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Impact statement

Alternative agents that will increase the
effectiveness of cisplatin, which are widely
used in the advanced stage and metastatic
bladder cancer, are being investigated. In
previous studies, Cucurbitacin B (CuB),
which is a natural compound from the
Cucurbitaceae family has been shown to
inhibit the proliferation of tumor cells and
create synergistic effects with cisplatin. In
this study, we investigated the synergistic
effect of CuB with cisplatin for the first time
in bladder cancer in vitro and in vivo
models. Our findings showed that CuB
treatment with cisplatin reduced cell pro-
liferation, and reduced tumor development
through activating apoptosis and autoph-
agy via PIBK/AKT/mTOR signaling path-
way. Our results showed that CuB may be
a new agent that can support conventional
treatment in bladder cancer. Our study is
important in terms of enlightening new
pathways and developing new treatment
methods in the treatment of bladder
cancer.

Abstract

Cisplatin-based chemotherapy is the standard regimen for bladder cancer patients, but its
effectiveness is limited by high toxicity and the development of drug resistance. It has been
reported in many studies that Cucurbitacin B has anti-carcinogenic effects by stimulating
apoptosis and autophagy. Here we explored the potential role of cucurbitacin B on MB49
bladder syngeneic mouse tumor model. Single and combined doses of cucurbitacin B and
cisplatin were applied to MB49 cell line and the cell viability was determined by Water-
Soluble Tetrazolium Salt-1 (WST) method. After developing the tumor model, mice were
randomly divided into four groups and then cucurbitacin B and cisplatin applied in the
specified doses and time. The expression levels of apoptosis (Bcl-2, Bax, Caspase-3,
cleaved Caspase-3) and autophagy proteins (Beclin-1 and LC3I, LC3Il) were detected by
Western Blot. Phospho-protein array analysis was performed to determine the relative
levels of phosphorylation of proteins which are associated with the PIBK-Akt signaling path-
way. Tumor tissues were analyzed by hematoxylin-eosin staining. In the present study, the
results showed that cucurbitacin B inhibited the expression of Bcl-2 and increased the
expression of Bax and cleaved Caspase 3. LC3Il is markedly up-regulated in cucurbitacin
B-treated cells. Cucurbitacin B reduced the phosphorylation of p27, PRAS40, and Raf-1
proteins. CuB + Cis combination synergistically decreased phosphorylation of AKT, ERK1/

ERK2, mTOR, BAD levels and increased the level of AMPKa. PISK/AKT/ mTOR pathway might be one of the targets of cucurbi-
tacin B in MB49 bladder cancer mouse model. CuB + Cis combination reduced the tumor growth. Cucurbitacin B has no toxic
effects on lung, liver, kidney, heart, and bladder. Indeed, cucurbitacin B can inhibit the tumor proliferation; induce caspase-
dependent/-independent apoptosis and autophagy. Our study provided a novel perspective to research the effects of cucurbi-
tacin B on the apoptotic and autophagic pathways in bladder cancer and a new target class for drug development.

Keywords: Bladder cancer, cucurbitacin B, apoptotic proteins, autophagic proteins, syngeneic mouse models, combination
therapy

Experimental Biology and Medicine 2020; 245: 805-814. DOI: 10.1177/1535370220917367

ISSN 1535-3702
Copyright © 2020 by the Society for Experimental Biology and Medicine

Experimental Biology and Medicine 2020; 245: 805-814


https://orcid.org/0000-0001-5129-2515
mailto:ecemercanoglu@yahoo.com

806 Experimental Biology and Medicine Volume 245 May 2020

Introduction

Bladder cancer is a malignancy that is responsible for a
significant proportion of cancer deaths around the world.
According to the Global Cancer Statistics 2018 data,!
549,000 new bladder cancer cases and 200,000 deaths are
expected worldwide. Combined treatments involving cis-
platin (Cis) have been used effectively for many years as
first-line therapy in the treatment of advanced and meta-
static bladder cancers. Although, cisplatin is of vital impor-
tance in the treatment of metastatic bladder cancer,
response rate to cisplatin-based treatments is about 50%
and the disease recurs in the majority of individuals receiv-
ing this treatment.” Also, frequent development of drug
resistance and toxicity reduces clinical administration and
effectiveness of cisplatin.>* While drug combinations do
increase the efficacy of treatment by reducing the harmful
effects, their administration is subject to further research.*”

