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Identification of the role of TRPMS in glioblastoma and
its effect on proliferation, apoptosis and invasion
of the U251 human glioblastoma cell line
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Abstract. Glioblastoma multiforme (GBM) is the most
commonly occurring brain cancer, and is characterized by
its poor patient outcomes. The present study examined the
mRNA expression levels of the transient receptor potential
melastatin (TRPM) family in various types of cancer using
the ONCOMINE database, along with their corresponding
expression profiles in an array of cancer cell lines based
on the Cancer Cell Line Encyclopedia (CCLE) datasets.
Kaplan-Meier plotter survival analysis via the Chinese Glioma
Genome Atlas (CGGA) database was also used to evaluate
the prognostic value of transient receptor potential melas-
tatin 8 (TRPMBS). For the activity test on the TRPMS channel,
patch-clamp recordings and Ca** measurements by fluores-
cence imaging of Fluo-4am were performed. Short hairpin
RNA (shRNA) targeting TRPMS8 was designed, synthesized
and then transfected into the U251 cells via Lipofectamine
2000. The expression of extracellular singnal-regulated kinase
(ERK), cyclin DI and Bcl-2 were detected by performing
western blotting and immunofluorescence. The apoptosis,
proliferation and invasion of glioma cells were detected
by using flow cytometry, and CCK-8 and Transwell inva-
sion assays. In the present study, TRPMS8 was distinctively
upregulated in GBM cell lines. TRPMS is functional and has
the characteristic of outward rectification, which was veri-
fied via electrophysiology and Ca** fluorescence imaging in

Correspondence to: Professor Renya Zhan, Department
of Neurosurgery, The First Affiliated Hospital of Medical
School, Zhejiang University, 79 Qingchun Road, Hangzhou,
Zhejiang 310003, P.R. China
E-mail: 1196057@zju.edu.cn

“Contributed equally

Key words: transient receptor potential melastatin 8, glioblastoma
multiforme, bioinformatics, function, U251

U251 cells. The western blot and immunofluorescence results
revealed that the expression of ERK, cyclin D1 and Bcl-2 were
decreased in the shRNA interference group. The CCK-8 assay
demonstrated that the proliferation ability of U251 cells in the
U251/TRPMS group was higher than that in the U251 group
and U251/Con group (P<0.05). The result of the Transwell
invasion assay indicated that the invasion of human glioblas-
toma U251 cells was positively correlated with the expression
level of TRPMBS. Collectively, the results of the present study
indicated that Ca**-permeable TRPMS nonselective cation
channels contribute to survival, proliferation, apoptosis, and
local tumor invasion of glioblastoma. Therefore, TRPMS is a
promising biomarker for aggressiveness of GBM, and a poten-
tial target in future anti-glioblastoma therapies.

Introduction

Glioblastoma multiforme (GBM) is a highly malignant
primary intracranial tumor with an average survival time after
diagnosis of only 12-14 months, and a 5-year survival rate of
merely 9% (1,2). At present, the standard treatment for GBM
is surgical resection followed by radiotherapy combined with
concurrent and/or adjuvant temozolomide (TMZ) chemo-
therapy (3,4). While there have been numerous studies on
immunotherapy and gene therapy for GBM, the effects have
not been completely verified due to inconsistencies in the
treatment methods and evaluation criteria. These, in turn,
have highlighted the need for other effective therapies, such
as biological therapy, combination therapy, interstitial brachy-
therapy, minimally invasive technical and ion-channel targeted
therapy. Members of the transient receptor potential (TRP)
cation channel superfamily have been observed to perform a
myriad of functions, including temperature perception, pain
transduction, vasorelaxation, male fertility and tumorigen-
esis (5-7). This emerging evidence has strongly supported
the hypothesis that transient receptor potential melastatin 8
(TRPMS), which also plays a prominent role in thermoregula-
tion, is one of the most promising novel therapeutic targets
in cancer treatment (8-10). However, the functions of TRPMS8
in contribution to tumorigenesis in GBM and the precise
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mechanisms of TRPMS function in glioma cells have yet to
be completely elucidated. The present study initially evalu-
ated TRPMS as a promising biomarker in GBM using public
database analysis. Experiments were subsequently performed
to verify whether TRPMS8 serves an important role in the
apoptosis, proliferation and invasion of human glioblastoma
U251 cells.

