., 2013). Interestingly, the apoptotic death events in
bladder cancer cells were preceded by vacuolar appearance in the cytoplasm. We, therefore,
explored the possibility of GSE also inducing autophagic events in the cytoplasm; which
resulted in the appearance of vacuoles within the bladder cancer cells. Specific experiments
to explore this possible biological event, employing MDC and Acridine orange dye
accumulation in the cells, indicated towards the possibility that GSE might be causing
autophagy in these bladder cancer cells. Tracking the dynamics of LC3-II within the cells,
together with electron microscopy assessment further confirmed that indeed GSE was
causing autophagy induction in conjunction with apoptosis in these cells. Whether this
autophagic response was being initiated in response to pro-death or pro-survival signal was,
however, not clear. Use of early and late autophagy inhibitors during GSE exposure
increased the apoptotic population of cells, confirming that autophagic response was being
generated in these cancer cells as a pro-survival mechanism, and thus, when autophagic
initiation or its completion was interfered, cells were shifting more towards apoptosis.

Another possible explanation that could be attributed to the appearance of vacuoles was that
the cells were under oxidative stress after GSE treatment, which in turn was causing
enlargement of cellular organelles, especially mitochondria, reflected in terms of vacuolar
appearance. Additional studies exploring this possible phenomenon revealed that GSE was
indeed causing ROS generation (both cytoplasmic and mitochondrial) in these cells. Since
oxidative stress occurred well before any other morphological changes, it was evident that
oxidative stress was not a result but preceded apoptotic cell death. The oxidative stress
generated was in fact initiating an apoptotic response as indicated by a reversal of GSE
mediated apoptosis when the cells were pre-treated with ROS scavengers prior to GSE
exposure. Since apoptosis and autophagy can occur simultaneously or independent of each
other in a cellular system, we further explored the connection between the two events in
these cancer cells (Gozuacik and Kimchi, 2004; Kondo and Kondo, 2006; Reggiori and
Klionsky, 2005; Thorburn, 2008). Interestingly, pretreatment of bladder cancer cells with
ROS scavengers not only decreased apoptosis in these cancer cells but was able to decrease
the autophagic response generated in these cells during the exposure to GSE. Together, these
results indicated that GSE caused oxidative stress in bladder cancer cells, which initiated a
strong apoptotic response in these cells; however, parallel to such a significant apoptotic cell
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death event, it also caused a pro-survival autophagic event (Gozuacik and Kimchi, 2004;
Kondo and Kondo, 2006; Reggiori and Klionsky, 2005; Thorburn, 2008). Since the pro-
death apoptotic response was stronger than the pro-survival autophagy induction within the
cells, cell eventually succumbed to cellular death after GSE exposure.

Together the findings in the present study are both novel and highly significant in
establishing, for the first time, that GSE causes a strong programmed cell death in human
bladder cancer cells, suggesting and advocating the effectiveness of this non-toxic agent
against this deadly malignancy. Clinical study conducted on hypercholesterolemic patients
showed that GSE reduced oxidized LDL, a known biomarker of cardiovascular disease
(Bagchi et al., 2003); moreover, GSE is in Phase 1 clinical trial in breast cancer patients.
Considering that GSE consumption is safe (Kaur et al., 2009a) and its active component
epicatechin have high bioavailability (172 ng/ml) in plasma within 2 h of 1–2 g of GSE
ingestion in humans (Prasain et al., 2009; Eich et al., 2012), GSE efficacy should be studied
in detail in preclinical in vivo models of human bladder cancer.
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GSE grape seed extract

TEM transmission electron microscopy

ROS reactive oxygen species

DHE Dihydroethidium

MDC monodansylcadaverine

NAC N-acetyl cysteine

MnTBAP metalloporphyrin: Mn(III)tetrakis (4-Benzoic acid) porphyrin chloride

BAFA1 Bafilomycin A1
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Highlights

For the first time, we showed a strong anti-cancer efficacy of grape seed extract
(GSE) in human bladder cancer cells.

Mechanistic studies showed that GSE causes generation of superoxide radical in
human bladder cancer cells.

