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Abstract

Desloratadine, a potent antagonist for human histamine HI receptor, has been revealed to exhibit antihistaminic activity and anti-
inflammatory activity. However, it is not yet known whether desloratadine has any effect on the biological behaviors of tumor cells.
In this study, we aimed to investigate the effects of desloratadine on cell growth and invasion in bladder cancer E] and SW780 cells in
vitro. We observed that desloratadine inhibited cell viability of E] and SW780 cells in a dose- and time-dependent manner.
Desloratadine treatment was also revealed to suppress colony-formation ability and induce cell cycle arrest at G| phase in EJ cells.
Desloratadine promoted cell apoptosis via modulating the expression of Bcl-2, Bax, cleaved caspase 3, and cleaved caspase 9 in E] and
SW780 cells. Western blot resulted showed that desloratadine also impaired the expression of autophagy-related proteins, such as
Beclin 1, P62, and LC3I/Il in E) and SW780 cells; while autophagy inhibitor LY294002 reversed the effects of desloratadine on these
proteins. Moreover, desloratadine remarkably attenuated cell migration and invasion. Furthermore, we illustrated that desloratadine
downregulated the expression of N-cadherin, Vimentin, Snaill, and Snail2, while upregulated the expression of E-cadherin in EJ and
SW780 cells in vitro. The level of interleukin 6 was reduced in desloratadine-treated cells, while upregulation of interleukin 6 sig-
nificantly abolished the anticancer activity of desloratadine in cell invasion and Bcl-2, Bax, Beclinl, LC3-I/ll, N-cadherin, and E-
cadherin expression in E] cells. Taken together, our data suggest a potential anticancer activity of desloratadine on cell growth and
invasion for bladder cancer, which may be mediated by diminishing the epithelial-to-mesenchymal transition and interleukin 6.
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Desloratadine, a potent antagonist for human histamine H1
receptor, is originally used for the treatment of allergies and

Introduction

Bladder cancer is the most prevalent urologic tumor world-

wide, with approximately 350 000 new cases in the world
annually."? Despite advances in the treatment of bladder can-
cer, including radical cystectomy (RC), radiotherapy and post-
operative chemotherapy, or immunotherapy, the prognosis of
patients with bladder cancer is still unsatisfied due to its high
frequency of recurrence and metastasis.’> Hence, discovering
and identifying novel antitumor reagent is urgently needed.
Currently, increasing studies are now focusing on reassessing
known drugs for other diseases in order to discover their poten-
tial antitumor effects.®

allergic rhinitis.”® Desloratadine has been reported to exhibit
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antihistaminic activity and anti-inflammatory activity.” Deslor-
atadine inhibits the production and release of proinflammatory
cytokines, such as the interleukin (IL) 6 and IL-8. It is demon-
strated that desloratadine has no adverse effects on the central
nervous system, cardiovascular system, or gastrointestinal sys-
tem, and no significant drug interactions.” However, whether
desloratadine affects the biological behavior of cancers is not
well understood.

In the current study, the anticancer property of desloratadine
on bladder cancer was investigated in vitro. For the first time,
our data revealed that desloratadine suppressed cell viability,
growth, migration, and invasion of bladder cancer, suggesting a
potential anticancer activity of desloratadine for bladder cancer
therapy. Furthermore, we also found that desloratadine pro-
moted cell apoptosis and autophagy and inhibited epithelial-
to-mesenchymal transition (EMT) process in bladder cancer,
which might be the mechanism underlying the anticancer activ-
ity of desloratadine.

Materials and Methods

Cell Culture

The human bladder cancer cell lines EJ and SW780 were
obtained from the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in Dulbecco modified
Eagle medium (Hyclone) that contained 10% fetal bovine
serum (Gibco) and antibiotics (100 U/mL, Sigma Aldrich) at
37 °C with 5% CO,. LY294002 was obtained from
MedChemExpress.

Dose-Dependent Assay

EJ and SW780 cells were seeded into 96-well plates and then
treated with different concentrations of desloratadine (0, 0.5, 1,
2,4,8, 16,24, 32, and 64 pM, MedChemExpress) for 24 hours.
After treatment, Cell Counting Kit 8 (CCKS8) reagent (10 pL/
well, Beijing Solarbio Science & Technology) was added into
each well, followed by incubation at 37 °C for 90 minutes. The
optical density (OD) was measured at 450 nm.