Materials and methods

ONCOMINE analysis. ONCOMINE (http://www.oncomine.
org), is an online cancer microarray database, and was used
in the present study to analyze the transcription levels of the
TRPM family in different types of human cancers. The mRNA
expression of the TRPM family in clinical cancer specimens
were compared with that in normal controls. The present study
set the thresholds as follows: The gene rank, P-value and fold
change were defined as 10%, 0.01 and 2, respectively.

Cancer Cell Line Encyclopedia (CCLE) analysis. The
CCLE (https://portals.broadinstitute.org/ccle/home) provides
public access to genomic data, analysis and visualization for
~1,000 cell lines. ‘TRPMS8’ was searched in the CCLE data-
base and the expression data of TRPMS8 from the available
cancer cell lines in a series of cancers was verified by using
cell line data from CCLE.

Kaplan-Meier plotter survival analysis. The survival data
were downloaded from CGGA (http:/www.cgga.org.cn), a
newly developed interactive web server for analyzing the gene
expression data of 325 patients (203 males and 122 females).
The samples were categorized into two groups (high and low
TRPMS expression levels) using the median gene expression
value and were compared using a Kaplan-Meier survival plot.
The investigators established overall survival (OS) time as
the prognostic value of patients with glioblastoma. Survival
analysis with P<0.05 was considered to indicate a statistically
significant difference.

Cell culture and cell transfection. The human glioblastoma
U251 cells were kindly gifted by G.F. Vande Woude, (Van
Andel Research Institute, Grand Rapids, MI, USA). The
human glioblastoma U251 cells were cultured in DMEM
containing 10% fetal bovine serum and placed in a humidified
cell incubator with 5% CO, at 37°C.

Cell monolayers (at 70% confluency) were transfected
with the pEGFP-C1-TRPMS plasmids and the enhanced
green fluorescent protein plasmid-Cl1 (pEGFP-C1) vector
using Lipofectamine 2000 (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. shRNA targeting
TRPMS was designed and inserted into the pGPU6/GFP/Neo
vector (Thermo Fisher Scientific, Inc.). sARNA-TRPMS8 was
also transfected into human glioblastoma U251 cells using
Lipofectamine 2000 (Thermo Fisher Scientific, Inc.),according
to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). Total RNA was extracted from the
cells using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
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The cDNA Synthesis kit (Takara Biotechnology Co., Ltd.)
was used for the synthesis of cDNA according to the manu-
facturer's protocol. RT-qPCR was performed using The
PrimeScript™ II Reverse Transcriptase kit obtained from
Takara Biotechnology Co., Ltd. The 224 method was used
to calculate the expression level (defined as the fold change)
of TRPMS compared with GAPDH expression. The primer
sequences were as follows: TRPMS sense chain, 5“TATCTT
ACTGAACACCTGTAGTCCCAG-3' and antisense chain,
5" TGAGTTTAGTGTATTCAAAGCTGAGAAA-3' (256 bp);
GAPDH sense chain, 5~ AGTGAAGTCGTCGTCAAC-3' and
antisense chain, 5'-CGCTCCTGAGATGTGAT-3' (32 bp). The
experiment was repeated 3 times.