GSE-caused oxidative stress leads to autophagy and a strong apoptotic cell death in
human bladder cancer cells.
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Figure 1. Growth inhibitory effects of GSE against human bladder cancer cells
GSE inhibits growth and induces death in A) T24 and B) HTB9 cells in both dose- and time-
dependent manner. Cells (1.05 × 105) were plated in 60 mm dishes, treated with DMSO
(control) or different doses of GSE, and after 24 and 48 h, cells were harvested and counted
using Trypan Blue assay as detailed in ‘Materials and Methods’. GSE; grape seed extract, *,
P<0.001; $, P<0.05.
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Figure 2. GSE induces apoptotic death in human bladder cancer cells
A, left panel) T24 cells and B, left panel) HTB9 cells were treated with DMSO (control) or
GSE for the mentioned time and dose. At the end of the treatments, both adherent and non-
adherent cells were harvested and collected by trypsinization, washed with PBS and the cell
pellets were stained with Annexin V- propidium iodide and processed by FACS analysis to
measure apoptotic cell counts. A, right panel) T24 cells and B, right panel) HTB9 cells were
subjected to respective treatments with GSE and then their cellular lysates were analyzed by
Western immunobloting. Membranes were probed with cleaved caspase-3 and -9, cleaved
PARP, and Mcl-1 antibodies followed by peroxidase-conjugated appropriate secondary
antibody and visualized by ECL detection system. Equal protein loading was confirmed by
stripping and re-probing the membranes with β-actin. All experimental procedures and
statistical analysis were performed as detailed in ‘Materials and Methods’ section. GSE;
grape seed extract, *, P<0.001; $, P<0.05.
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Figure 3. Microscopic visualization of cellular morphology and autophagy induction after
treatment of human bladder cancer cells with GSE
Representative photomicrographs of A, left panel) T24 cells and B, left panel) HTB9 cells
depicting intense cytoplasmic vacuolization due to GSE (50 μg/mL) treatment. A & B,
middle panels) Effect of GSE on MDC incorporation in T24 and HTB9 cells, respectively.
A & B, right panels) Effect of GSE on Acridine orange accumulation (punctate orange
staining) in T24 and HTB9 cells, respectively.
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Figure 4. Visualization of autophagy induction under transmission electron microscopy (TEM)
in T24 cells after GSE treatment
All experimental procedures were performed as detailed in ‘Materials and Methods’ section.
N, nucleus; C, cytoplasm; M, mitochondria; SM, swollen mitochondria; AV, autophagic
vacuoles; DM, digested material. GSE (GSE dose 50 μg/mL).
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Figure 5. Effect of GSE on autophagy induction in human bladder cancer cells
A) Dose-dependent, B) Time-dependent effect of GSE on the expression levels of LC3-I and
LC3-II. C) Effect of GSE on the turn over of LC3-II after co-treatment with lysosomal
inhibitors (E64d and pepstatin A). Equal protein loading was confirmed by stripping and re-
probing the membranes with β-actin. All experimental procedures and statistical analysis
were performed as detailed in ‘Materials and Methods’ section. GSE (GSE dose 50 μg/mL)
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Figure 6. Effect of autophagy inhibitors on GSE-induced apoptotic cell death in human bladder
cancer cells
A–B, left panels) Effect of co-treatment with early autophagy inhibitor 3MA on apoptotic
induction by GSE in T24 cells and HTB9 cells, respectively. A–B, right upper panels)
Effect of co-treatment with early autophagy inhibitor 3MA and GSE on cleaved-PARP
expression in T24 cells and HTB9 cells, respectively. A–B, right lower panels) Effect of co-
treatment with late autophagy inhibitor BAFA1 on cleaved-PARP expression in T24 cells
and HTB9 cells, respectively. Equal protein loading was confirmed by stripping and re-
probing the membranes with β-actin. All experimental procedures and statistical analysis
were performed as detailed in ‘Materials and Methods’ section. GSE (GSE dose 50 μg/mL).
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Figure 7. Effect of GSE on reactive oxygen species (ROS) generation and its consequences on
biological events in human bladder cancer cells
A–B, left upper panels) Effect of GSE on intracellular superoxide radical generation as
measured using Dihydroethidium (DHE) dye. A–B, right upper panels) Effect of GSE on
mitochondrial superoxide radical generation as measured using FACS analysis after
MitoSOX dye staining. A–B, left lower panels) Effect of co-treatment of antioxidants on
apoptotic induction by GSE. A–B, right lower panels) Effect of co-treatment of antioxidants
on expression levels of LC3-I and LC3-II in the presence of GSE. All experimental
procedures and statistical analysis were performed as detailed in ‘Materials and Methods’
section. GSE (GSE dose 50 μg/mL).
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