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Rosa hybrida Petal Extract Exhibits
Antitumor Effects by Abrogating Tumor
Progression and Angiogenesis in Bladder
Cancer Both In Vivo and In Vitro

Byungdoo Hwang', Yujeong Gho', Hoon Kim', Sanghyun Lee?,
Soon Auck Hong?, Tae Jin Lee3, Soon Chul Myung*, Seok-Joong Yun>,
Yung Hyun Choi®, Wun-Jae Kim®, and Sung-Kwon Moon'

Abstract

The edible Rosa hybrida (RH) petal is utilized in functional foods and cosmetics. Although the biological function of RH petal
extract is known, mechanism of action studies involving tumor-associated angiogenesis have not yet been reported. Herein, we
investigated the regulatory effect of the ethanol extract of RH petal (EERH) on tumor growth and tumor angiogenesis against
bladder cancer. EERH treatment inhibited the bladder carcinoma T24 cell and 5637 cell proliferation because of G,-phase cell
cycle arrest by inducing p2 IWAFI expression and reducing cyclins/CDKs level. EERH regulated signaling pathways differently
in both cells. EERH-stimulated suppression of T24 and 5637 cell migration and invasion was associated with the decline
in transcription factor-mediated MMP-9 expression. EERH oral administration to xenograft mice reduced tumor growth.
Furthermore, no obvious toxicity was observed in acute toxicity test. Decreased CD31 levels in EERH-treated tumor tissues
led to examine the angiogenic response. EERH alleviated VEGF-stimulated tube formation and proliferation by downregulating
the VEGFR2/eNOS/AKT/ERK1/2 cascade in HUVECs. EERH impeded migration and invasion of VEGF-induced HUVECs, which
is attributed to the repressed MMP-2 expression. Suppression of neo-microvessel sprouting, induced by VEGF, was verified
by treatment with EERH using the ex vivo aortic ring assay. Finally, kaempferol was identified as the main active compound
of EERH. The present study demonstrated that EERH may aid the development of antitumor agents against bladder cancer.
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Introduction
'Department of Food and Nutrition, Chung-Ang University, Anseong,

Bladder cancer is the 10th most common cancer, known for
its increased incidence, high recurrence risk, and fatal mor-
tality rates.! In 2018, approximately 550 000 new cases were
diagnosed, and 200000 deaths were recorded worldwide.!
Bladder cancer can be classified as either a non-muscle-
invasive bladder cancer (NMIBC) or muscle-invasive blad-
der cancer (MIBC).? The majority of patients demonstrate
NMIBC, whereas 25% of the patients demonstrate MIBC.3
Upon transurethral resection of bladder tumors, NMIBC
exhibits high recurrence and can even advance to MIBC,
which is associated with increased lethal mortality.
Although considerable efforts are being made to develop
novel agents or chemical compounds for the treatment of
patients with MIBC, effective and safe therapeutic options
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are very limited.* Hence, it is necessary to develop effective
novel antitumor agents against MIBC.

Common patterns of MIBC involve the proliferation,
migration, and invasion of bladder cancer cells.>”’” During
neoplastic propagation, cancer cells tend to proliferate and
metastasize via the multiple steps of biological processes,
including the control of signaling pathways and cell cycle.>”’
Uncontrolled tumor cell proliferation is involved in the
phosphorylation of mitogen-activated protein kinases
(MAPKSs) and phosphoinositide 3-kinase/serine-threonine
kinase (PI3K/AKT) signaling.* In addition, advanced type of
tumor cells are significantly associated with dysregulated cell
cycle control because of the changes in cell cycle regulators,
such as cyclins, cyclin-dependent kinases (CDKs), and CDK
inhibitors (CKIs), during the G,- to S-phase transition.*®!°
Matrix metalloproteinases (MMPs), especially MMP-9, par-
ticipate in migration and invasion of cancer cells during
the advanced stage of bladder cancer.'"* Several transcrip-
tion factors, such as the nuclear factor-kappa-B (NF-xB),
Sp-1, and AP-1, were observed to enhance the expression
levels of MMP-9 in bladder cancer cells.®">16

Angiogenesis is the intricate pathological process
involved in the formation of neovessels from the pre-exist-
ing ones, and it is regarded as one of the main hallmarks of
progression and development of tumor cells.!”'® Moreover,
angiogenesis is tightly controlled by multiple series of inter-
active processes, such as endothelial cells (ECs), degrada-
tion of the extracellular matrix, and angiogenic factors.'$!
Proliferation and migration of ECs to establish new vessels
is an essential process during tumor angiogenesis.?’ Vascular
endothelial growth factor (VEGF) is one of the most potent
angiogenic activators that stimulates proliferation and
migration of ECs as well as formation of neovessels by
binding with its receptor, vascular endothelial growth factor
receptor-2 (VEGFR-2).2!"* Binding of VEGF to VEGFR-2
activates the downstream signaling molecules, such as the
extracellular signal-regulated kinase (ERK)-1/2 and AKT,
which activate endothelial nitric oxide synthase (eNOS)
expression in ECs.?>?7 VEGF-mediated activation promotes
degradation of the extracellular matrix by MMPs, leading
to migration of cells and formation of new vessels.?%%’

Although the development of anticancer drugs for blad-
der cancer treatment has been studied for decades, therapies
have drug resistance and serious side effects.’® Thus, the
development of edible natural origin sources as alternative
or complementary therapies with fewer side effects is urgent.
Previous reports have shown that curcumin derived from
Curcuma longa inhibits the progression of bladder cancer
through cell cycle arrest, anti-angiogenesis, apoptosis as
well as growth inhibition.3'*3 In addition, several in vitro
and in vivo studies reported that resveratrol, a natural flavo-
noid compound occurring in peanuts, berries, and grapes, has
antitumor effects on bladder cancer including cell cycle arrest,
apoptosis, and inhibition of cell mobility.3*33 Various natural
origin extracts and their compounds have been suggested

the anticancer potential against bladder cancer treatment.*
However, the inhibitory effects of Rosa hybrida (RH) in
bladder cancer have not yet been fully understood.