Cucurbitacins are a group of tetracyclic triterpenoids
that are widely isolated from the Cucurbitaceae plant
family. These natural compounds have been used as a
traditional treatment for centuries due to their anti-
inflammatory, anti-microbial, anti-diabetic, and anti-
cancer properties. They are separated into 12 groups due
to diversity in their molecular composition.®” Among
these, terpenoid cucurbitacin B (CuB) is the most studied
type owing to its anti-tumor effects in in vitro and in vivo
studies.”™ Some of these studies have shown that CuB
arrests cell cycle at certain stages according to the type of
cancer cells and activates the cell death pathways.>”~'* CuB
has been shown to induce apoptosis via Bcl-2 family pro-
teins (decreased anti-apoptotic Bcl-2 and increased pro-
apoptotic Bax) by inhibiting the CIP2A /PP2A /Akt; JAK2
/STAT3 and MAPK pathways.>"*"® In some cancer cell
lines it has been shown that reactive oxygen species pro-
duced by CuB causes DNA damage and autophagy.'*'¢ Tt
has also been reported that CuB activates autophagy by the
mammalian target of rapamycin complex 1 (mTORCI)
inhibition in the cisplatin-resistant gastric cancer cell
line."” Combined administration of CuB and cisplatin has
been shown to increase the effectiveness of cisplatin by cre-
ating a synergistic effect in various tumor models.>**1? In
these tumor models, it was shown that combined applica-
tions increase cell proliferation inhibition, cell cycle arrest,
and apoptosis more effectively than individual applica-
tions.®® Although apoptosis is the main cause of death
from chemotherapy, autophagic cell death is another sig-
nificant cause of death. Autophagy may result in either cell
survival or cell death. This situation depends on the type of
cancer, the genetic background of cancer cells or the exter-
nal stress conditions to which the cells are exposed. Beclin-
1, which is a member of the Class III PI3K complex, plays a
role in the formation of double autophagosome mem-
branes.'® While microtubule-associated protein light chain
3-1 (LC3-I) is dispersed in the cytoplasm, lipid-added LC3
(LCB-II) begins to accumulate in newly formed autophago-
some membranes and is used as a marker for monitoring
autophagy."’

To date, there are not any studies performed to investi-
gate the effects of CuB-only or CuB+ Cis combination

treatment on bladder cancer. We aim to investigate the
effects of CuB and Cis combined treatment targeting pro-
tein expression levels of apoptotic pathway proteins — Bcl-
2, Bax, Caspase-3, Cleaved (Cl) Caspase-3- and autophagy
pathway proteins—Beclin-1 and LC3I, LC3lI—on MB49
bladder syngeneic mouse tumor model. In addition, we
aimed to unveil the reason why CuB-only or CuB + Cis
combination-treated tumor cells are prone to apoptosis or
autophagy by analyzing the phosphorylated profiles of
phosphatidylinositol ~ 3-kinase (PI3K)/AKT signaling
pathway.

Materials and methods

Reagents and antibodies

We studied with CuB (98% purity) and Cis (95% purity)
purchased from Cayman (Ann Arbor, MC, USA). Both
agents were dissolved in dimethyl sulfoxide (DMSO) and
stock concentrations were prepared at 18 mM and 33 mM
respectively and then stored at —20°C up to utilization.
Fetal bovine serum (FBS), penicillin-streptomycin,
phosphate-buffered solution (PBS), and 0.25% trypsin
were bought from Biological Industries (Cromwell, CT,
USA). Antibodies to Bcl-2, Bax, Beclin-1, B-actin were
bought from Bioassay Technology Laboratory (Shanghai,
China); Caspase-3, Cl Caspase-3, LC3l, and LC3II were
bought from Cell Signaling Technology (Beverly, MA,
USA). Horseradish Peroxidase (HRP)-conjugated goat
anti-rabbit IgG was bought from Bioassay Technology
Laboratory (Shanghai, China).

Cell line and cell culture

MB49 cell line was kindly provided by Dr. Giines Esendagl
(Hacettepe University, Cancer Institute, Department of
Basic Oncology). MB49 cells were cultured with RPMI-
1640 medium supplemented with L-glutamine, 10% FBS,
100 U/mL penicillin, and 100 mg/mL streptomycin in an
incubator providing humidified atmosphere with 5% CO,
at 37°C.

Cell viability assay

Water-Soluble Tetrazolium Salt-1 (WST-1) kit (Sigma-
Aldrich St. Louis, USA) was used to assess the cell viability.
Cultured cells were seeded into each well (4 x 10* cells) of a
96-well plate with 100 pL of culture medium and incubated
overnight in a humidified environment with 5% CO, and at
37°C to adhere cells on the well surface before CuB-only,
Cis-only, and CuB + Cis combination treatment. The next
day, after removing the media from the cells, various doses
of CuB (0.01-50 um) and Cis (0.5-50 pm) were implemented
to cells for 24 h and 48h; 10 pL of WST-1 reagent was then
added to the wells and incubated at 37°C for 2 h. With the
completion of the incubation, optical density in each well
was detected using a microplate ELISA reader (SpectraMax
M3, Molecular Devices, Silicon Valley, California, USA) at a
wavelength of 440 nm.
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Syngeneic mouse bladder tumor model

To establish a syngeneic mouse bladder tumor model,
1 x 10° MB49 cells in 100 uL cold PBS were injected subcu-
taneously into the right flank of the each C57BL/6 mouse
strain. Mouse weights and tumor volumes were measured
regularly three times in a week. Varnier caliper was used
for tumor size measurement. Formula:
(width x length x height) x 0.5 was referenced in the calcu-
lation of tumor size. When the tumor volumes reached a
diameter of approximately 5mm, mice were randomly
divided into four groups (total n: 40; each group consists
of 10 animals) and CuB and Cis applications started: (1)
DMSO diluted with PBS was injected intraperitoneally to
treated control; (2) Cis (3 mg/kg) was administered to Cis
treatment group by intraperitoneal injection twice weekly;
(3) CuB (1mg/kg) was administered to CuB treatment
group by intraperitoneal injection three times per week;
(4) Cis (2mg/kg) was injected intraperitoneally twice a
week and CuB (0.5mg/kg) was injected intraperitoneally
three times a week to the combined treatment group.

