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Introduction: Based on accumulating evidence, transient receptor potential (TRP) ion
channels may play important roles in the occurrence and the progression of cancer. TRP
melastatin 8 (TRPM8), a member of the TRP family, functions as a Ca2+-permeable channel
and regulates various physiological and pathological processes. However, the effects of
TRPM8 on bladder cancer (BCa) and its underlying mechanisms have not been elucidated.
Methods: BCa tissues and matched noncancerous tissues were collected to examine the
expression of the TRPM8 mRNA and protein using qRT-PCR, Western blotting and immu
nofluorescence staining. Meanwhile, the effect of knockdown or inhibition of the activity of
the TRPM8 protein on the proliferation, migration and ROS metabolism of bladder cancer
cells was detected using the MTT assay, clonogenic survival assay, Transwell chamber
migration assay, and reactive oxygen species (ROS) detection, respectively. Furthermore,
a mouse model transplanted with BCa cells was established to assess tumor growth after
TRPM8 expression was inhibited in vivo.
Results: Compared with the noncancerous tissues, the levels of TRPM8 in BCa tissues were
significantly increased. Knockdown or inhibition of the activity of the TRPM8 protein in
BCa cells reduced cell proliferation and migration. Moreover, the production of ROS was
increased in cells treated with siTRPM8, which was accompanied by increased levels of
Catalase, HO-1 and SOD2. Furthermore, a mouse model transplanted with the stable
TRPM8-deficient T24 cell line was established, demonstrating that knockdown of TRPM8
delayed tumor growth in vivo.
Discussion: TRPM8 might play an essential for BCa tumor progression and metastasis by
interfering with BCa cell proliferation, motility, ROS metabolism and migration.
Keywords: bladder cancer, TRPM8, proliferation, migration, reactive oxygen species

Introduction
Bladder cancer (BCa) is one of the most common urological malignancies in the
world.1 Although many therapeutic strategies are available for patients with BCa,
the recurrence and mortality rates are still high and the mechanism of BCa
progression and recurrence remain unclear.2 Therefore, an urgent need is to identify
suitable therapeutic targets and potential molecular pathways underlying BCa
progression. Therefore, in previous experiments we collected some human bladder
cancer tissues and normal bladder epithelial tissues and performed a microarray
analysis.3 The results of the pathway network analysis revealed that BCa might be
associated with the MAPK signaling pathway and calcium signaling pathway.4
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Meanwhile, several differentially expressed genes
involved in the calcium signaling pathway were identified
in the mRNA microarray results.4
At the cellular level, ion channels and calcium home
ostasis are involved in the mechanisms regulating apopto
sis, proliferation and differentiation.5,6 The transient
receptor potential (TRP) superfamily of ion channels is
divided into families, such as TRPV and TRPM.7 Most of
these proteins are permeable to Ca2+ or Mg2+ and are
involved in various physiological and pathological
processes.8 In addition, over the past few decades, transi
ent receptor potential ion channels have consistently been
shown to be related to tumorigenesis and development in
various cancers.5 A histone deacetylase inhibitor (HDACi)
inhibits the growth of BCa T24 cells by enriching
H3K9Ac at the TRPM2 promoter and upregulating its
expression.9 As shown in our previous study, TRPM7,
a Mg2+/Ca2+-permeable channel, is essential for BCa cell
proliferation, motility and apoptosis and closely interacts
with the MAPK signaling pathway.4
TRPM8, another member of the TRPM superfamily, is
associated with the Gleason score and the TNM stage and
is reported as a biomarker for prostate cancer.10 According
to the results of in vitro and in vivo experiments, TRPM8
alters the proliferation and efficacy of epirubicin che
motherapy in prostate cancer.11–14 Meanwhile, TRPM8
was recently reported to be abnormally expressed in
other cancers, including breast cancer, pancreatic adeno
carcinoma, osteosarcoma, and BCa.15–17 Ceylan et al
observed a significant decrease in the expression of
TRPM8 in bladder cancer tissues using qRT-PCR and
immunohistochemistry analysis.18 In contrast, Xiao et al
reported a significant upregulation of TRPM8 in BCa
tissues compared with matched noncancerous tissues, and
its expression was associated with the histological grade
and tumor stage.19 Based on these controversial results,
the association between the expression of TRPM8 and the
development of BCa must be clarified. Menthol, an impor
tant component of peppermint oil, increases the intracel
lular calcium concentration via the TRPM8 channel. After
menthol treatment, the viability of T24 cells is reduced in
a dose-dependent manner.20 Therefore, we hypothesized
that TRPM8 would affect the biological behaviors of
bladder cancer cells, but its effects on pathogenesis of
BCa have not yet been clarified.
Overall, the purpose of this study is to investigate the
correlation between bladder cancer and TRPM8 expres
sion levels, and to elucidate the potential mechanism
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underlying the effects of TRPM8 gene silencing or its
antagonists.