Western blot assay. Cells were lysed in RIPA buffer (KeyGen
Biotech. Co., Ltd., Nanjing, China) and protein in superna-
tant extracts was quantified using a BCA Protein Assay kit
(Beyotime Institute of Biotechnology). A total of 50 ug per
lane of total cell lysates was resolved on 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gels and transferred onto polyvinylidene fluoride (PVDF)
membranes (EMD Millipore). The blots were incubated
with a primary antibody overnight at 4°C. The blots were
subsequently incubated with horseradish peroxidase-linked
secondary anti-rabbit or anti-mouse antibody (dilution
1:3,000; cat. nos. STAR71D800GA and STAR117D800GA;
Bio-Rad Laboratories, Inc.). Immunoreactivity was
detected using enhanced chemiluminescence (Amersham;
GE Healthcare). Densitometric analysis was performed using
Quantity One software (Bio-Rad Laboratories, Inc.). GAPDH
was used as a loading control. TRPMS8 (dilution 1:1,000;
cat. no. sc-169688), ERK (dilution 1:1,000; cat. no. sc-271270),
cyclin D1 (dilution 1:1,000; cat. no. sc-8396), Bcl-2 (dilution
1:1,000; cat. no. sc-70411), and GAPDH (dilution 1:1,000;
cat. no. sc-51907) antibodies were purchased from Santa Cruz
Biotechnology, Inc.

Electrophysiology and Ca®* measurements by fluorescence
imaging of Fluo-4am. For the activity test on the TRPMS
channel, patch-clamp recordings were performed in
whole-cell configuration at room temperature using
Axonpatch 200B (Molecular Devices, LLC) or HEKA
EPC10 (HEKA Elektronik GmbH) amplifier. U251 cells
were seeded on coverslips prior to recording the TRPMS
currents via electrophysiology with the standard extracel-
lular solution (ECS) containing (in mM): 130 NaCl, 5 KCl,
10 D-glucose, 10 HEPES, 1.2 MgCl, and 1.5 CaCl,, pH 7.4.
For specificity evaluation of characteristics of the TRPMS8
channel of U251 cells, menthol (100 M) was added in ECS
to activate TRPMS, and AMTB Hydrate (50 M) was applied
in ECS to inhibit TRPMS. Ca** measurements by fluorescence
imaging of Fluo-4am were subsequently performed for further
evaluation. U251 cells grown on 10-mm glass coverslips were
incubated with Fluo-4 am for 0.5 h in the dark at 37°C for the
Ca* measurements. The cells were then washed with HBSS
containing calcium and placed on a confocal microscope. The
intracellular calcium images were recorded using Evolve 512
EMCCD (Teledyne Photometrics) and menthol using RSC-200
Rapid Solution Changer (Bio-Logic Science Instruments).
Then the fluorescence intensities were analyzed using ImageJ



Bzl SPANDIDOS
7] .§, PUBLICATIONS

software (version 1.8.0; National Institutes of Health). Data
were presented as the traces of average fluorescence intensities
values.

Cell proliferation assay. Cell viability was measured using
a Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular
Laboratories, Inc.). Transfection of TRPMS or the non-specific
control was performed in 96-well plates in quadruplicate. Cell
culture medium was replaced at 24 h following transfection.
CCK-8 (10 ul) was added to each well, which also contained
100 1 medium. Following a 2-h incubation with the CCK-8
solution, the absorbance at 450 nm was measured at 48 h
following transfection. Each experiment was performed in
triplicate.

Apoptosis assay. Apoptosis was determined using the
Annexin V-PE/7AAD apoptosis kit (Nanjing KeyGen Biotech
Co., Ltd.) according to the manufacturer's protocol. Briefly,
after 72 h of culture, the cells were collected and washed twice
in PBS and re-suspended at a density of 1x10° cells/ml. The
transfected cells were subsequently stained with Annexin V
and propidium iodide in the dark and 7-ADD for 20 min and
analyzed using a FACSCalibur instrument.