In the light of the literature data,®® we determined the
optimal administration dose of CuB alone as 1mg/kg.
Researchers working with CuB previously stated that this
concentration of the drug and the frequency of administra-
tion were safe for mice. In our study, we determined the
dose as 3mg/ kg for Cis. Considering the literature, cisplat-
in applications are available in higher concentrations.*"**
However, our aim here was to prevent cisplatin-induced
toxicity. This dose is based on previous studies on lethal
dose 50 (LD50) values for cisplatin. In combined dose appli-
cations, we reduced the dose of both drugs so that we can
prevent drug-induced internal organ toxicity and reduce
the tumor volume synergistically.

Two days after the last administration, treatment was
terminated on the 19th day. At the end of treatment, ani-
mals were euthanized under deep anesthesia by taking
intra-cardiac blood. A portion of the tumor tissues were
stored at -80°C for further molecular analysis. The remain-
ing tissues (lung, liver, heart, kidney, and bladder) were
kept in 10% formaldehyde for histological analysis. The
animal experiments were approved by the Animal
Experiments Local Ethics Committee of Gazi University
(G.U.ET-18.028).

Histopathological examination

Tumor and possible metastasis tissues —lung, liver, kidney,
heart and bladder —were excised from animals and fixed in
10% formaldehyde. Fixed samples were embedded in par-
affin blocks. These paraffin blocks were cut into 4 pm by
using a rotary microtome and stained with routine
hematoxylin-eosin (H&E) dyes and examined histopatho-
logically under light microscope. Histopathological exami-
nation mainly focused on both primary tumor sites
metastasis and toxic effects of the CuB-only, Cis-only, and
CuB + Cis treatments on the aforementioned five tissues.

Cucurbitacin B and Cisplatin in bladder cancer model

Western blot analysis

Radioimmunoprecipitation assay (RIPA) buffer containing
protease inhibitor was used for protein isolation from
tumor tissues. The concentration of isolated proteins was
determined by the bicinchoninic acid (BCA) protein kit
(Thermo Fisher Scientific Inc., Waltham, USA). Equal
amounts of protein samples were mixed with 4x sample
buffer and boiled in dry heater at 95°C for 5 min. After the
boiling process, protein samples were loaded into 10-12%
sodium dodecyl sulfate (SDS)-polyacrylamide gel and
transferred to polyvinylidene difluoride (PVDF) membrane
by using Bio-Rad transfer equipment (Bio-Rad, Hercules,
CA, USA). Membranes were washed with Tris-buffered
saline with 0.05% Tween-20 (TBST) and blocked with 5%
BSA at room temperature for 1h. The membrane was incu-
bated overnight at 4°C with primary antibodies specific to
the targeted proteins (dilution 1:1000) at +4°C and then
incubated with HRP-conjugated secondary antibody (dilu-
tion 1:5000 ) at room temperature for 2h. Membranes
treated with ECL solution (Thermo Fisher Scientific,
Waltham, MA, USA) were imaged by Gel Logic 2200 Pro
imaging system (Carestream Health, Rochester, New York,
USA). Numerical values of signal intensity were measured
by image ] program (NIH, Bethesda, Maryland, USA).
B-actin antibody was used as the control gene for protein
expression.

Protein phosphorylation membrane array

Human/Mouse AKT Pathway Phosphorylation Array C1
kit (Georgia, ABD) was used to investigate the change in
phosphorylation of 18 proteins (p-Akt, p-AMPKao, p-BAD,
p-ERK 1&p-ERK 2, p-GSK3a, p-GSK3b, p-mTOR, p-p27,
p-p53, p-P70S6K, p-4E-BP1, p-PDK1, p-PRAS40, p-PTEN,
p-Raf-1, p-RPS6, p-RSK1, p-RSK2) associated with the
PI3K-Akt signaling pathway. Assay was performed accord-
ing to the protocol given by the manufacturer. The amount
of protein to be added to the membrane was determined by
BCA method and sample volumes were adjusted to 3000 pg
total protein amount. After the sample incubation over-
night, the membranes were washed with solutions. After
the washing step, a biotin-labeled antibody mixture was
placed on the membranes and the membranes were incu-
bated again overnight. The next day, HRP-anti-rabbit IgG
mixture was added and allowed to incubate overnight.
After incubation, the membranes were washed again and
the samples on the membranes were determined by chemi-
luminescent irradiation in the presence of imaging solution
as in the Western Blot method. Image ] program was used
for quantification.