Materials and Methods
Human Bladder Tissue Samples
As described in the study by Cao et al from our group,4 the
stage II bladder cancer tissue samples (n = 17) and
matched paracancerous tissues samples (n = 17) were
obtained from male patients (ages 62.88 ± 5.34) after
radical cystectomy, and three normal bladder tissue sam
ples were obtained after an accidental death from donors at
Zhongnan Hospital of Wuhan University. Informed con
sent was obtained from all subjects to collect the samples,
and it was conducted in accordance with the Declaration
of Helsinki. Histological diagnosis of the bladder tissues
were by two pathologists. The tissue samples were fixed
with 4% paraformaldehyde (PFA) for subsequent immuno
fluorescence staining or snap frozen and stored in liquid
nitrogen for subsequent RNA isolation. This study was
approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University (approval number: 2015029)
(Supplementary Materials 1). The sample collection and
treatment procedures were conducted in accordance with
the approved guidelines.

BCa Cell Lines
The T24 human BCa cell line (transitional cell carcinoma,
Cat. #SCSP-536) was acquired from the Chinese Academy
of Sciences in Shanghai, China. The EJ human BCa cell
line (carcinoma, Cat. #CL-0274) was purchased from
Procell Co. Ltd., Wuhan, China. The cells were identified
by the China Center for Type Culture Collection in
Wuhan, China. T24 and EJ cells were cultured in RPMI1640 medium (containing 1% penicillin G sodium/strepto
mycin sulphate and 10% fetal bovine serum) in an
atmosphere containing 5% CO2 at 37 °C.

RNA Extraction, Reverse Transcription
and Quantitative Real-Time PCR
(qRT-PCR)
Total RNA was isolated from BCa cells and tissues using
the RNeasy Mini Kit from Qiagen (Cat. #74101) and
QIAshredder (Qiagen, Cat. #79654), according to the man
ufacturer’s protocol. The concentration of total RNA was
measured with a NanoPhotometer (Implen, Cat. #N60).
The ReverTra Ace qPCR RT Kit (Toyobo, Cat. #FSQ101) was used for the reverse transcription. 500 ng

OncoTargets and Therapy 2020:13

Dovepress

cDNA templates were added to a PCR system with a final
volume of 25 μL. All primers used in our study were
tested for optimal annealing temperatures and PCR condi
tions were optimized with gradient PCRs on a Bio-Rad
iCycler (Cat. #CFX96). Primer sequences are listed in
Supplementary Table S1. The mRNA expression levels
of each gene were normalized to GAPDH.