The edible petals of RH are widely used as a reliable
source of functional human nutrients as well as aromatic
oils in the cosmetic industry.’” In addition, RH petals con-
tain numerous biological compounds, including gallic acid,
kaempferol, and other volatile compounds, exhibiting anti-
diabetic, anti-inflammatory, anti-allergic, anti-atherogenic,
and neuroprotective effects.®®“? It has been revealed that
RH petals may suppress the proliferation of several cancer
cell lines in vitro.*** However, the potential molecular
mechanisms of antitumor effects by RH petals in vitro and
in vivo have not been reported. Therefore, we investigated
the precise action mechanisms of antitumor effects and
angiogenesis inhibition effects of the RH extracts in bladder
cancer using both in vitro experiments and in vivo mouse
model. In addition, safety test was performed by using the
oral acute toxicity model. The active compound of RH
petals against antitumor effects was analyzed.

Materials and Methods

Materials

Antibodies against phospho-p38MAPK (#9211), phospho-
ERK1/2 (#9101), phospho-c-Jun NH2-terminal kinase
(JNK; #9251), phospho-AKT (#9271), p38MAPK (#9212),
ERK1/2 (#9102), INK (#9258), AKT (#9272), Mouse 1gG
Isotype Control (#5415S), and Normal rabbit [gG (#2729S)
were purchased from Cell Signaling (Danvers, MA,
USA). Antibodies against cyclin E (sc-247), cyclin D1
(sc-8396), cyclin-dependent kinase (CDK)-4 (sc-23896),
CDK2 (sc-6248), p27KIP1 (sc-1641), p53 (sc-126),
glyceraldehyde 3-phosphate dehydrogenase (GAPDH,
sc-47724), and p21WAF1 (sc-6246) were obtained from
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).
Antibodies against VEGFR-2 (#2479), eNOS (#2479),
phospho-VEGFR-2 (#4991), and phospho-eNOS (S1177)
were purchased from Cell Signaling. Antibodies against
MMP-2 (#AB19167) and MMP-9 (#04-1150) were obtained
from Millipore (Massachusetts, USA). Human recombinant
VEGF (293-VE) was purchased from R&D Systems
(Minneapolis, USA). LY294002, SB203580, SP600125, and
U0126 were obtained from Calbiochem (San Diego, CA,
USA). The nuclear extraction kit and electrophoretic mobil-
ity shift assay (EMSA) kit (AY 1XXX) were purchased from
Panomics (Fremont, USA). Antibody against CD31 was
obtained from BD PharMingen (San Diego, CA, USA).

Preparation of the ethanol extract of R. hybrid
petal (EERH) and isolation of kaempferol

R. hybrida was obtained from Jincheon Agricultural
Technology Center (Chungbuk, Korea). The compounds in
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dried petals (1.96kg) were extracted with ethanol at 80°C
for 3hours. The extract was filtered and concentrated
under reduced pressure. The concentrated ethanol extract
(62.39 g) was subsequently partitioned with different sol-
vents, including n-hexane (3.80g), CHCl, (1.50g), EtOAc
(9.60 g), and n-BuOH (6.70 g). Sub-fractions (a-, b-, c-, and
d-fractions) were combined by elution of gradient solvents
with CHCI, and MeOH from the EtOAc fraction. A portion
of the d-fraction was subjected to open column chromatog-
raphy using silica gel as the stationary phase and a stepwise
gradient of CHCI, and MeOH as the mobile phase. Then,
kaempferol from subfraction 41 of the EtOAc fraction was
collected and analyzed using 'H- and '*C-nuclear magnetic
resonance and electron ionization mass spectrometry.

Cell culture

T24 (high-grade; grade-3) cell lines were purchased from
the American Type Culture Collection (Manassas, VA,
USA). T24 cells were cultured in the Dulbecco’s modified
Eagle’s medium. The human bladder cancer 5637 (low-
grade; grade-2) cell lines were obtained from Korea Cell
Line Bank (Seoul, Korea). 5637 cells were grown in
RPMI1640 (Sigma-Aldrich, San Diego, CA, USA). All the
media were supplemented with 10% fetal bovine serum
(FBS, 35-010-CV, Corning, NY, USA), 100 pg/mL strepto-
mycin, and 100U/mL penicillin at 37°C and 5% carbon
dioxide (CO,) in a humidified incubator. Primary human
umbilical vascular endothelial cells (HUVECs) were
obtained from Lonza (Walkersville, MD, USA). The cells
were cultivated on 0.1% gelatin-coated plates (Sigma-
Aldrich, San Diego, CA, USA) using an endothelial basic
medium supplemented with EGM™.-2 Bulletkit™ (Lonza)
at 37°C and 5% CO, in a humidified incubator. All experi-
ments of HUVECs were conducted during passages 2 and 5.

Cell viability (3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay)
and viable cell counting assay

The cells (6 X103 cells/well) were cultured in 96-well
plates. After the treatment of cells with EERH, the cells
were incubated with the MTT solution (0.5 mg/mL, Sigma-
Aldrich) for 1hour. The solution was removed and dis-
solved in dimethyl sulfoxide (DMSO). The absorbances of
samples were detected at 540nm using a fluorescent plate
reader. The viability of cells was quantified as a percentage
relative to the untreated group (control). Cellular morphol-
ogy was visualized under a phase-contrast microscope. For
the cell counting assay, after the detachment of cells with a
solution of 0.25% trypsin-0.2% ethylenediaminetetraacetic
acid (EDTA) (Thermo Fisher Scientific, Waltham, MA,
USA), the cells were combined with 0.4% trypan blue
(Sigma-Aldrich), followed by gentle mixing. The stained

cells were then loaded and counted using the chamber of a
hemocytometer.

Cell cycle analysis

EERH-treated cells were trypsinized and fixed in 70% etha-
nol at —20°C for 24 hours. Then, the cells were washed with
ice-cold phosphate-buffered saline (PBS), followed by
incubation with the cell cycle assay buffer (1 mg/mL RNase
A and 50 mg/mL propidium iodide). Distribution of the cell
cycle phase was analyzed using a MUSE® Cell Analyzer
installed with the analysis software (Merck Millipore,
Germany).