Statistical analysis

The data obtained from the experimental results were ana-
lyzed using SPSS 21.0 statistical program. Results from each
experiment were presented as mean + standard deviation
(SD) of three independent experiments. Kruskal-Wallis test
was used to evaluate the difference between the group
averages. Bonferroni-corrected (P < 0.016) Mann-Whitney
U test was used for the comparison of pairs — CuB-only and
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Cis-only; CuB-only and combined (CuB + Cis) group; Cis-
only and combined (CuB + Cis) group —and between each
group and control. P <0.05 was accepted as statistically
significant for comparisons among all groups in terms of
evaluating cell viability.

Results

CuB reduced the viability of MB49 cells by generating
a synergistic effect with cisplatin

To evaluate the effects of CuB and Cis, single and combined
doses of these agents were administered to MB49 cells at
different time intervals. The viability of MB49 cells
decreased with increasing drug doses and administration
time. CuB causes cell death at lower doses compared to Cis.
The ICsy dosages for cisplatin were found 30 M after 24 h
of incubation and 20 uM after 48 h of incubation (Figure 1(a)).
CuB inhibited the viability of MB49 cells in a concentration-
dependent and time-dependent manner, and ICs values for
CuB after 24 h and 48 h were 0.5 uM and 0.25 pM, respective-
ly (Figure 1(b)). ICsp values obtained after 24h of
co-administration of these two agents were 0.05uM for
CuB and 20 uM for Cis. Furthermore, ICsy values after 48 h
were found 0.1 pM and 10 uM for CuB and Cis, respectively

(Figure 1(c)). A significant decline was observed in 1Csg
values after combined treatments as opposed to single
agent treatments (Figure 1(c)).

CuB+Cis combination reduced tumor growth in
MB49 syngeneic mouse model

The effects of CuB and Cis on tumor development were
evaluated in a bladder cancer syngeneic mouse model
induced by MB49 cells. Tumor volumes and weights in
single and combined treatment groups were significantly
smaller compared to the control group (Figure 2(a) to (c))
(P <0.05). Single administration of Cis and CuB as well as
administration of the combined group significantly inhib-
ited tumor growth (tumor volume averages are 52%, 62%
and 77% respectively) (Figure 2(a)) (P <0.05). Tumor
weights indicated a correlation with tumor volumes and
the minimum increase in mean tumor weights was seen
in the combined group (Figure 2(b)) (P < 0.05). There was
no significant change in body weights in the CuB-treated
group and CuB treatment caused no toxic effects.

Histopathological findings

Tumor formation was observed in all groups before the
treatment process. The largest tumor diameter and the
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Figure 1. Effects on cell viability with single (a, b) and combined (c) doses of CuB and Cis on MB49 cell lines after 24 h and 48-h exposures. The ICsq values indicate a
concentration of compounds which caused 50% reduction in cell viability based on WST-1 assay.
C: control; Cis: cisplatin; CuB: cucurbitacin B. *indicated P < 0.05, compared with the non-treated group. Data were presented as the means + SD from three

independent experiments in the histograms.
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largest area of necrosis were found in the control group
(Figure 2(d)). The smallest tumor development was moni-
tored during the combined treatment. Tumor cells had
large vesicular hyperchromatic nuclei, prominent nucleoli,
and medium width cytoplasm. There were no differences
in mitosis rates among the groups; 7-12 mitosis /1 high-
power field (hpf) was observed in all groups.

Toxicity was evaluated according to the following fea-
tures: In the liver, portal inflammation, globular inflamma-
tion, steatosis, Kupffer cells hyperplasia were evaluated. In
the lung, inflammation, congestion, and hemorrhage were
evaluated. In renal tissue, tubular necrosis, inflammation,
and glomerular pathology were evaluated. Heart necrosis
was also evaluated. Lung metastasis was detected in all
groups. Although metastasis was observed in more than
one lobe in the control group, an animal with the smallest
tumor diameter was seen in the combined group (Figure 2
(€)). In the control group and in the treatment groups, no
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Cucurbitacin B and Cisplatin in bladder cancer model

histopathological changes or metastasis were found in the
liver, kidney, heart, and bladder sections. The histological
features can be seen in Figure 2(d) and (e).

CuB induced cell apoptosis and autophagy in MB49
mouse tumor tissues

To investigate the effects of CuB and Cis on apoptotic path-
way, expression levels of Bcl-2, Bax, Caspase-3, and Cl
Caspase-3 were detected by the Western Blot method.
Compared to the control group, anti-apoptotic Bcl-2 protein
levels decreased significantly in the treatment groups
(Figure 3(a) and (b)). The decrease in Bcl-2 expression
was higher in the Cis group than in the CuB group, and
statistically significant decreases were seen in all treated
(Cis, CuB, CuB + Cis) groups (Figure 3(a) and (b)), while
in groups treated with CuB-only and Cis-only, pro-apopto-
tic Bax protein expression levels increased about 3-folds;