CCK8 Assay

Cell Counting Kit 8 was used to assess the effect of deslorata-
dine on cell viability. Briefly, EJ and SW780 cells were seeded
in 96-well plates at 1 x 10° per well and cultured for 24 hours;
32 or 12 uM of desloratadine was added into medium to treat
EJ or SW780 cells for 24, 48, 72, and 96 hours, respectively;
Dimethyl sulfoxide (DMSO) was used as negative control
(NC). With an addition of CCKS reagent, cells were incubated
at 37 °C for 90 minutes, following by the measurement of OD
value.

Colony Forming Assay

Cells were seeded in 6-cm culture dish at a density of 500 per
well, followed by the treatment with desloratadine. After

incubation for 1 week at 37 °C with 5% CO,, visible colonies
were fixed in 5 mL of 4% paraformaldehyde for 30 minutes
followed by staining with 0.1% crystal violet for 30 minutes.
The colonies were counted and imaged.

Cell Cycle Analysis

Flow cytometry was used for assessing the effect of deslorata-
dine on cell cycle distribution. After treated with desloratadine
or DMSO for 24 hours at 37 °C, cells were harvested and fixed
in 70% precooling ethanol at —20 °C overnight. Then, cells
were stained with propidium iodide (PI), and cell cycle analysis
was performed by a flow cytometer (BD FACSC anto II, BD
Biosciences). The obtained data were analyzed using BD
FACSDiva software (BD Bioscience).

Cell Apoptosis Analysis

Annexin V-fluorescein isothiocyanate (FITC)/PI kit (BD
Bioscience) was used for detection of cell apoptosis. After
treated with desloratadine or DMSO at 37 °C for 24 hours,
cells were collected and resuspended in 1x binding buffer at
a density of 1 to 5 x 10° cells/mL; 100 uL of cell suspensions
was incubated with 5 pL. of Annexin V-FITC for 5 minutes in
the dark prior to staining with 10 pL of PI. The samples were
analyzed using flow cytometer and calculated by BD FACS-
Diva software.

Wound-Healing Assay

Wound-healing assay was performed for assessment of cell
migration ability. Cells were seeded in 6-well plates at a den-
sity of 5 x 10° cells/well for 12 hours. After that, wounds were
generated using pipette tips followed by the treatment with
desloratadine in serum-free medium for 24 hours. The wound
closure was imaged and analyzed using Imagel software
(National Institutes of Health).

Cell Invasion Assay

Transwell chamber (Millipore) coated with Matrigel (BD
Bioscience) was carried out for cell invasion assay. Cells
treated with desloratadine or DMSO at 37 °C for 24 hours were
trypsinized and resuspended in serum-free medium at 1 x 10°
cells/mL; 100 pL of cell suspensions was added into the upper
compartment of Transwell chambers, meanwhile the complete
medium was added to the lower chamber as the chemo attrac-
tant. Following the incubation at 37 °C for 24 hours, the non-
invaded cells were wiped off with a cotton swab. The invaded
cells were fixed with 4% paraformaldehyde for 30 minutes
followed by staining with 0.1% crystal violet for 20 minutes.
The invaded cells were imaged (magnification, x40) and
counted under the microscope.
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Western Blot Analysis

Cells were collected after 24 hours of treatment with deslorata-
dine or DMSO prior to protein extraction using radioimmuno-
precipitation assay lysis buffer (CWBIO). Equal amounts of
proteins were electrophoresed by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis gel followed by transferring
onto a polyvinylidene fluoride membrane (Millipore). There-
after, 5% nonfat milk was used to block the membrane prior
to the incubation with primary antibodies (1:1000, Proteintech
Group) at 4 °C overnight. Subsequent to that, the membrane was
incubated with the horseradish peroxidase-conjugated secondary
antibodies (1:3000, Proteintech Group) for 1 hour. Finally, an
enhanced chemiluminescence kit (CWBIO) was performed for
signal development. Glyceraldehyde 3-phosphate dehydrogen-
ase was used as an internal control.