Immunoblotting and immunoprecipitation

After washing with ice-cold PBS, the cells were resuspended
in the lysis buffer (150mM NaCl, 50mM HEPES, pH 7.5,
DTT, 2.5mM, 1mM EDTA, 2.5mM, EGTA, 1mM DTT,
0.1mM, Na,VO,, ImM NaF, 10mM B-glycerophosphate,
10% glycerol, 0.1mM PMSF 0.1mM, 0.1% Tween-20,
2pug/mL aprotinin, and 10pug/mL leupeptin) at 4°C for
30minutes. Cells were scraped and maintained on ice for
10 minutes. After centrifugation of extracts at 12000X g for
15 minutes at 4°C, the cell lysates were subjected to deter-
mine the total amount of protein using a BCA protein assay
reagent kit (Thermo Fisher Scientific). Aliquots comprising
25ug of total proteins were separated on 10% Sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then transferred to nitrocellulose membranes
(Hybond; GE Healthcare Bio-Sciences, Marlborough, MA,
USA). The membranes were blocked in 5% skim milk for
2hours, followed by incubation with primary antibodies
and peroxidase-conjugated secondary antibodies. A chemi-
luminescence reagent kit (GE Healthcare Bio-Sciences,
Marlborough, MA, USA) was employed to detect the
immunocomplexes. For immunoprecipitation analysis, the
cell lysates containing 200 pug proteins were reacted with
the indicated antibodies at 4°C overnight, then followed by
incubation with protein A-sepharose beads (sc2003, Santa
Cruz) at 4°C for 2hours. The immunoprecipitated com-
plexes were collected, washed, and subjected to SDS-PAGE
and immunoblotting. Each cell lysate was used as input and
normal rabbit and mouse antibodies were used as IgG
control.

Wound-healing migration assay

The cells (3 X 103 cells/well) were cultured in 6-well plates
and pre-incubated with mitomycin C (5 pg/mL, #M4287,
Sigma-Aldrich) to impede their proliferation for 2hours.
After the surface of the cells was scratched with crosses
using a 2-mm-wide pipette tip, the culture plates were
washed and fresh culture media containing the indicated
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concentrations of EERH was added. The cells were further
incubated for 24 hours, and then the EERH-treated cells
migrating into the scraped area were photographed under an
inverted microscope. The percentage of scratched area in
each group was determined after treatment with EERH
compared to the control group.

Invasion assay

The cells (2.5 X 10* cells/well) were cultivated in a serum-
free culture medium containing indicated concentrations of
EERH and mitomycin C (5ug/mL) and incubated for
2 hours in the upper chamber of the transwell plates contain-
ing 8-um pores (Sigma-Aldrich). Simultaneously, the cul-
ture medium supplemented with 10% FBS or VEGF was
replenished and incubated in the lower chamber at 37°C for
24 hours. Cells that invaded the low chamber were fixed
with ethanol and stained using 0.1% crystal violet in 20%
ethanol. The stained cells in the lower plate were photo-
graphed and counted. The quantifications of invaded cells
were expressed as a percentage of the control groups.

Zymography

MMP-9 activity was examined using gelatin zymographic
assay.®’ Briefly, the cells were treated with various concen-
trations of EERH for 24hours. Then, the conditioned
medium was subjected to electrophoresis on a 0.25% gela-
tin-polyacrylamide gel. After washing the gel with 2.5%
Triton X-100 solution for 15minutes at room temperature,
the gel was incubated with renaturing buffer (150mM
NaCl, 50mM Tris-HCl, and 10mM CaCl,, pH 7.5) at 37°C
overnight. Gel was stained and visualized using 0.2%
Coomassie blue under a light box. Gelatinase MMP-9 activ-
ity was detected by visualizing a white band on a blue
background.

EMSA

Nuclear proteins were extracted from EERH-treated cells
using a nuclear extraction kit (AY2002, Panomics). Briefly,
the EERH-treated cells were centrifuged, washed, followed
by incubation in a buffer [10mM KCI, 10mM HEPES (pH
7.9), ImM DTT, 0.lmM EGTA, 0.5mM PMSF, and
0.1mM EDTA] for 15minutes on ice, and then, the cells
were mixed with 0.5% of NP-40 rigorously. The nuclear
pellet was obtained via centrifugation, and the nuclear
extracts were prepared by extraction in a buffer compromis-
ing 400mM NacCl, 20mM HEPES (pH 7.9), ] mM PMSF,
ImM EGTA, ImM DTT, and 1mM EDTA at 4°C for
15 minutes. Pre-incubation of the nuclear extract (10-20 pug)
was performed at 4°C for 30minutes using a 100-fold
excessive amount of an unlabeled oligonucleotide encom-
passing the —79 position of the MMP-9 cis-acting element

of interest. The sequences designed in this study were:
AP-1, CTGACCCCTGAGTCAGCACTT; Sp-1, GCCCAT
TCCTTCCGCCCCCAGATGAAGCAG; and NF-xB, CAG
TGGAATTCCCCAGCC. The solution mixture was then
reacted with a buffer 25mM HEPES buffer (pH 7.9),
0.5mM EDTA, 0.5mM DTT, 50 mM NaCl, and 2.5% glyc-
erol) containing poly dI/dC (2 ug) and 5 fmol (2 X 104 cpm)
of a Klenow end-labeled (**P ATP) 30-mer oligonucleotide,
which stretched the DNA-binding element of the MMP-9
promoter at 4°C for 20 minutes. The reaction solution was
separated by using a 6% polyacrylamide gel electrophoresis
system at 4°C. Upon the gel exposure to an X-ray film, the
values of gray blots were visualized and analyzed using the
ImagePro Plus 6.0 software (Media Cybernetics, Rockville,
MD, USA).