Knockdown of TRPM8 in BCa Cells
TRPM8-target specific siRNA and lentiviral small hairpin
RNA (LV-shRNA) were purchased from Genepharma Ltd. in
Suzhou, China. The T24 and EJ BCa cells were transfected
with the TRPM8-target specific siRNA (siTRPM8) using
Lipofectamine 2000 (Invitrogen, Cat. #11668-027), accord
ing to the manufacturer’s protocol. The sense sequence of the
siRNAs were as follows: siTRPM8-1 (5ʹ-GGAGTC
TGCTGACCTTCAA −3ʹ), siTRPM8-2 (5ʹ-GCTGTGGC
TTTGTATCATT-3ʹ), siTRPM8-3 (5ʹ-GGATATTC CGTT
CGGTCAT-3ʹ), and si-control (5ʹ-UUCUCCGAACGU
GUCACGUTT-3ʹ). The qRT-PCR, Western blotting and
immunofluorescence staining analyses were performed to
evaluate alterations in the levels of the TRPM8 mRNA and
protein at 48 h after the siTRPM8 transfection. T24 BCa cells
were infected with lentiviral-TRPM8-shRNA (LV-M8sh)
and lentiviral-control-shRNA (LV-NC), and then treated
with 0.8 mg/mL puromycin for approximately 14 days to
select antibiotic-resistant, stably transfected cells.

MTT Assay
Forty-eight hours after transfection, cells were seeded in
96-well plates (2,000 cells per 200 μL of medium) and
cultured for 48 h before 10 μL of 5 mg/mL MTT were
added to each well and incubated for 4 h at room tempera
ture. The medium was removed from the 96-well plate and
100 μL of DMSO were added to dissolve the formazan
precipitate. A microplate reader was used to measure the
absorbance at 490 nm and assess cell viability (Molecular
Devices, Cat. # SpectraMax M2).

Wang et al

ROS Detection by Staining Cells with
DCFH-DA
Intracellular ROS levels were evaluated using the fluores
cent probe 2′,7′-dichlorofluorescein diacetate (DCFH-DA).
Cells were transfected and cultured for 48 hours. Cells
were collected, washed, and resuspended in 1 mL serumfree medium containing 10 μmol DCFH-DA (SigmaAldrich, Cat. # D6883) at 37°C for 30 min. Thereafter,
the cells were washed three times with serum-free medium
and subjected to a flow cytometry analysis. For DCFH-DA
fluorescence staining, transfected BCa cells cultured on
glass slides were stained with DCFH-DA for 30 min at
room temperature and then washed three times with PBS.
Nuclei were counterstained with DAPI for 10 min at room
temperature. Images of the fluorescent dye were captured
with a fluorescence microscope (Olympus, Cat. #IX73).

Transwell Chamber Migration Assay
For the migration assay, 200 μL serum-free medium con
taining 6×104 cells were seeded in the upper transwell
chambers (Corning, Cat. #3450). Medium containing
10% FBS was added to the lower chambers to induce
cell migration. After culture for 24 h, the cells were
fixed with 4% paraformaldehyde, washed with PBS and
stained with 0.1% crystal violet. The numbers of migrated
cells were counted using a phase contrast microscope and
statistically analyzed.

(4-Tertbutylphenyl)-4-(3-Chloropyridin2-Yl)Tetrahydropyrazine-1(2H)-CarboxAmide (BCTC) Treatment of BCa Cells
BCa T24 cells were seeded in 6-well plates, cultured for
24 h, and then treated with 0, 20 or 40 μM BCTC (SigmaAldrich, Cat. #SML0355) for 48 h. Alterations in prolif
eration and migration were measured using the MTT assay,
Ki-67 immunofluorescence staining and transwell chamber
migration assay, respectively.

Western Blot Analysis
Clonogenic Survival Assay
Forty-eight hours after transfection, BCa cells were seeded
in 6-well plates (800 cells per well) and cultured for 2
weeks. When colonies were visible, the cells were fixed
with 4% paraformaldehyde for 30 min and then stained
with 0.1% crystal violet. The numbers of colonies were
counted with the naked eyes and a phase contrast
microscope.
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For this assay, 7.5–12.5% SDS-PAGE gels were used to
separate total protein isolated from cells, and the proteins
were subsequently transferred to PVDF membrane
(Millipore, Cat. #IPVH00010). Membranes were blocked
with 5% fat-free milk for 2 h at room temperature and incu
bated with primary antibodies (Supplementary Table S2) for
12 h at 4°C. After being washed three times with T-BST,
membranes were incubated with an HRP-conjugated
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secondary antibody (Supplementary Table S3) for 2 h. Bands
were detected using an enhanced chemiluminescence kit (BioRad, Cat. #1705060) and exposed to Kodak Biomax MR
Films.