ELISA Assay

After the cells were treated with desloratadine for 24 hours, the
supernatant was collected and centrifuged at 300g for 10 min-
utes. Enzyme-linked immunosorbent assay kit (R&D Systems)
was performed to detect IL-6 level according to the manufac-
turer’s instructions.

Statistical Analysis

Each assay was conducted at least 3 times independently, and the
data were expressed as mean + standard deviation. GraphPad
Prism 7.0 was employed for statistical analysis and comparisons
between 2 groups were estimated with student ¢ test or 1-way anal-
ysis of variance. P < .05 was considered statistically significant.

Results

Desloratadine Inhibits the Viability and Growth of Bladder
Cancer Cells

In order to assess whether desloratadine affects the biological
function of bladder cancer, bladder cancer EJ cells were treated
with different concentrations of desloratadine (0, 0.5, 1,2, 4, 8, 16,
24,32, and 64 uM). As indicated in Figure 1A, after treatment for
24 hours, cells treated with 24, 32, and 64 uM of desloratadine
presented significantly decreased viability by CCKS8 assay (P <
.05). The half-inhibitory concentration (ICs) of desloratadine for
EJ cells was 47.32 uM, and 32 uM of desloratadine was used for
EJ cells in all the rest experiments for the appropriate effect,
DMSO was used as NC. While desloratadine with a concentration
of 8 UM or more significantly inhibited SW780 cell viability
(Figure 1B), the ICs of desloratadine for SW780 cells was
18.21 uM, and 12 uM of desloratadine was used for SW780 cells
in all the rest experiments. To further determine the effect of
desloratadine on cell proliferation and viability in vitro, CCK8
assay was performed. It was suggested that 32 pM of deslorata-
dine apparently blocked the proliferation rate of EJ cells after
treatment for 72 or 96 hours (P < .05, Figure 1C). The prolifera-
tion of SW780 cells was also inhibited by 12 pM of desloratadine

(Figure 1D). Moreover, the colony formation assay also revealed
a significant decrease in the colony numbers in the desloratadine-
treated cells, compared to the NC group (P < .05, Figure 1E and
F). Besides, flow cytometry was employed for assessing the effect
of desloratadine on cell cycle distribution. Our data highlighted
that compared with the NC group, the proportion of EJ cells in the
G1 phase was increased after treatment with desloratadine, but the
proportion of cells in the S phase decreased accordingly (P < .05,
Figure 1G and H), suggesting that desloratadine treatment could
induce cell cycle arrest at G1 phase in EJ cells. Furthermore,
Western blot results further indicated that desloratadine reduced
the expression of cyclin D1 and P70S6K in EJ cells (P < .05,
Figure 11 and J). Altogether, these data indicated that deslorata-
dine may inhibit cell growth capability of bladder cancer through
regulating the cell cycle.

Desloratadine Promotes Bladder Cancer Cell Death by
Inducing Apoptosis and Autophagy

Aimed at investigating the effect of desloratadine on bladder
cancer cell death, cell apoptosis was analyzed using flow cyto-
metry assay. The results suggested that desloratadine signifi-
cantly enhanced apoptotic cell rate of EJ and SW780 cells
compared with the NC cells (P < .05, Figure 2A). Next,
apoptosis-related proteins were detected using Western blot
to further figure out the mechanism involved in the increasing
apoptosis by desloratadine. We observed that desloratadine
enhanced the expression of cleaved caspase 3 and cleaved cas-
pase 9 in both EJ and SW780 cells (P < .05, Figure 2B). In
addition, the expression of Bcl-2, a pivotal antiapoptotic pro-
tein, was significantly blocked in desloratadine-treated cells,
whereas the proapoptosis protein Bax was upregulated by
desloratadine treatment (P < .05, Figure 2B). Besides, the
expression levels of autophagy-related proteins were also chan-
ged for the desloratadine treatment. As shown in Figure 2C,
compared to the NC cells, the expression of Beclin 1 was
significantly upregulated in desloratadine-treated cells, and the
ratio of LC3II/LC3I was also remarkably increased, at the
meantime, the expression of P62 was downregulated (Figure
2C), indicating a significant autophagy was induced by deslor-
atadine in bladder cancer cells. Further, treatment with
LY294002, an autophagy inhibitor,” could reverse the promot-
ing effect of desloratadine on Beclin 1 and LC3II/LC3I and the
inhibiting effect on P62 expression (Figure 2D).