Immunofluorescence. The cells were seeded on cover-
slips and incubated for 24 h under normoxic conditions.
Subsequently, the cells were fixed with 4% paraformaldehyde
at room temperature and permeabilized with 0.2% Triton
X-100 for 10 min. The cells were subsequently washed
with PBS and blocked in PBS containing 5% bovine serum
albumin (Sigma-Aldrich; Merck KGaA) for 90 min. The
cells were washed with PBS and the primary antibodies
were diluted with PBS containing 2% BSA as follows:
Rabbit anti-phospho-specific ERK (cat. no. sc-271270), Bcl-2
(cat. no. sc-70411), phospho-specific c-Jun N-terminal protein
kinase (JN; cat. no. sc-7345), caspase-3 (cat. no. sc-271759),
phospho-specific p38 mitogen-activated protein kinase
(MAPK) (cat. no. sc-271759) antibodies (dilution 1:200; Santa
Cruz Biotechnology, Inc.) and incubated overnight at 4°C. The
cells were then washed with PBS and incubated for 2 h with an
anti-mouse fluorescent secondary antibody (cat. no. A10036;
Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera-
ture. Finally, DAPI (Beijing ComWin Biotech Co., Ltd.)
was added to each sample for nuclear counterstaining. The
coverglass was examined and photographed to reveal repre-
sentative cells using an Olympus BX61WI-FV1200MPE
confocal microscope (Olympus Corp.).

Transwell invasion assay. Transwell invasion was performed
with 24-well Matrigel-coated chambers (8-uM pore size)
from BD Biosciences. Briefly, cells were permitted to grow
to ~75-80% confluence and were starved for 24 h by serum.
Approximately 1x10° cells resuspended in 200 ul serum-free
medium were plated in the upper Transwell chamber. Then,
600 pl of medium with 10% FBS was added to the bottom
wells of the chambers. At 48 h following incubation, the
Transwell insert was washed twice with PBS and fixed with
5% glutaraldehyde for 5 min. The invading cells on the
bottom surface of the membrane were stained for 20 min with
0.1% crystal violet. Then the membranes were observed at an
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x100 magnification using a light microscope (Olympus Corp.).
The membrane was then dissolved by 10% acetic acid, and a
multifunctional microplate reader was employed to measure
the optical density (OD) value of each well at 570 nm. The
invasion rate = OD 570 post-crystal violet staining/OD 490 at
the time of inoculation. Each experiment was performed in
triplicate.

Statistical analysis. All data in the present study are presented
as the mean + standard deviation of at least three independent
experiments. Statistical tests were performed using SPSS
version 19.0.0 software (IBM Corp.). A two-tailed Student's
t-test was used for comparisons between two groups. One-way
analysis of variance (ANOVA) test and Bonferroni post hoc
test were used for evaluating differences among multiple
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Compared with other TRPM family members, TRPMS is
markedly overexpressed in cancer of the brain and central
nervous system (CNS). To assess the differences in mRNA
expression of TRPM family members in human cancers
and normal tissues in a variety of cancer types, the present
study performed an analysis using the ONCOMINE database
(Fig. 1). The results of the ONCOMINE analysis indicated that
TPRMBS8 was elevated in cancer of the brain and CNS when
compared with the normal tissue groups.

Corresponding expression profiles of TRPMS in an array
of cancer cell lines. By searching the CCLE (https:/portals.
broadinstitute.org/ccle/home), the results revealed that TRPMS8
was highly expressed in all GBM cell lines (Fig. 2). These
results indicated that TRPMS8 may serve a unique role in the
development of GBM, which was consistent with the results of
the ONCOMINE analysis.

Kaplan-Meier plotter survival analysis of TRPMS in patients
with GBM. To validate the influence of TRPMS8 on the prog-
nosis of glioma patients, an overall survival (OS) analysis
was performed using the Kaplan-Meier method via CGGA
datasets. The results indicated that the high expression of
TRPMS8 mRNA was associated with a shorter overall survival
(OS) time in all patients with GBM (P<0.0001) (Fig. 3). The
survival analysis indicated that over-expression of TRPMS
was associated with worse survival in patients with GBM,
suggesting TRPMS serves a tumor-promoting role in GBM.