Generation of the xenograft mice model

All animal experiments were approved by the Animal Care
and Use Committee of Chung-Ang University (2017-
00054). Male BALB/c nude mice (6-week-old, 22-26g)
were obtained from the Dae-Han Experimental Animal
Center (Dea-Han Biolink Co., Chungbuk, Korea) and were
maintained at Chung-Ang University Animal Care Facility.
T24 cells (3.6 X 107) resuspended in 100 uL PBS containing
100 uL Matrigel matrix (BD Biosciences, NJ) were inocu-
lated subcutancously into the right back of each mouse.
After tumor reached a volume size of approximately 200-
400mm?, these mice were randomly separated into 4
groups. Vehicle alone (5% v/v ethanol) and EERH (20 and
200 mg/kg) were administered orally every day for 20 days
and cisplatin (5mg/kg) was injected once in 2days for
20days. In mice fed with EERH, it was dissolved in abso-
lute ethanol and diluted in water. Body weight, tumor vol-
ume, and general inspection were observed daily for
20days. Tumor width (W) and length (L) were measured
every Sdays by a Vernier caliper and calculated using the
formula [Tumor volume = (W2 X L)/2]. After 20 days, the
tumor volume reached approximately 1984 mm?®. Then, the
xenograft mice were sacrificed, dissected, and the tumor
tissues were separated for measuring their weights. Tumors
were investigated using hematoxylin and eosin (H&E)
staining and CD31 immunohistochemistry staining. To
count the number of cells, hematoxylin-stained nuclei from
all stained slides were quantified using Image J 1.53r soft-
ware (http://imagej.nih.gov/ij).

H&E staining and immunochemistry (CD31)

Tumor tissues or major organs were fixed with formalin,
then subsequently embedded and blocked in paraffin. The
5-um-thick formalin/paraffin sections were stained
with 10% hematoxylin (Sigma-Aldrich) and 1% cosin
(Sigma-Aldrich). For the CD31 staining, formalin-fixed,
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paraffin-embedded sections obtained from tumor tissues
were incubated with a PBS (pH 7.4) solution comprising
5% bovine serum albumin for 1 hour to block nonspecific
proteins. Subsequently, the samples were incubated with
CD31 primary antibody (1:100) at 4°C overnight. After
washing in PBS, the sections were reacted with fluorescent
secondary IgG antibody (1:300) at room temperature for
2 hours. The stained samples were photographed under a
fluorescent microscope (Leica, Wetzlar, Germany).

Oral acute toxicity and biochemical parameters

Oral acute toxicity test was performed as per the Regulation
of Good Laboratory Practice, which was inspected by the
Ministry of Food and Drug Safety. BALB/c mice (6-week-
old, female, 22-24 g) were obtained and randomized into 2
groups (control and 2000 mg/kg group). Mice were given
5% ethanol (control) or ERH (2000 mg/kg) once via oral
gavage. During 14 days, bodyweight was recorded and clin-
ical signs, including neurologic, behavioral, mortality, and
any other abnormalities, were assessed daily between the 2
groups. After the experiment, all mice were sacrificed, and
the major organs (liver, lung, and kidney) and blood were
collected. The major organs were proceeded for H&E stain-
ing. For the biochemical analysis, blood samples taken
from mice aorta were added to heparin-containing tubes.
After centrifugation at 3000 rpm for 10 minutes, the level of
plasma biochemical markers, such as creatinine, urea, alka-
line phosphatase (ALP), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST), were evaluated
using commercial kits (Abcam, Burlingame, CA, USA).

Colony tube formation assay

Colony tube formation assay for EERH was performed on
the pre-coated Matrigel plates using VEGF-treated
HUVECs.” Briefly, HUVECs containing various concentra-
tions of EERH or 20ng/mL of VEGF were cultured on the
Matrigel-coated plates for 7hours at 37°C. When network
formation of the tube-like colony was established, their
images were visualized using a phase-contrast microscope.
The level of colony tube formation was determined by esti-
mating the length of branched tubes.

Aortic ring assay ex vivo

Microvessel sprouting potential of VEGF was evaluated
using the aortic ring ex vivo assay as described before” with
simple modifications. The thoracic aortas obtained from the
C57BL/6 mice were carefully cut into 1-1.5-mm-thick seg-
ments. The segments were embedded in each well of the
Matrigel-coated plates, followed by incubation with growth
medium incorporating EERH (20 and 40 pg/mL) and VEGF
(50ng/mL). During the 9-day incubation, outgrowth of

microvessel sprouting from aorta was visualized using a
phase-contrast microscope. The potential of endothelial
tube sprouting was quantified by measuring the areca of
microvessel sprouting using the ImagePro Plus 6.0
software.

High-performance liquid chromatography-
ultraviolet (HPLC-UV) analysis of kaempferol
from EERH

Samples were prepared for HPLC analysis by dissolving 10
to 20mg of the petal extracts in 1 mL MeOH. A standard
stock solution was prepared by dissolving 1 mg kaempferol
in I mL MeOH. All samples were filtered through a 0.45-
pum polyvinylidene fluoride filter prior to use. An HPLC
system was used, and chromatographic separation was
achieved using an INNO C,, column (250 mm X4.6 mm,
Sum; Young Jin Biochrom Co., Ltd., Korea). A gradient
elution of 0.5% acetic acid in water and methanol was used
(0-30 minutes: 50% methanol, 30-45 minutes: 50% metha-
nol, and 45-60 minutes: 50-10% methanol). The flowrate
and injection volume were 1 mL/min and 10uL, respec-
tively. The UV detector was set at 270 nm.

Statistical analyses

All experiments were conducted in triplicate. Student’s t-test
and one-way analysis of variance were employed to evaluate
the statistical significance among groups. Significant differ-
ences were expressed when the P-value was less than 0.05.

Results

EERH suppresses bladder cancer cell
proliferation via the induction of G -phase cell
cycle arrest

To investigate whether EERH inhibits T24 and 5637 blad-
der cancer cell proliferation, we used MTT assay and cell
counting assay. Treatment of T24 cells with EERH signifi-
cantly decreased the cell viability in dose-dependent manner
(Figure 1A). In accordance with the result of cell viability, the
number of T24 cells declined after treatment with EERH via
utilization of Trypan Blue staining (Figure 1B). Similar
results were observed in 5637 cells (Figure 1A and B).
According to the proliferation assay, an IC,, value of EERH
was determined to be 800 pg/mL at both cells (Figure 1A
and B). In addition, to examine the role of EERH in cell
cycle distribution, both cells were treated with EERH for
24hours, and then fluorescence-activated cell sorting
(FACS) analysis was performed. FACS analysis showed
that EERH treatment resulted in the accumulation of T24
and 5637 cells at G,-phase, with a concomitant decline in
the proportion of G,/M-phase (Figure 1C-F). These results
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Figure |. Effects of the EERH on cell proliferation and cell cycle in bladder cancer T24 and 5637 cells. T24 cells were incubated with
various concentrations of EERH for 24 hours. (A) Viability of T24 and 5637 cells was measured using MTT assay. (B) The number

of viable cells counted using a microscope. (C and E) Fluorescence-activated cell sorting (FACS) analysis of EERH-treated cells to
determine the histogram of cell cycle pattern. (D and F) Percentages of cell population at each phase of cell cycle. The values are
presented as the mean = standard deviation (SD) of 3 independent experiments; *P <.05 and **P<.0| compared with the untreated
control.
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indicated that EERH inhibits bladder cancer cell prolifera-
tion through cell cycle arrest mainly occurring in the
G,-phase.