Desloratadine Inhibits cell Migration, Invasion, and
Epithelial-to-Mesenchymal Transition in Bladder Cancer
Cells

To further investigate the effect of desloratadine on the meta-
static potential of bladder cancer cells, a wound-healing assay
was carried out to detect cell migration ability. As evident from
Figure 3A, EJ cells treated with desloratadine (32 M) showed a
remarkably delay in the ability to migrate into the blank space
compared with the NC cells (P < .05); SW780 cell migration
ability was also decreased by desloratadine (P < .05).
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Figure 1. Desloratadine inhibits cell viability and growth and induces cell cycle arrest in bladder cancer cells. EJ (A) and SW780 (B) cells were treated
with different concentrations of desloratadine (0, 0.5, 1,2, 4, 8, 16, 24, 32, and 64 pM) for 24 hours, and cell viability was assessed using CCKS8 assay.
CCK& assay was carried out to examine the effect of desloratadine on cell proliferation rate in EJ (C) and SW780 (D) cells, and DMSO was used as
negative control (NC). E, EJ and SW780 cells were treated with desloratadine and allowed to form colonies in fresh medium for 1 week, DMSO was
used as NC. F, Quantitative analysis of colony formation results. G, EJ cells were treated with desloratadine (32 M) for 24 hours, and the cell cycle
distribution was analyzed using flow cytometry. H, Quantitative analysis of cell cycle distribution. I, The relative expression of cyclin D1 and P70S6K
in EJ cells treated with 32 pM of desloratadine for 24 hours. J, Quantitative analysis of Western blot results. GAPDH was used as a loading control.
Data are expressed as the mean + SD from 3 independent experiments. *P <.05, **P <.01 versus the control group. CCKS8 indicates Cell Counting
Kit 8; DMSO, dimethyl sulfoxide; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; SD, standard deviation.

Interestingly, the transwell invasion assay also illuminated that
exposed to desloratadine, EJ and SW780 cells displayed a nota-
ble decrease in cell invasion ability compared with the NC cells
(P < .05, Figure 3B). It is well known that EMT plays a pivotal
role in the metastasis of cancers.'® Herein, the expression of
EMT marker proteins was examined after EJ and SW780 cells
were treated with desloratadine. As indicated by Western blot
assay, the expression of N-cadherin, Vimentin, Snaill, and
Snail2 was apparently downregulated in desloratadine-treated
cells, in contrast, the expression of E-cadherin was upregulated
(P < .05, Figure 3C), suggesting that desloratadine diminishes
EMT process in bladder cancer cells in vitro.

Upregulation of IL-6 Partially Restored the Anticancer
Activity of Desloratadine

Desloratadine has been reported to inhibit the release of IL-6
from basophils and mast cells.” As a multifunctional cytokine,

IL-6 is involved in the progression of bladder cancer.'"'* As
shown in Figure 4A, desloratadine treatment significantly
reduced the IL-6 level in EJ cells (P < .05). Moreover, upre-
gulation of IL-6 could partially restore the inhibitory effect of
desloratadine on EJ cell invasion compared with desloratadine-
treated cells (Figure 4B). Further, upregulation of IL-6 also
abolished the regulation of desloratadine in Bcl-2, Bax,
Beclinl, LC3-II/LC3-1, N-cadherin, and E-cadherin expression
in EJ cells (Figure 4C).