Immunofluorescence Staining
All tissues samples were fixed with 4% paraformaldehyde
overnight at 4 °C and then embedded in paraffin using
a tissue processor (Thermo Fisher Scientific, Cat. #STP
120). Paraffin sections (5 μm) were cut with a rotation
microtome (Thermo Fisher Scientific, Cat. #HM325).
Sections were blocked with 10% goat serum at room
temperature for 45 min, and then serially incubated with
the indicated primary antibody (Supplementary Table S2)
and Cy3-labeled or FITC-labeled secondary antibody
(Supplementary Table S3) in a humidified atmosphere.
Nuclei were counterstained with DAPI for 10 min at
room temperature. Images of fluorescently labeled tissue
sections were captured with a fluorescence microscope
(Olympus, Cat. #IX73).

Hematoxylin and Eosin (H&E) Staining
All sections were deparaffinized and rehydrated in xylene,
100%, 96%, 80%, 70% ethanol and H2O, and then stained
with 10% hematoxylin (Sigma-Aldrich) for 7 min. After
washes with water for 10 min, 1% eosin in 0.2% glacial
acetic acid was used to stain the cytoplasm. The sections
were washed with water and dehydrated in 70%, 80%,
96%, and 100% ethanol and xylene. Images were captured
using an inverted phase contrast microscope (Leica, Cat.
#DMI 1).

Xenograft Model
Ten 3-week-old male NOD/SCID mice were purchased
from Beijing Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China). The mice were housed in an
SPF environment in the laboratory animal facility of
Zhongnan Hospital of Wuhan University for one week.
Ten male NOD/SCID mice were subcutaneously injected
with T24 cells infected with lentiviral-TRPM8-shRNA
(n = 5) and lentiviral-control-shRNA (n = 5) in the
dorsal area near the forelimbs. Cells were resuspended
in 100 μL of PBS at a concentration of 2 × 107 cells/mL.
Calipers were used to measure the dimensions of the
tumor, and the tumor size was calculated with the fol
lowing formula: Tumor size = length × width2 ×
0.5 mm3. After observing tumor growth for 46 days,
the mice were sacrificed by cervical dislocation to collect
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tumor tissues. The animal experiment was in accordance
with animal welfare and European animal care
guidelines,21 and approved by the Institutional Animal
Care and Use Committee at Center for Animal
Experiment, Wuhan University (approval number:
2018152) (Supplementary Materials 2).

Statistical Analyses
All experiments were repeated at least three times.
Statistical analyses were performed using SPSS 16.0 soft
ware. Two-tailed Student’s t-tests were used to evaluate
the statistical significance of differences in data. P-values
<0.05 were considered to be significant.

Results
TRPM8 Expression Was Upregulated in
BCa Tissues
Double immunofluorescence staining was performed to
investigate TRPM8 expression in BCa tissues (n = 3),
matched paracancerous tissues (n = 3) and normal bladder
tissues (n = 3). OCT-4 was used as a marker of BCa cells.
More TRPM8 and OCT-4 double-labeled cells were
detected in the BCa tissues than the matched paracancerous
bladder tissues and normal bladder tissues (Figure 1A),
consistent with a previous study.19 Meanwhile, we per
formed qRT-PCR analysis to evaluate the mRNA expression
levels of TRPM8. Compared with the matched paracancer
ous tissues (n = 17), TRPM8 was significantly upregulated
in the BCa tissues (n = 17) (Figure 1B). In addition, the
bladder cancer data collected from the TCGA database
revealed increased levels of the TRPM8 mRNA in BCa
(P<0.05) (Figure 1C)