EERH-stimulated G -phase cell cycle arrest
is implicated in the p2 | WAF |-mediated
downregulation of the cyclins/CDKs complexes

Cyclins and CDKs are critical factors in the cell cycle pro-
gression from G- to S-phase.*® To investigate the mecha-
nism of G, -phase cell cycle arrest in EERH-treated T24
cells, expression levels of cyclin D1, cyclin E, CDK2, and
CDK4 were examined. Immunoblot results showed that
cyclin D1 and CDK4 levels were decreased after treatment
with EERH in T24 cells (Figure 2A). However, levels of
cyclin E and CDK2 were not altered in the presence of
EERH (Figure 2A). In addition, cyclin D1, cyclin E, CDK2,
and CDK4 levels were declined in EERH-treated 5637 cells
(Figure 2B). CDKIs mediate the control of cyclins/CDKs
complexes during the G,-phase cell cycle arrest.5*!°
Therefore, the protein levels of CDKIs, such as p21 WAF1
and p27KIP1, were evaluated in T24 and 5637 cells using
immunoblot. EERH treatment upregulated the expression
levels of p21WAF1 in both cells (Figure 2A and B). In con-
trast, p27KIP1 levels were not changed by EERH treatment
(Figure 2A and B). EERH treatment did not affect the
expression levels of tumor suppressor protein p53 (Figure
2A and B). To define whether p21 WAF1 expression con-
tributes to the reduced expression of CDK2 and CDK4,
immunoprecipitation (IP) assay was conducted. EERH-
treated T24 cells were immunoprecipitated with antibodies
against CDK4, then followed by immunoblot for p21 WAF1
antibody. Exposure of T24 cells to EERH evidently
enhanced the binding of p21 WAF1 with CDK4 (Figure 2C).
After IP with CDK2 and CDK4 antibodies in 5637 cells
treated with EERH, immunoblot assay was performed
with p21WAF1 antibody. EERH induced the p21WAF1
levels, which binds to CDK2 and CDK4 (Figure 2D).
Similar results were observed in IP using p21 WAF1 anti-
bodies (Figure 2C and D). These results suggested that
EERH-promoted G,-phase cell cycle arrest was involved
in the p21WAFI1-mediated downregulation of cyclins/
CDKSs complexes.

MAPKs and AKT signaling is regulated during
EERH-treated bladder cancer cell proliferation

We next examined the impact of EERH on the MAPKs
(ERK1/2, p38MAPK, and JNK) and AKT signaling path-
ways in bladder cancer cells. EERH treatment showed
increased phosphorylation of ERK1/2, p38MAPK, and JNK
in T24 cells (Figure 3A). In addition, treatment of T24 cells
with EERH also upregulated the phosphorylation of AKT

(Figure 3A). However, AKT phosphorylation was
decreased and phosphorylation levels of ERKI/2,
p38MAPK, and JNK were increased in EERH-treated 5637
cells (Figure 3B). To confirm the elevated levels of MAPKs
and AKT phosphorylation in EERH-treated cells, their spe-
cific inhibitors were employed. Pretreatment of SB203580
(p38MAPK specific inhibitor) inhibited EERH-stimulated
p38MAPK phosphorylation in both bladder cancer cell
lines (Figure 3C and D). However, increased phosphoryla-
tion levels of ERK1/2 and JNK by EERH were not affected
in the pretreatment of U0126 (ERKI1/2 inhibitor) and
SP600125 (JNK inhibitor) in T24 cells (Figure 3C), while
EERH-induced phosphorylation levels of ERK1/2 and JNK
were reduced in 5637 cells (Figure 3D). In addition,
LY294002 (AKT inhibitor) inhibited AKT phosphorylation
in EERH-treated T24 cells (Figure 3C). These results dem-
onstrated that EERH differently regulates the phosphoryla-
tion of MAPKs and AKT signaling in bladder cancer cells.

Transcription factors-mediated MMP-9
expression is associated with EERH-stimulated
suppression of bladder cancer cell migration and
invasion

To estimate the metastatic potential of EERH in bladder
cancer cells, we used the wound-healing assay and Boyden
chamber assay in T24 and 5637 cells. Treatment of both
cells with EERH induced inhibition of wound closure
(Figure 4A). In accordance with the result from scratch
assay, invasiveness of both cells was attenuated in the pres-
ence of EERH (Figure 4B). The number of invasive cells
traversing transwell membrane was significantly alleviated
after treatment with EERH (Figure 4B). Based on the zymo-
graphic and immunoblot assay, EERH treatment showed
significant reduction in MMP-9 expression (Figure 4C and
D). The expression levels of MMP-2 also decreased by treat-
ment with EERH (Figure 4C and D). In order to determine
the transcriptional regulation of MMP-9 in EERH-treated
bladder cancer cells, EMSA experiment was performed.
EERH treatment led to the obvious decline in binding
ability of AP-1, NF-xB, and Sp-1 to MMP-9 promoter
region (Figure 4E and F). These results revealed that EERH
impedes the migration and invasion of bladder cancer cells
via reduction of MMP-9 expression by impaired binding
activity of transcription factors.