Cis+CuB

Figure 2. C57BL/6 mouse strain was injected subcutaneously with 1 x 106 MB49 cells in 100 uL PBS. After injection, tumor volumes were measured regularly with
caliper. Tumor volumes were calculated according to the formula: (length x width xdepth) x 0.5. Tumor-bearing mice were divided into four groups (n =10 per group).
Control group received phosphate-buffered saline (pbs) diluted DMSO. Treatment groups received; Cis (3 mg/kg), CuB (1 mg/kg), both Cis (2 mg/kg) and CuB (0.5mg/
kg), respectively. Treatment started on day 7. Drug applications were made on the days indicated in the graph (Arrows indicated days of treatment). The last injection
was performed on day 17 and two days later, on day 19, the mice were sacrificed, tumor tissues were removed, and their weight measured. (a) Tumor volumes were
significantly reduced in the treatment groups when compared with the control group. (b) Mean weights of tumor tissues removed from mice in each group after
treatment. (c) Representative images of tumors excised from control and single/or combined doses of CuB and Cis-treated MB49 bearing mice. (d and e)
Hematoxylinand eosin staining of extracted tumor tissues and organs (lung, liver, kidney, heart, and bladder) after treatment. CuB and Cis administration did not cause
any toxic effects on organs listed in the photo. Each bar represented the mean + SD. ***P < 0.001, **P < 0.01, indicate statistically significant differences between
pairs—CuB-only and Cis-only; CuB-only and combined (CuB + Cis) group; Cis-only and combined (CuB -+ Cis) group—and between each group and control.

Cis: cisplatin; CuB: cucurbitacin B; T: tumor; N: necrosis; M: metastasis. (A color version of this figure is available in the online journal.)
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Figure 3. (a) Relative expression levels of apoptotic (Bcl-2, Bax, Caspase-3, and Cl Caspase-3) and autophagy proteins (Beclin-1, LC3I, LC3II) after CuB, Cis, and
CuB+Cis treatment. (b) Western blotting analysis showing protein expression in CuB, Cis, and CuB+Cis treated-cells using the antibodies indicated. *P < 0.05 indicate
statistically significant differences between pairs—CuB-only and Cis-only; CuB-only and combined (CuB+Cis) group; Cis-only and combined (CuB+Cis) group—and
between each group and control. -actin, also known as a "housekeeping" protein, was used as a loading control. f-actin: beta-actin; Cl Caspase-3: cleaved caspase-

3; Cis: cisplatin; CuB: cucurbitacin B.

this increase was about 6-folds in the combined group
(Figure 3(a) and (b)) (P <0.05). On the other hand, there
were not any significant differences in Caspase 3 levels in
the treated groups. In all treated groups, the expression
levels of ClI Caspase-3 were found significantly higher
(Figure 3(a) and (b)) (P <0.05). The maximum increase in
the expression levels of Cl Caspase-3 was observed in the
CuB-treated group (Figure 3(a) and (b)) (P < 0.05), suggest-
ing that CuB might be assisting the initiation of apoptosis
by triggering the mitochondrial apoptotic pathways.

To determine changes in autophagy pathway in tumor
tissues, the expression levels of Beclin-1, LC3I, and LC3II
were examined by the Western Blot method. While a statis-
tically significant increase was found in the expression
levels of Beclin-1 in Cis-only and CuB-only treated
groups, the highest increase in Beclin-1 level was observed
in the combined (CuB + Cis) group (Figure 3(a) and (b))
(P <0.0001). In the combined treatment group, expression
levels of Beclin-1 increased roughly 13-folds (P < 0.0001).
LC3I protein expression level was found significantly
higher in the combined treated groups when compared
the single agent-treated groups (Figure 3(a) and (b))
(P <0.0001). CuB significantly up-regulated the LC3II
levels compared to the control group. However, a signifi-
cant decrease was seen in the LC3II levels in the combined
treatment group compared to the single agent-treated
groups (Figure 3(a) and (b)). Cisplatin may have reduced
the autophagic activity of CuB and perhaps the combined
use of these two agents does not have a synergistic effect.
According to our results, increased LC3II and Beclin-1 pro-
tein levels indicate that especially CuB stimulates the
autophagy pathway.

CuB reduced the phosphorylation of p27, PRAS40,
and raf-1 proteins

Cyclin-dependent kinase inhibitor 1B (p27Kip1) is a protein
that regulates the cell cycle. Phosphorylation at thr198
affects the stabilization and activation of this protein. p27
phosphorylation at thr198 causes accumulation of this

protein in the cytoplasm and progression of the cell cycle.
In the CuB treatment group, the amount of phosphorylated
P27 (p-p27) decreased significantly compared to the control
group (Figure 4(a) and (b)) (P < 0.05). The proline-rich Akt
substrate of 40kDa (PRAS40) is the target protein of AKT.
This protein is associated with PI3K/Akt and the mTOR
pathways. Phosphorylation of PRAS40 increases the activa-
tion of these pathways. PRAS40 phosphorylation signifi-
cantly decreased in the CuB treatment group when
compared to the control groups (Figure 4(a) and (b))
(P <0.05), while no significant change was observed in
the other treatment groups. Raf-1 is a serine-threonine
kinase that affects cell proliferation and death. Ser301 phos-
phorylation is associated with the active form of this pro-
tein. A statistically significant decrease in Raf-1
phosphorylation was observed in the CuB treatment
group (Figure 4(a) and (b)) (P < 0.05).