Downregulation of TRPM8 Reduced the
Viability and Proliferation of BCa Cells
We constructed a TRPM8 knockdown cell model by trans
fecting an siRNA into BCa cell lines to investigate the
function of TRPM8 in bladder cancer. We treated the BCa
cells with three TRPM8 target-specific siRNAs, and then
validated the knockdown efficiencies using qRT-PCR
(Figure 1D) and Western blotting (Figure 1E) at 48
h after transfection. Moreover, immunofluorescence stain
ing revealed a substantial decrease in the level of the
TRPM8 protein in cells transfected with the siRNAs
(Supplementary Figure S1). Based on these results,
TRPM8 expression was decreased at both the mRNA
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Figure 1 TRPM8 expression in BCa tissues. (A) Immunofluorescence staining for TRPM8 (green) in normal bladder tissues, paracancerous tissues and BCa tissues. OCT-4
(red) was used as a marker of BCa cells, and nuclei were stained by DAPI (blue). The scale bar represents 250 μm. (B) qRT-PCR analysis of the expression of TRPM8 mRNA
in BCa (n = 17) and matched paracancerous tissues (n = 17). (C) Increased expression of TRPM8 in BCa tissues from the TCGA database was analyzed. (D) qRT-PCR
validated the efficacy of knockdown at mRNA level by TRPM8 target-specific siRNA (siTRPM8) in BCa T24 cells. (E) Western blot analysis validated the efficacy of
knockdown at the protein level by the TRPM8 target-specific siRNA (siTRPM8) in T24 BCa cells. *p<0.05.
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and protein levels in the knockdown cell model. Thus,
siTRPM8-3 was used in the subsequent experiments.
T24 and EJ cells were transfected with TRPM8 targetspecific siRNA (siTRPM8 group) and negative control
siRNA (NC group) for 48 h and analyzed using the MTT
assay to determine the effect of TRPM8 on the viability
and proliferation of BCa cells, suggesting that TRPM8
knockdown inhibited BCa cell proliferation (Figure 2A
and Supplementary Figure S2). Moreover, the clonogenic
survival assay revealed a significant decrease in the num
ber of colonies formed by TRPM8 siRNA-treated T24
(Figure 2B and C) and EJ BCa cells (Supplementary
Figure S3A and B) compared with the NC group.

Induction of ROS Accumulation in
TRPM8-Deficient BCa Cells
The ROS levels in T24 BCa cells transfected with either the
NC or TRPM8 siRNA for 48 h were detected using flow
cytometry. The siTRPM8 group exhibited greater ROS
accumulation than the NC group (Figure 2E and F).
Consistently, an increased percentage of ROS-positive cells
was observed in the siTRPM8 group after DCFH-DA stain
ing using a fluorescence microscope (Figure 2D). Western
blot analysis revealed increased levels of proteins associated
with ROS metabolism (Catalase, HO-1 and SOD2) and
decreased levels of SIRT1 in the BCa cells that had been
transfected with the TRPM8 siRNA for 48h (Figure 2I).

TRPM8 Knockdown Suppressed BCa Cell
Migration
Transwell migration assay was used to measure cell migra
tion. Migration rates were significantly decreased in the
TRPM8 siRNA-treated BCa cells T24 (Figure 2G and H)
and EJ (Supplementary Figure S4A and B).
Proteins involved in tumor metastasis, including βcatenin, vimentin, paxillin and snail, were analysed
using Western blotting (Figure 2I). The results revealed
decreased levels of β-catenin, vimentin, paxillin and
snail in siTRPM8 group. Meanwhile, the activation of
ERK1/2 and p38, two members of the MAPK signaling
pathway, was altered in the T24 cells transfected with
the TRPM8 siRNA. The levels of phosphorylated
ERK1/2 (p-ERK1/2) and phosphorylated p38 (p-p38)
were reduced in the siTRPM8 group. In addition,
Western blotting results also revealed changes in the
AKT/GSK3β signaling pathway, as p-AKT levels were
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decreased and p-GSK3β levels were increased in
TRPM8-deficient cells (Figure 2I).