EERH mitigated tumor growth in the xenograft

mice injected with T24 bladder cancer cells

without apparent toxicity

To further assess the antitumor efficacy of EERH, xenograft

mice bearing T24 bladder cancer were generated. Daily oral
injection with 20 and 200mg/kg of EERH for 20days
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Figure 2. Effects of EERH on the cell cycle regulatory proteins. (A and B) Immunoblotting results for cyclin D1, cyclin E, cyclin-
dependent kinase (CDK)-2, CDK4, p27KIPI, p2IWAFI, and p53 for cells treated with indicated concentrations of EERH.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was utilized as the internal control. (C and D) Cell lysates from T24 and
5637 cells treated with EERH for 24 hours were immunoprecipitated with antibodies against p2 | WAFI, CDK2, and CDK4 and then
immunocomplexes were subjected to immunoblotting using cell lysates. Normal rabbit IgG and mouse control IgG were used as
IgG control. The values are presented as the mean =SD of 3 independent experiments; *P<.05 and **P<.0| compared with the

untreated control.

revealed an evident reduction in tumor weight of xenograft
mice (Figure 5A). The tumor volume of 20mg/kg and
200mg/kg EERH group was significantly decreased com-
pared to the control group (Figure 5C). A decline in tumor
weight and volume at 200 mg/kg EERH was comparable to
that of 5mg/kg cisplatin (Figure SA and C). In addition,

H&E histological staining of the tumor tissues excised from
EERH-treated mice resulted in a significantly decreased
number of cancer cells in comparison to those of non-treated
mice (vehicle) (Figure 5D). Moreover, EERH treatment did
not result in significant body weight loss of the xenograft
mice (Figure 5B). However, the mice administered with
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Figure 3. Effects of EERH on the cell signaling pathway. (A and B) Immunoblotting for total and phosphorylated forms of AKT,
ERK1/2, JNK, and p38MAPK in cells incubated with EERH for 24 hours. (C and D) Cells were pre-incubated with signaling inhibitors
of SB203580 (10M), U0126 (0.5 uM), LY 294002 (10 M), and SP600125 (10 uM) for 40 minutes, followed by EERH treatment for
24 hours. Immunoblotting was performed using cell lysates. Total forms were utilized as internal control. The values are presented as
the mean *=SD of 3 independent experiments; *P <.05 and **P<<.0| compared with the untreated control.

cisplatin exhibited approximately 22% loss of body weight
(Figure 5B). To further investigate the safety of EERH,
single dose acute toxicity assay was performed. During oral
administration of 2000 mg/kg EERH for 14 days, no toxic
signs were observed in any mice, such as hematological
analysis (AST, ALT, ALP, urea, and creatinine) and body

weight loss (Figure 6A and B). Histological analysis dis-
played no pathological abnormality in organ tissues such as
kidney, liver, and lung between treatment and no-treatment
groups (Figure 6C). Angiogenic potential is a crucial step
in the progression and development of tumors.!”18:20
We next performed immunostaining experiment to detect
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Figure 4. Effects of EERH on the migration, invasion, and transcription factors-controlled matrix metalloproteinase (MMP)-

9 expression in bladder cancer cells. Cells were treated with indicated concentrations of EERH. (A) The distance between
wounded areas was photographed (40X magnification) and visualized by inverted microscope. (B) Cells that invaded the bottom
side of the membrane were stained and counted. (C and D) Activity and expression of MMP-9 was analyzed using zymography
and immunoblotting. GAPDH was utilized as internal control. (E and F) Transcriptional activation of Sp-1, AP-1, and NF-kB was
determined by electrophoretic mobility shift assay (EMSA) with radiolabeled oligonucleotide probes. All data are expressed as the
means * standard error (SE) of 3 experiments. ¥**P<.05 and **P<.0| compared with the untreated control.
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Figure 5. Anti-tumor efficacy of oral administration of EERH in the T24 bladder cancer xenograft mice. (A) Growth and weights

of representative isolated tumors. (B) Body weights of mice with EERH treatment were compared with those of mice with cisplatin
treatment. (C) Tumor volume was measured every 5 days. (D) Staining of growing tumor cells (H&E) and microvessel density (CD31)
in tumor tissues. For (A-C), all data are expressed as the mean * SE of 3 experiments. *P<.05 compared with the untreated control.

microvessel density in EERH-treated intratumor tissues
using CD31 protein, which is an endothelial cell marker.
The CD31 expression levels were markedly suppressed in
the tumors from EERH-treated mice as compared with the
non-treated mice tumors, which indicates that the antitumor
effect of EERH is closely linked with angiogenic blood ves-
sel regulators (Figure 5D).

EERH impeded VEGF-induced HUVEC
proliferation by suppressing VEGFR2-mediated
eNOS/AKT/ERK /2 signaling axis

Upon identification of CD31 inhibition in EERH-treated
tumor tissues, we examined whether EERH could affect the

angiogenic regulatory mechanism in HUVECs. Both MTT
assay and cell counting assay were utilized to determine the
effect of EERH on HUVEC proliferation in the absence or
presence of VEGF (20ng/mL). EERH alone at 10, 20, and
40 pg/mL exhibited no effect on the cell viability (Figure 7A).
EERH treatment at 40 pug/mL reversed the VEGF-induced
cell viability to the basal line (Figure 7A). Similar results
were obtained in cell counting assay using trypan blue
staining, which indicated that EERH impaired the VEGF-
stimulated proliferation of HUVECs (Figure 7B). We next
investigated the effect of EERH on the VEGFR2-mediated sig-
naling network including eNOS/AKT/ERK1/2, which is
involved in molecular action of angiogenesis in VEGF-
treated HUVECs. VEGF treatment induced phosphorylation
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Figure 6. A single dose acute toxicity test of the mice administered with EERH on 14 days. Mice were orally administered with
EERH (2000 mg/kg) for 14days. (A) Analysis of biochemical test (AST, ALT, ALP, urea, and creatinine) between control and
EERH-treated mice. (B) Changes in the body weights were observed in the EERH-treated mice. (C) H&E staining results of 3 main
organs (kidney, liver, and lung) in mice orally injected EERH. For (A and B), values are presented as the mean = SD of 3 independent
experiments; *P<.05 compared with the control group.

of VEGFR2 (Figure 7F). VEGF-stimulated phosphorylation =~ ERK1/2 was stimulated by VEGF treatment, while the treat-
of VEGFR2 was interfered with in the presence of EERH  ment with EERH led to a decrease in VEGF-induced phos-
(Figure 7F). In addition, phosphorylation of eNOS, AKT,and  phorylation of eNOS, AKT, and ERK1/2 (Figure 7C-E).
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Figure 7. EERH impeded the proliferation and VEGFR2-driven eNOS/AKT/ERK /2 signaling in the VEGF-stimulated HUVECs.
Cells were incubated with indicated concentrations of EERH for 40 minutes, prior to treatment with VEGF (20 ng/mL) for 24 hours.
Cell proliferation was determined by both cell viability assay (A) and cell counting assay (B). (C-F) Cell lysates were prepared and
phosphorylated level of VEGFR2, eNOS, AKT, and ERK /2 was evaluated by immunoblot experiment. All data are shown as the
means * SE of 3 experiments. #P <.05 compared with control. *P<.05 and **P<.0| compared with VEGF treatment.