Discussion

Bladder cancer is characterized by high recurrence rate, rapid
progression, and high mortality. Finding new agents that inhibit
the growth and metastasis of bladder cancer is a new perspec-
tive for developing new therapeutic strategies for bladder can-
cer. In this study, for the first time, we identified that
desloratadine inhibited cell viability in a dose- and time-
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Figure 2. Desloratadine promotes apoptosis and autophagy in bladder cancer cells. A, EJ and SW780 cells were treated with desloratadine for 24
hours, and flow cytometry was carried out to assess apoptosis rate in EJ cells. B, Western blot assay was performed to detect the expression of
cleaved caspase 3, cleaved caspase 9, Bax, and Bcl-2 in EJ and SW780 cells treated with desloratadine for 24 hours. C, The expression of
autophagy-related proteins, Beclin 1, P62, and LC3U/II, were detected in EJ and SW780 cells treated with desloratadine for 24 hours using
Western blot assay. D, The expression of autophagy-related proteins was detected after bladder cancer cells treated with desloratadine or
desloratadine + LY294002 (15 pM) for 24 hours using Western blot assay. Data are expressed as the mean + SD from 3 independent
experiments. *P < .05, **P < .01 versus the control group; AP < .05 versus desloratadine-treated group. SD indicates standard deviation.

dependent manner using CCKS assay, and clonogenic ability of
both EJ and SW780 cells was also significantly decreased by
desloratadine, suggesting an antigrowth activity of deslorata-
dine in bladder cancer. As well known, p53 is frequently
mutated or inactivated in bladder cancer. Our data showed that
desloratadine could inhibit the proliferation of p53 mutated EJ

cells and p53 wild-type SW780 cells, indicating that the anti-
tumor proliferation activity of desloratadine is independent
of p53.

Normal cell cycle progression is the important mechanism
for cell proliferation, and aberrant cell cycle activity is fre-
quently occurred during tumorigenesis.'*'* Blocking cell cycle
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Figure 3. Desloratadine suppresses cell migration, invasion, and EMT in bladder cancer cells. A, A wound-healing assay was carried out to
detect cell migration ability of EJ and SW780 cells treated with desloratadine. B, Transwell assay was performed to assess cell invasion of EJ
and SW780 cells treated with desloratadine for 24 hours. C, EJ and SW780 cells treated with desloratadine for 24 hours, Western blot was

performed to detect the expression of EMT-related markers, N-cadherin, E-cadherin, Vimentin, Snaill, and Snail2. Data are expressed as the
mean + SD from 3 independent experiments. *P < .05, **P < .01 versus the control group. EMT indicates epithelial-to-mesenchymal transition;

SD, standard deviation.

progression is thought to be an effective approach to inhibit
tumor growth and destroy tumor cells.'®> Therefore, further
study was drived to investigate the effect of desloratadine on
cell cycle of EJ cells. Our data from flow cytometry revealed a
remarked cell cycle arrest at G1 phase induced by desloratadine
in EJ cells. Cyclin D1 is an indispensable regulator of cell cycle
G1 to S phase transition. We observed that desloratadine treat-
ment led to significant decrease in the expression of cyclin D1.
P70S6K is also revealed to be upregulated in cancers, which
functions in promoting protein synthesis and cell prolifera-
tion."” In addition, the expression of P70S6K was also inhibited
by desloratadine in EJ cells. Together, these data indicated that
desloratadine may inhibit cell growth of bladder cancer through
inducing cell cycle arrest.

Apoptosis, a type of strict programmed cell death to control
cell growth, is frequently dysregulated in tumor cells. Promot-
ing tumor cell apoptosis is a pivotal hallmark of cytotoxic
antitumor agents.'®'® In the current study, we observed that
another important feature of desloratadine was the induction of
apoptosis in EJ and SW780 cells. Apoptosis process involves a
series of proteolytic events which are mainly initiated by
cysteine proteases, especially the caspase family, a pivotal
executioner to trigger apoptosis.'® Bcl-2 family is the key reg-
ulator of apoptosis process, in which the increased Bax/Bcl-2
results in the activation of caspase 9 and caspase 3.%° As indi-
cated by Western blot results, the Bax, cleaved caspase 3, and
cleaved caspase 9 were upregulated by desloratadine treatment,
whereas the expression of Bcl-2 was downregulated in EJ and
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SW780 cells, indicating that desloratadine promotes apoptosis
of bladder cancer cells in mitochondrial pathway through reg-
ulating the Bcl-2/Bax axis and caspase cascade.