CuB+cis combination synergistically decreased
phosphorylation of AKT, ERK1/ERK2, mTOR, BAD
levels and increased the level of AMPK«

AKT phosphorylation decreased in CuB and combined
groups. In the combined group, phospho-AKT protein
levels decreased to half of the amount in the control
group (Figure 4(a) and (b)). Phospho-forms of extracellular
signal-regulated kinase 1 (ERK1) (pT202/pY204) and ERK2
(pT185/pY187) decreased in all treatment groups; in par-
ticular, the amount of phosphorylation of the ERK1
protein significantly declined in the combined group.
Phosphorylation levels of AMPKa increased in the single
treatment groups but the highest increase was observed in
the combined group (Figure 4(a) and (b)) (P < 0.05). While
phosphorylation levels of mTOR protein decreased gradu-
ally in Cis and CuB groups, the significant decline was seen
in the combined group (Figure 4(a) and (b)) (P <0.05).
Phosphorylation of BCL2-associated agonist of cell death
(BAD) results in loss of ability of BAD to heterodimerize
with the survival proteins BCL-Xy or BCL-2. This leaves
Bcl-2 free to inhibit Bax-triggered  apoptosis.
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Figure 4. Phosphorylation levels of target proteins after CuB and Cis treatment was determined by Human/Mouse AKT Pathway Phosphorylation Array C1 kit. Four
membrane arrays were used for control and treated groups. (a) Quantification of blot density levels of phospho-proteins from four membrane array were represented
as bar graph with relative protein expression levels (b) Phospho-proteins array analysis with significant expression changes were indicated by numbered square
frames. Phospho-proteins in numbered frames were listed. Blot densities were determined with image J program. Each bar represented the mean + SD. *P < 0.05
indicate statistically significant differences between pairs—CuB-only and Cis-only; CuB-only and combined (CuB+Cis) group; Cis-only and combined (CuB+-Cis)

group—and between each group and control. Cis: cisplatin; CuB: cucurbitacin B.

Phosphorylation at Ser112 reduces the apoptotic activity of
BAD protein; BAD phosphorylation thus is anti-apoptotic.
We analyzed the expression levels of p-BAD by comparing
a control group with treated groups. CuB and CuB + Cis
combined groups showed a significant decrease (Figure 4
(a) and (b)) (P<0.05). The decrease in the amount of
phospho-BAD in the CuB group was higher than in the
Cis group, while the maximum decline was seen in the
combined group (Figure 4(a) and (b)) (P < 0.05).

Phosphorylation of other proteins-4E-BP1, GSK3a,
GSK3b, P53, P70S6K, PDK1, PTEN, RPS6, RSK1, RSK2-
remained unchanged in all treated groups (Figure 4(a)
and (b)).

Discussion

In this study, we aimed to investigate the anti-cancer prop-
erties of CuB and its effect with Cis by evaluating protein
expression changes in apoptotic and autophagic pathways.
First, we demonstrated that CuB alone exhibits a strong
anti-proliferative effect against bladder cancer. CuB inhib-
ited cell proliferation at very low doses compared with Cis.
In addition, it also enabled cisplatin to act at low concen-
trations. In other words, CuB produced a synergistic effect
with Cis and increased its activity against cancer cell via-
bility. This interaction allowed Cis to have the same effect at
lower doses, so this effect may be important for reducing
the high dose-induced toxic effects of Cis in clinical use.
Second, single administration of CuB and administration
in combination with Cis significantly inhibited tumor
growth in bladder tumor tissues by stimulating apoptosis
and autophagy pathways.

Anti-apoptotic Bcl-2 and pro-apoptotic Bax proteins
belong to the Bcl-2 family and are the main regulators of
the apoptotic pathway. Bcl-2 overexpression is associated
with poor prognoses in bladder cancer and reduces
the response of bladder cancer to chemotherapy.®

Caspases are cytoplasmic proteases specific to the apoptotic
pathway and execute apoptosis by digesting intracellular
proteins. Cl Caspase-3 is the main executer of cell death and
is responsible for the cutting of many proteins used as
markers of apoptosis. According to our results, the increase
in Bax and Cl Caspase 3 expression and the decrease in
anti-apoptotic Bcl-2 expression showed that CuB and Cis
induced the apoptotic pathway. The Western blot analysis
in our study especially demonstrated that CuB inhibited
the expression of Bcl-2 and increased the expression of
Bax. These results are compatible with other studies show-
ing that CuB induces apoptosis.'"'"> We found that in all
treated groups the expression levels of Cl Caspase-3 were
significantly higher (P <0.05). The highest Cl Caspase-3
expression was seen in the CuB-treated group, but the
same increasing rate was not seen in the CuB + Cis combine
treatment group. These results suggest that CuB adminis-
tration, whether on its own or together with Cis, induces
apoptotic pathways in tumor tissues. When we look at the
Cl Caspase 3 expression levels, we see that the application
of CuB alone was more effective than the application of Cis
alone. Therefore, the decrease in Cl Caspase 3 expression
level in combined dose administration suggested that Cis
may be less effective. However, tumor development was
lower in the combined group when compared with other
treated groups. These results suggest that the caspase-
independent pathway and other cell death pathways, for
instance, autophagy, might be active as well as the depen-
dent pathway. The relationship between Bcl-2/Bax regu-
lates apoptosis via the mitochondrial pathway in caspase-
independent cell death, as in caspase-dependent cell
death.?* As in caspase-dependent cell death, Bax disrupts
the mitochondrial membrane integrity and then ensures the
release of pro-apoptotic proteins such as apoptosis-
inducing factor (AIF) and Endo G from mitochondria to
the cytoplasm. By the transition of these pro-apoptotic pro-
teins into the nucleus, these proteins cause
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caspase-independent death through DNA condensation
and degradation. In fact, the two pathways may be activat-
ed simultaneously.**