Effects of EERH on colony tube formation,

migration, invasion, and expression levels of
MMP-2 in HUVECs induced by VEGF

We assessed whether EERH could inhibit the colony tube
formation, migration, and invasion in VEGF-treated
HUVECs. Treatment with VEGF allowed formation of the
capillary-like tube on the Matrigel, whereas the building
of colony tube structure in HUVECs co-cultured with
VEGF and EERH was abrogated (Figure 8A). In addition,
migratory and invasive efficacies of HUVEC cells were
investigated by wound-healing and Matrigel invasion
assays. VEGF treatment showed induction of wound clo-
sure rates in HUVECS, and treatment of cells with EERH

resulted in the suppressed migratory ability (Figure 8B).
Invasiveness of cells across pores was significantly
increased in the treatment with VEGF, while EERH appli-
cation prevented the invasive potency across the transwell
plates in VEGF-treated HUVECs (Figure 8C). To further
examine the role of EERH in VEGF-treated HUVECs, we
determined the expression levels of MMP-2, which is a
regulator closely associated with the migration and inva-
sion of vascular cells.?®* MMP-2 level was evaluated by
both zymography assay and immunoblot. Upon both assay
systems, MMP-2 expression in HUVECs was rapidly
increased in response to VEGF, meanwhile the utilization
of EERH alleviated the VEGF-stimulated MMP-2 expres-
sion (Figure 8D).
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Figure 8. EERH suppressed the VEGF-stimulated angiogenic actions including colony tube formation, migration, invasion, and MMP-2
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to determine the activity and expression level of MMP-2. GAPDH was utilized as internal control. All data are obtained as the

means *SE of 3 experiments. #P<.05 compared with control. *P <.05 and **P<.0| compared with VEGF treatment.

EERH attenuated the VEGF-mediated
angiogenic vessel formation in aortic ring
sprouting ex vivo model

To evaluate the suppressive effect of EERH on VEGF-
stimulated angiogenic responses, we performed an aortic
ring assay ex vivo. Aortic fragments removed from mice
were put on the Matrigel-coated plate pre-treated with
VEGE. The formation of vessel sprouting around aortic area on
the Matrigel was expanded with VEGF treatment (Figure 9).
However, treatment with EERH markedly prevented the
VEGF-stimulated promotion of microvessel formation.

Identification of kaempferol and HPLC analysis

The antitumor effects of EERH fractions were investigated
using the MTT and cell counting assays. As shown in

Figure 10B to D fraction of EERH showed the best antitu-
mor efficacy against bladder cancer T24 cells. The major
compound of the d-fraction from EERH was identified as
kaempferol via NMR and MS analysis** and confirmed
with HPLC analysis (Figure 10A) and 1H-NMR of kaemp-
ferol (Figure 10D).

Discussion

EERH is widely available in cosmetics and functional foods
worldwide. Given the expanding commercial benefits and
industrial development of EERH in healthcare application,
comprehensive utilization of EERH for the prevention and
management of aggressive cancer must be investigated. In
this study, we evaluated the antitumor efficacy of EERH
in bladder cancer using both in vitro experiments and in
vivo xenograft model. In addition, we performed a safety
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Figure 9. Effects of EERH on the VEGF-induced neovessel sproung using an aortic ring ex vivo model. Representative images of
the microvascular sprouting formed in the aortic ring assay between EERH-treated group and control group. A number of neovessel
sprouting emerging from aortic ring in each group was photographed and counted. All data are represented as the means * SE of

3 experiments. #P<.05 compared with control. *P<.05 and **P<.0| compared with VEGF treatment.

evaluation using the acute toxicity test. Moreover, the anti-
angiogenic effect of EERH was established using an in vitro
and ex vivo model. Furthermore, the main active compound
of EERH was identified as kaempferol by spectroscopic
analysis, HPLC analysis, and NMR analysis.

Promotion and development of bladder tumors depend
on multiple functional processes that are involved in the
uncontrolled proliferation and metastatic potential into sur-
rounding extracellular matrix.>”’ Therefore, primary targets
of effective functional foods or natural molecules being
developed for application against tumor treatment are the
efficient inhibition of vigorous proliferation, rapid migra-
tion, and potent invasion derived from aggressive tumor
cells.>” In the first step of this study, we investigated the
inhibitory effect of EERH on proliferation of T24 and 5637
cells. EERH treatment suppressed T24 and 5637 cell prolif-
eration as demonstrated using the MTT and cell counting
assays. To examine the regulatory mechanism in EERH-
induced bladder cancer cell proliferation inhibition, both
cell cycle and signaling pathways were employed. After the
FACS analysis, immunoblotting, and IP, we determined that
EERH-mediated cell proliferation retardation was because
of the p21WAF1-associated dysregulation of cell cycle reg-
ulatory proteins, such as cyclin D1, cyclin E, CDK2, and
CDK4, at the G,-phase cell cycle arrest. After investigating
the signaling pathways with immunoblotting, our data
revealed that both the AKT and p38MAPK signaling were
involved in EERH-stimulated T24 cells. EERH regulated
the AKT, ERK1/2, INK, and p38MAPK signaling in 5637
cells. These results indicated that EERH might inhibit the
proliferation of bladder cancer cells via the p21 WAF1-
mediated G,-phase cell cycle arrest and regulation of both
AKT and MAPKs signaling pathways.