BCTC, an Antagonist of TRPM8, Inhibited
BCa Cell Proliferation and Migration
T24 cells were treated with different concentrations (0,
2.5, 5, 10, 20, 40, 60 or 80 μM) of BCTC for 48 h and
proliferation was measured using the MTT assay to opti
mize the effect of BCTC on cell viability. Compared to the
0 µM group, the viability of T24 cells was considerably
inhibited by the BCTC treatment for 48 h in a dosedependent manner (Figure 3B). The proliferation of T24
cells treated with 0, 20 and 40 μM BCTC for 48 h was
detected using Ki-67 immunofluorescence staining. Ki-67
is an important marker of proliferating cells. Compared to
the 0 μM group, the number of Ki-67 positive BCa cells
(green) was substantially reduced by treatments with 20
and 40 μM BCTC for 48 h (Figure 3A). Meanwhile, cell
migration was measured using transwell migration assay.
After 48 h of treatment with BCTC, the relative migration
rate of T24 cells was significantly decreased compared to
the control groups (Figure 3C and D).

Effect of TRPM8 on BCa Cell Growth
in vivo
T24 cells were infected with lentiviral-TRPM8-shRNA
(LV-M8sh) or lentiviral-control- shRNA (LV-NC) to estab
lish a stable TRPM8-deficiency T24 cells line or the con
trol T24 cells line, respectively, and to examine the effect
of TRPM8 knockdown on BCa cell growth in vivo. The
knockdown efficiency of the shRNA was validated by
performing qRT-PCR (Figure 4A) and immunofluores
cence staining (Figure 4B), indicating that TRPM8 was
remarkably silenced at both the mRNA and protein levels
in the T24 cells infected with LV-M8sh. Then, the T24 LVM8sh cells or T24 LV-NC cells were subcutaneously
injected into the dorsal area of the NOD/SCID mice near
the forelimbs. The tumor size was measured with a caliper
approximately two weeks after the cells were injected. As
shown in Figure 4D, compared with the T24 LV-NC
group, tumor growth was significantly inhibited in the
T24 LV-M8sh group. After the specified observation per
iod, tumor-bearing mice were sacrificed by cervical dis
location, and the tumors were dissected from subcutis of
tumor-bearing mice (Figure 4C). The dissected tumors
were embedded in paraffin and stained with H&E. The
number of tumor cells was decreased in the LV-M8sh
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Figure 2 Effect of TRPM8 on BCa T24 cells. (A) The cell viability was analyzed by MTT assay using T24 cells treated by TRPM8 target-specific-siRNA (siTRPM8) and negative-controlsiRNA (NC). (B) Clonogenic survival assay was performed to measure the proliferation of T24 cells after siRNA transfection for 48 h and culture in 6-well plates for 15 days. The scale
bar represents 1 cm. (C) The cell number per field in the clonogenic survival assay was counted and statistically analyzed. (D) Representative images of DCFH-DA staining of ROS (green)
in T24 cells transfection with siRNA. Nuclei were stained with DAPI (blue). The scale bar represents 250 μm. (E) Statistical analysis of the relative fluorescence of ROS in T24 cells after
the siRNA transfection. (F) The ROS level was detected in T24 cells after siRNA transfection using flow cytometry. (G) Statistical analysis of the results of the transwell migration assay.
(H) Transwell migration assay was performed to measure the migration of T24 cells after siRNA transfection. The scale bar represents 100 μm. (I) Western blot analyses of the levels of
proteins involved in cell viability, ROS metabolism and migration. GAPDH served as a loading control. All values are presented the mean ± SD of triplicate measurements, and the
experiments were repeated three times with similar results, *p<0.05, **p<0.01.
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Figure 3 BCTC reduces the viability and migration of T24 cells. (A) Immunofluorescence staining of Ki-67 (green) in T24 cells treated with 0, 20 or 40 μM BCTC for 48
h. Nuclei were stained by DAPI (blue). The scale bar represents 250 μm. (B) The viability of T24 cells treated with different concentrations of BCTC (0, 2.5, 5, 10, 20, 40, 60
or 80 μM) for 48 h was evaluated using the MTT assay. (C) Transwell migration assay was performed to measure the migration of T24 cells that had been pretreated with 0,
20 or 40 μM BCTC for 48 h. The scale bar represents 100 μm. (D) The relative cell migration rate was calculated and a statistical analysis was performed. All values are
presented as the mean ± SD of triplicate measurements and the experiments were repeated three times with similar results, **p<0.01.