Autophagy is a biological event in which cellular pro-
teins and organelles are digested by lysosomal enzymes in
autophagolysosomes in order to be re-used in subsequent
reactions. Although autophagy is known to protect cells
against various stress conditions, it is known that some
drugs cause autophagic cell death by over-stimulating
autophagy. Therefore, it is suggested that autophagy may
be an alternative cell death pathway to be targeted in cancer
treatment.?® Recently, CuB induced autophagy in a human,
cisplatin-resistant gastric cancer cell line.'” In our study, we
investigated the expression levels of Beclin-1, which take
part in the initiation of autophagy and LC3II, accepted as a
marker of autophagy. When cells underwent autophagy,
LC3I with an 18-kDa molecular weight converted into 16-
kDa LC3II. The amount of LC3II is closely correlated with
the number of autophagosomes, serving as an indicator of
autophagy.”?® According to our results, autophagy was
induced in all treatment groups, and the expression level
of LC3II was highest in the CuB group and lowest in the
CuB + Cis group. Our results showed that autophagy was
mostly induced in the CuB treatment group. Interestingly,
levels of Beclin-1 expression were increased 13-fold in the
combined group when compared with the control group.
That is to say, the expression levels of Beclin-1 and LC3II are
not correlated with each other. In the literature, there are
some studies showing that autophagosome formation
occurs independently of Beclin-1 function, known as non-
canonical autophagy.**° There is evidence that this type of
autophagy is always associated with cell death.*® Also, it
was shown that Beclin-1 and LC3 expression are indepen-
dent of each other in some cells in which autophagy occurs
due to drug stimulation.”>! We found that CuB increased
the level of LC3II protein expression significantly when
compared to the Cis group. Although the LC3I protein
expression level was highest in the combined group,
LC3II expression did not accompany this increase. These
results suggest that cisplatin may have reduced the auto-
phagic activity of CuB. Furthermore, perhaps the combined
use of these two agents has no synergistic effect in autoph-
agy. Therefore, CuB could stimulate autophagy through
different pathways in an MB49 mouse syngeneic bladder
cancer model.

Stimulation and initial stages of autophagy are mainly
regulated by the mammalian target of rapamycin (mTOR),
AMP-activated protein kinase (AMPK), and AKT (Protein
Kinase B).*> AMPKua senses the low amount of energy in the
cell and stimulates the transition to the catabolic process to
produce ATP** AMPKo also stimulates autophagy by
inhibiting mTOR kinase.***® Low AMPKo phosphorylation
is also seen in bladder cancer.** AKT activates mTOR by
phosphorylating it, and then activated mTOR suppresses
autophagy. AKT kinase also inhibit autophagy by phos-
phorylating the components of the PI3K complex.”> The
effects of the three kinase (PI3K)/AKT/mTOR pathway
on tumor development is well defined in bladder cancer,
as in many other cancers.’® With its stimulation by extra-
cellular signals, this pathway controls cell proliferation,

differentiation, and angiogenesis and plays a role in
cancer formation. Approximately 40% of bladder tumors
show mutations that cause continuous activation of this
pathway.”> An increase in the amount of phospho-mTOR
(p-mTOR) has been demonstrated in the invasive forms of
bladder cancer. In addition, p-mTOR density is associated
with decreased survival in bladder cancer.®® Consistent
with other studies, we found that CuB + Cis treatment
reduced p-mTOR and p-Akt levels and enhanced p-
AMPK levels.’> %7 These results indicate that the PI3K/
AKT/mTOR pathway is a target of CuB in the MB49 blad-
der cancer mouse model and that CuB-mediated autoph-
agy may also be associated with this pathway.