Another characteristic mechanism of cancer cells during
bladder tumor promotion is migration and invasion of tumor
cells by degrading the extracellular matrix.''"'* In the pres-
ent study, EERH treatment led to the reduction in migration
and invasion of bladder cancer cells as determined by the

wound-healing and transwell plate invasion assays.
Previous studies have demonstrated the function of MMP-9
in tumor progression.!""'* Overexpression of MMP-9 is
remarkably associated with migration and invasion of blad-
der cancer cells in cell lines and clinical studies.'>™
Upregulated level of MMP-9 expression was potently regu-
lated in response to transcription factors, including Sp-1,
NF-«B, and AP-1, in its promoter region.®”!>!1® The results
showed that treatment with EERH suppressed expression of
MMP-9 and binding ability of transcription factors Sp-1,
NF-xB, and AP-1 to its proximal cis-element in the MMP-9
promoter. Earlier studies showed that the rose petal extract
can suppress MMP-9 expression and migration and inva-
sion of vascular smooth muscle cells (VSMC) and some
cancer cells.*** Similarly, it was demonstrated that the
rose petal extract inhibited the binding activity of transcrip-
tion factors in VSMCs.*' However, the present study sug-
gests the first regulatory mechanism demonstrating
inhibition of migration and invasion of cancer cells induced
by reduced transcription factor-mediated MMP-9 expres-
sion. Our findings strongly indicated that EERH treatment
might be responsible for the strong anti-metastatic potential
in bladder cancer. The role of MMP-2 regulation in EERH-
treated cancer cells needs to be elucidated.

Besides the cellular study of EERH in vitro, antitumor
efficacy of EERH was explored for the first time in xeno-
graft mice transplanted with T24 cells. Administration of
EERH could suppress the tumor growth in mice bearing the
bladder cancer cells as demonstrated by measurement of the
weight and volume of tumors and the execution of immu-
nostaining. After 200 mg/kg EERH treatment, reduction of
tumor weight and volume was comparable to the treatment
with 5 mg/kg cisplatin, which demonstrated adverse effects.
In an acute toxicity test, application of 2000 mg/kg EERH
revealed no toxic signs using biochemical analysis and
H&E staining. These results demonstrated that EERH
administration exhibited potent antitumor efficiency to hin-
der tumor growth, which is not ascribed to its toxicity. The
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Figure 10. (A) HPLC chromatogram of EERH and chemical structure of active compound kaempferol. (B and C) MTT assay and cell
counting analysis was employed to determine the anti-tumor effect in the sub-fractions of the EtOAc fraction from EERH.
(D) 'H-NMR of kaempferol. The values are presented as the mean = SD of 3 independent experiments; *P<.05 compared with the

untreated control.

present results suggested that EERH could be utilized as an
effective and safe natural supplement or drug for prevention
and treatment of bladder cancer.

Some studies have addressed the role and function of
angiogenesis during formation, progression, and develop-
ment of tumors.!”!8 Our data demonstrated that the decreased
expression of angiogenic endothelial marker CD31 was

detected in EERH-treated tumor tissues using immunostain-
ing experiment. Therefore, we postulated that application of
EERH could be a novel candidate for cancer prevention and
treatment. In the present study, EERH inhibited the VEGF-
induced proliferation in HUVECs. Activation of VEGFR2-
driven eNOS/AKT/ ERK1/2 signaling was also attenuated
in VEGF-treated HUVECs. Moreover, treatment of
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HUVECs with EERH weakened the VEGF-mediated
angiogenic potential of HUVECs by modulating their tube
formation, migration, invasion, and expression of MMP-2.
Finally, VEGF-stimulated neovessel sprouting from the
aortic rings was attenuated by treatment with EERH. During
progression and development of tumor formation, cancer
cells require the microenvironment followed by enough
supply of nutrients and oxygen to the tumor cells.*40
Blockade of neovessel formation prevents the sufficient
supply of oxygen and nutrients into the tumor mass, and the
inability of cancer cells to progress to the appropriate size
led to the failure of tumor formation.*”*® Previous studies
have demonstrated that anti-angiogenic molecules can
enhance the therapeutic effects of any anticancer drugs.*->°
Here, we suggest that EERH can be a used for the develop-
ment of an effective anticancer drug against bladder cancer
by inhibiting tumor angiogenesis.

Studies have demonstrated that the rose petal extract
contains several types of flavonoids, such as quercetin,
pelargonidin, cyanidine, and kaempferol glycosides.’'>
Result from our previous study showed that kaecmpferol iso-
lated from rose petal exhibited aldose reductase inhibitory
activity.*> Based on the result from MTT and cell counting
assays, demonstrating inhibition of T24 cell proliferation by
EERH fractions, quality standardization of EERH was per-
formed. The main active component of EERH was identi-
fied as kaempferol, which is involved in its antitumor
activity. Importantly, kaempferol has long attracted much
attention owing to its several biological functions, includ-
ing anticancer effects.”* In the present study, HPLC analysis
of the EERH revealed the presence of kaempferol. Thus, we
report that kaempferol is the main active compound of
EERH, which is responsible for its antitumor efficacy.
However, further studies are needed to isolate kaempferol
from EERH and to identify its efficacy using in vitro cell
lines and animal models.

Conclusion

In the present study, we revealed the therapeutic potential of
EERH via the suppression of tumor growth and angiogen-
esis and highlighted anti-angiogenic and anti-tumorigenic
activities of EERH against bladder cancer without any tox-
icity using mice models. EERH exerted in vitro and in vivo
antitumor efficacy associated with cell cycle regulation, sig-
naling pathway, and transcription factor-mediated metastatic
suppression. Treatment with EERH exhibited anti-angio-
genic activity in vitro, involving colony tube formation, pro-
liferation, migration, and invasion of HUVECs via the
VEGFR-2-modulated eNOS/AKT/ERK1/2 signaling cas-
cade and MMP-2 expression. EERH was able to inhibit the
formation of neovessel using the aortic ring ex vivo assay.
EERH did not show any adverse effects as evidenced by

the acute toxicity test. Based on the chemical analysis,
kaempferol was found to be the main active compound
responsible for the antitumor effects of EERH. As a further
study, to identify other signaling pathways involved in
EERH-mediated antitumor effects and angiogenesis inhibi-
tion effects, gene expression analysis such as PCR array,
microarray, and next-generation sequencing will be required.
Finally, we suggest that EERH may be a potential candidate
in future clinical trial as an antitumor agent for the treat-
ment of bladder cancer.
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