group compared with the LV-NC group (Figure 4E).
Immunofluorescence staining analysis revealed intensities
of TRPM8 staining in tumors from the LV-M8sh group,
which indicated a persistently reduced level of TRPM8
over an extended period. Moreover, fewer Ki-67 positive
cells were detected and the intensity of SOD2 staining was
increased in tumors from the LV-M8sh group compared
with the control group (Figure 4F), consistent with the
results of the in vitro experiments (Figure 2I).

Discussion
Bladder cancer is one of the most common urinary tract
tumors. The current gold standard for diagnosis is cystoscopy
biopsy. However, if the tumor is small, its biopsy will mainly
depend on the experience and skills of the clinician.
Therefore, the identification of new biomarkers for the diag
nosis and treatments of bladder cancer is important. We
performed a transcriptome analysis of bladder cancer tissues
and normal bladder tissues, and the results suggested that the
calcium signaling pathway and MAPK signaling pathway
were significantly associated with BCa. TRPM8, a Ca2+permeable channel, is an important member of the TRPM
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family. After T24 BCa cells were treated with a TRPM8
agonist, the intracellular calcium concentration was
increased and cell viability was reduced, indicating that
TRPM8 was essential for bladder cancer cell viability.20
However, differences in TRPM8 expression in bladder can
cer tissues have been reported. Immunofluorescence staining
and qRT-PCR were used to assess TRPM8 expression, and
its expression was significantly upregulated at both transcrip
tional and protein levels in the BCa tissues compared with the
matched paracancerous tissues, consistent with the findings
reported by Xiao et al.19
We transfected the BCa cell lines with the TRPM8 targetspecific siRNA to analyze the function of TRPM8 in bladder
cancer, and observed that TRPM8 knockdown inhibited the
proliferation and colony formation ability of BCa cells. In
addition, in the TRPM8-deficient cell model, the ROS level
and number of ROS-positive cells were significantly
increased. A modest increase in the ROS level in cancer
cells is essential for tumor progression, whereas an excess
level might suppress tumors growth.22 Catalase, HO-1 and
SOD2 are important proteins involved in ROS metabolism.
Catalase protects chromosomes from damage induced by
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Figure 4 Downregulation of TRPM8 inhibits bladder cancer growth in vivo. (A) qRT-PCR validated the efficacy of TRPM8 knockdown at the mRNA level by LV-M8sh and LVNC in BCa T24 cells. **p<0.01. (B) Immunofluorescence staining validated the efficacy of TRPM8 knockdown at the protein level by LV-M8sh and LV-NC in BCa T24 cells.
(C) NOD/SCID mice were subcutaneously injected with T24 LV-M8sh or T24 LV-NC cells and allowed to grow for 46 days. (D) Statistical analysis of the sizes of tumors
excised from tumor-bearing NOD/SCID mice. The tumor volume was measured 6 times, *p < 0.05. (E) Representative images of hematoxylin and eosin (H&E) staining in
tumor tissues dissected from tumor-bearing NOD/SCID mice. The scale bar represents 250 μm. (F) Immunofluorescence staining for TRPM8, Ki-67 and SOD2 in tumor
tissues dissected from tumor-bearing NOD/SCID mice. Nuclei were stained with DAPI (blue). The scale bars represent 250 μm.