Autophagy is often related with the stress and is another
complex cellular process to cause cell death, which plays
important roles in tumor progression.”'** Autophagy can work
together with apoptosis and act as a backup mechanism to
induce cell death in the case of apoptosis defect. The apoptosis
and autophagy pathways are interrelated and regulate each
other.?® Studying and utilization of these interactions will be
helpful to further reveal the pathogenesis of tumors and find
effective targets for tumor treatment. Autophagy and apoptosis
cooperation are frequently reported in tumors, such as cera-
mide could promote apoptosis and autophagy in breast and
colon cancer cells.** Tt is also found that both of them are
activated in the clinical trials of arsenic trioxide treatment
of T-lymphocytes.>> Maranhdo et al found that PJOV56, a
new quinoxalinyl-hydrazone derivative, induces both autop-
hagy and apoptosis in colorectal cancer cells.?® Therefore, we
examined whether desloratadine impacted autophagy in blad-
der cancer. During autophagy, the cytoplasmic LC3I is trans-
located to the autophagosome membrane form LC3II, as a
result, the ratio of LC3-II/I can estimate the level of autop-
hagy.?”® p62 is the first described selective autophagy recep-
tor in mammals,?® which is decreased during autophagy and

accumulates when autophagy is inhibited.*® Beclin 1 is also
reported to be a key regulator of autophagy. Herein, our data
confirmed that desloratadine increased the expression of
Beclin 1 and the ratio of LC3II/LC3I, while reduced the
expression of P62 in EJ and SW780 cells, suggesting that
desloratadine treatment causes autophagy in bladder cancer
cells. Moreover, treatment with autophagy inhibitor
LY294002 could rescue desloratadine-induced autophagy in
bladder cancer cells. These results reveal that the activity of
desloratadine in suppressing tumor cell survival might be
mediated by inducing apoptosis and autophagy in bladder
cancer. However, it is not clear whether apoptosis or autop-
hagy is the main cause of desloratadine induced-cell death in
bladder cancer, which is also the focus of our next study.
Metastasis is the leading cause of cancer-related death in
bladder cancer. In our study, we observed a significant suppres-
sion of migration and invasion in EJ and SW780 cells follow-
ing the desloratadine treatment. As well known, EMT is the
main mechanism for promoting tumor metastasis and inva-
sion.*! During this process, epithelial cells lose their properties,
which are characterized by downregulation of epithelial marker
proteins such as E-cadherin, and acquire mesenchymal pheno-
types, which are characterized by upregulation of mesenchy-
mal marker proteins such as Vimentin and N-cadherin.**~** Our
data indicated that desloratadine blocked the protein expression
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Figure 5. The model of desloratadine inhibiting in the progression of
bladder cancer.

of acquired markers of EMT, such as N-cadherin and Vimen-
tin, and upregulated the expression of attenuated marker of
EMT in EJ and SW780 cells such as E-cadherin, suggesting
that desloratadine suppresses the EMT process in bladder
cancer cells. The transcription factors Snaill and Snail2 are
well-known suppressor of E-cadherin, and their activation is
involved in EMT events in tumors.’>*® The decrease in
expression of Snaill and Snail2 provided further evidence for
the suppression of EMT in bladder cancer cells. Herein, these
results indicate that desloratadine might inhibit cell migration
and invasion through diminishing EMT process in bladder
cancer cells.

Previous study report that IL-6 is overexpressed in bladder
cancer and associated with poor prognosis of patients with
bladder cancer.'! Downregulation of IL-6 inhibits tumor
growth and invasive capability and EMT in bladder cancer.'!
It has been revealed that desloratadine could inhibit the release
of IL-6 from basophils and mast cells.” Herein, we found that
IL-6 was downregulated in desloratadine-treated cells, it’s
upregulation abolished the suppressive effect of desloratadine
on cell invasion, as well as expression of apoptosis-,
autophagy-, and EMT-related proteins. Therefore, deslorata-
dine might inhibit the growth and invasion of bladder cancer
cells by downregulating IL-6 (Figure 5).

In conclusion, we for the first time demonstrated the antic-
ancer activity of desloratadine on cell growth through inducing
cell cycle arrest at G1 phase, apoptosis and autophagy, and
desloratadine inhibits cell invasion via suppressing EMT in
human bladder cancer cells. Further, IL-6 may be involved in
the anticancer activity of desloratadine in bladder cancer

(Figure 5). Our findings might provide a novel anticancer agent
for therapy of bladder cancer.
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