BAD is a pro-apoptotic member of the BCL-2 family. It
binds to the anti-apoptotic Bcl-2 protein, disrupts the Bcl-2/
Bax complex, and allows Bax to induce apoptosis. Ser-112
phosphorylation of BAD prevents this protein from being
retained in the cytoplasm by 14-3-3 protein and binding to
BCL-2. Thus, ser-112 phosphorylation inhibits the pro-
apoptotic effect of BAD.*® The amount of phosphorylated
BAD decreased in all treatment groups, especially in the
combined group, in which a 5-fold reduction was observed.
In particular, the decrease in BAD phosphorylation in the
CuB and combined groups suggests that the apoptotic
pathway was induced in these groups. It has previously
been suggested that the phosphorylation of BAD at Ser-
155 may convey oncogenic potential.*® There are no other
studies demonstrating that BAD phosphorylation is
reduced due to CuB administration.

The ERK pathway is associated with events involved in
tumor development, such as differentiation, cell cycle
changes, proliferation, and survival.*’ However, various
studies have shown that CuB-mediated ERK1/2 phosphor-
ylation has different effects depending on the cell type.®
Although the ERK pathway is known to stimulate cell sur-
vival and cell proliferation, it may have an apoptotic acti-
vating effect under certain conditions.*’ Chan et al.*’ and
Liu et al.** showed that CuB increased ERK phosphoryla-
tion, whereas Zhang et al."* and El-Senduny et al.® showed
that CuB decreased ERK phosphorylation. According to
our results, Cis did not affect ERK1/2 phosphorylation,
and CuB significantly reduced ERK phosphorylation. The
greatest reduction was in the combined group due to the
effects of CuB. Our results were consistent with the studies
of Zhang et al." and El-Senduny et al.®

Raf-1 is one of three isoforms of the Raf family protein
kinases that mediates the transport of extracellular signals
from receptor tyrosine kinases to the nucleus. Raf-1 activa-
tion affects cellular events such as cell proliferation, surviv-
al, and apoptosis.42 In our study, activation of Raf-1 and
ERK1/2 was inhibited in CuB-treated cells. In other
words, CuB reduced the phosphorylation of Raf-1. Our
results are consistent with those of Chan KT et al.*’

In some cancer cells, CuB increased p27 expression.
Cyclin-dependent kinase inhibitor p27 is an essential regu-
latory protein involved in regulating the cell cycle. p27
arrests the cell cycle in the G1 phase by inhibiting the
cyclin-CDK complex.*>*> With the phosphorylation at the
198-Thr site, p27 is transported from the nucleus to
the cytoplasm in the G1 phase and degraded by the

43,44
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proteasome pathway. p27 degradation triggers the progres-
sion of the cell cycle. This causes the tumor suppressor p27
to gain oncogenic properties.**¢ In previous studies, CuB
increased p27 expression and arrested the cycle in cancer
cells at the G1 stage.*** However, p27 phosphorylation
was not evaluated in these studies. In our study, we pri-
marily showed that CuB significantly decreased p27
phosphorylation.

PRAS40 is a component of mTORC1 and is responsible
for mTOR activation.*” Increased PRAS40 phosphorylation
has been associated with many cancers.**** AKT phosphor-
ylates PRAS40 and reduces its inhibitory effect on mTOR.*”
Khan et al*” showed that PRAS40 phosphorylation was
reduced in non-small cell lung cancer cells treated with
CuB. In accordance with this result, we found that CuB
reduced the phosphorylation level of PRAS40 by half com-
pared to the control group.

Shang et al.** reported that CuB treatment inhibited the
AKT pathway by increasing the tumor suppressor PTEN.
Niu et al.'® found that CuB increased PTEN phosphoryla-
tion in BEL-7402 cells. However, we did not find any sig-
nificant differences in the levels of PTEN phosphorylation
between the treatment groups and the control group.
Surprisingly, the levels of phosphorylated 4E-BP1, GSK3a,
GSK3b, P53, P70S6K, PDK1, RPS6, RSK1, and RSK2 were
not significantly changed in any of the treated groups, sug-
gesting that those genes may not be upstream targets of
CuB and Cis.

Increases in tumor volume were significantly sup-
pressed in an MB49 bladder syngeneic mouse model
treated with Cis-alone, CuB-alone, or combined CuB + Cis
at weeks 1-3 (experiment termination) compared to
untreated controls. Tumor volume measurements were
highly correlated with tumor weight. The group with the
highest decrease in tumor volume and weight was the com-
bined treatment group; this was due to CuB. The smallest
degree of tumor development was observed during the
CuB + Cis treatment, whereas the largest tumor diameter
and the largest necrosis area were observed in the control
group. The combination of CuB and Cis may be an innova-
tion that not only decreases the toxicity of Cis but also
increases the anti-tumor effects of Cis. These promising
results prompted us to evaluate the possibility of using
CuB to treat bladder cancer — either alone or in combination
with current chemotherapeutic agents such as Cis—to
improve the response rates and reduce toxicity.

Conclusion

This is the first study to demonstrate that CuB alone and
combined with Cis significantly reduces tumor growth
through caspase-dependent/independent apoptotic and
autophagic pathways in bladder cancer tumor tissues.
Our results will have major implications for further clinical
investigations and the development of new treatment
methods that can support conventional treatments for blad-
der cancer. Future studies should investigate the molecular
pathways targeted by CuB for the treatment of bladder
cancer.

Cucurbitacin B and Cisplatin in bladder cancer model
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