oxidative stress or ionizing radiation, and thus plays a role in
inhibiting cell death.23 HO-1 is a redox-sensitive enzyme with
antioxidant and antiapoptotic effects.24 SOD2 sufficiently
reduces mitochondrial ROS production and protects against
cell death.25 Moreover, SIRT1 is also associated with ROS
accumulation.26,27 As shown in our previous study, the activa
tion of the PPARγ-SIRT1 feedback loop promotes ROS pro
duction and increases the expression of SOD2 and Catalase.
Excess ROS were produced, resulting in the oxidative stress
and subsequent death of bladder cancer cells.26,27 In the pre
sent study, Catalase and SOD2 levels were increased in the
siTRPM8 group and SIRT1 expression was downregulated,
subsequently inducing ROS accumulation. However, further
studies are needed to clarify the underlying mechanism by
which TRPM8, the PPARγ-SIRT1 feedback loop, and ROS
metabolism contribute to tumorigenesis in bladder cancer.

OncoTargets and Therapy 2020:13

Cancer cell migration and invasion are the most
critical steps in cancer progression. Therefore, we per
formed transwell migration assay to measure the cell
migration. Compared with the NC group, the migration
rates were significantly decreased in the siTRPM8
group. Meanwhile, the levels of proteins involved in
the epithelial-mesenchymal transition (EMT) (βcatenin, vimentin, paxillin and snail) were decreased.
The EMT is a process by which epithelial cancer cells
gradually lose their characteristics and acquire the phe
notype of mesenchymal cells,28 which is directly and
indirectly regulated by multiple molecular mechanisms,
including the MAPK and PI3K signaling pathways.29,30
The activation of ERK1/2 and p38, key members of the
MAPK family, were altered in the TRPM8 targetspecific-siRNA treated T24 cells. In the siTRPM8
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group, the levels of phosphorylated ERK1/2 (p-ERK1/2)
and phosphorylated p38 (p-p38) were decrease, compar
ing to the NC group. In addition, we also observed
changes in the AKT/GSK3β signaling pathway in the
TRPM8-deficient cells.
BCTC, a potent antagonist of TRPM8, inhibits TRPM8
activity without reducing its expression.31 After treatment
with different concentrations of BCTC, the proliferation
ability of T24 cells was inhibited in a dose-dependent man
ner. Ki-67 is a proliferation-associated nuclear antigen.32 We
performed Ki-67 immunofluorescence staining to detect cell
proliferation of T24 cells after treatment with BCTC.
Compared to the control group, the number of Ki-67 positive
BCa cells (green) was significantly decreased in the BCTC
treatment group. In addition, the migration rate of the BCTC
treated T24 cells was decreased.
TRPM8 altered the proliferation, ROS metabolism and
migration of bladder cancer cells in vitro. Subsequently,
we established a NOD/SCID mouse model transplanted
with lentiviral-shRNA treated T24 cells and observed
a significant delay in tumor growth following the silencing
of TRPM8. Compared with the control group, a substantial
increase in SOD2 levels was observed in the tissues from
the lentiviral-shRNA-treated tumor-bearing mice using
immunofluorescence staining. Overall, further studies are
needed to elucidate the underlying mechanisms and deep
insights into the effect of TRPM8 in BCa.

Conclusion
The results of the in vitro and in vivo experiments per
formed in the present study have demonstrated that the
silencing of TRPM8 or inhibition of the TRPM8 protein
reduce the proliferation and migration rates of BCa cells
and induce ROS accumulation and deactivation of the
MAPK and AKT/GSK3β signaling pathways in bladder
cancer cells.
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