Characteristics of the TRPMS channel. Menthol is a specific
agonist against TRPMS8, and AMTB hydrate is a TRPMS
blocker (11). To evaluate the characteristics of the TRPMS8
channel, the whole cell membrane current of U251 cells
was investigated by whole-cell patch-clamp recordings.
Fig. 4A and B illustrate the whole cell membrane current
of U251 cells at voltage ramps from -80 to 80 mV. The
current-time curve of the TRPMS channel after treatment with
two consecutive 100-uM menthol activations ruled out the
effects of switching the drug delivery tube (Fig. 4A). When the
transmembrane voltage was positive, the outward current was
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Figure 1. mRNA expression levels of TRPM protein family in human cancers. The number in the colored cell represents the number of analyses meeting
thresholds. The color depth was determined by the gene rank. The more intense red (overexpression) or blue (underexpression) color indicates a highly
significant overexpressed or underexpressed gene. TRMPS, transient receptor potential melastatin 8.

markedly increased. The whole cell membrane currents were
significantly increased when menthol (100 xM) was added in
ECS to activate TRPMS (Fig. 4B), and was reversed by AMTB
hydrate (50 pM), further confirming that AMTB hydrate func-
tions as a blocker of TRPMS. In addition, the fluorescence
imaging results revealed that the ion channel activity of TRPMS
may be attributable to increased [Ca®*]; following the addition
of menthol. Menthol increased U251 [Ca®*];, and this increase
could be reversed following the removal of menthol (Fig. 4C).
The ability of menthol to activate TRPMS ion channels in the
glioma cells was examined by overexpressing the channel in
the U251 cells. The vehicle of pEGFP-CI as control groups
were also transfected into the U251 cells. The Ca** influx was
monitored using Fluo-4am, and there was a slight increase
following the overexpression of TRPMS. Following treatment
with 100 M menthol, a significant increase in fluorescence

was detected for TRPMS, whereas no fluorescence increase
was observed for the control groups (Fig. 4D).

TRPMS enhances the sensitivity of GBM cells to apoptosis.
Firstly, by detecting the gene and protein expression levels
of TRPMS8 via RT-qPCR and western blot assay, the present
study confirmed that transfection with shRNA-TRPMS8 could
significantly inhibit the mRNA and protein expression of
TRPMS (P<0.01). Conversely, the overexpression of TRPM8
was significantly increased following transfection with the
pEGFP-C1-TRPMS plasmid (P<0.05). These results indicated
that the downregulated and upregulated TRPMS8 U251 cell
lines were successfully constructed (named U251/shRNA and
U251/TRPMS, respectively) (Fig. 5). As revealed in Fig. 6A,
inactivation of TRPMS8 expression could significantly increase
the apoptosis rate (P<0.01), indicating that the modulation
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Figure 2. TRPMS is distinctively overexpressed in GBM cell lines from the CCLE analysis. The mRNA expression level of TRPMS ranked as the seventh
highest in a variety of cancer cell lines (shown in the red frame). TRMPS, transient receptor potential melastatin 8; GBM, glioblastoma multiforme.
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Figure 3. The prognostic values of TRPMS8 in GBM according to the CGGA
database. TRMPS, transient receptor potential melastatin 8, glioblastoma
multiforme; GBM, glioblastoma multiforme; CGGA, Chinese Glioma
Genome Atlas.

of cell apoptosis was significantly affected by the expres-
sion of TRPMS. The expression levels of p-ERK, Bcl-2 were

significantly decreased when TRPMS8 was upregulated and
increased when TRPMS8 was downregulated in human glio-
blastoma U251 cells as revealed in Fig. 6B. The present study
also confirmed these results via cellular immunofluorescence
(Fig. 7). In addition, cellular immunofluorescence also revealed
that the expression of phospho-specific INK, caspase-3 and
phospho-specific p38 MAPK were increased when TRPMS8
was downregulated (Fig. 7).

TRPMS regulates the proliferation and invasion abilities of
human glioblastoma U251 cells. The results of the CCK-8
assay indicated that the proliferative ability of U251 cells in
the U251/TRPMS group was higher than that in the U251 and
U251/Con groups (P<0.05); however, there was no significant
difference between the U251 and U251/Con groups (P>0.05).
The details of the proliferation capacity are presented in
Table I. In addition, the expression level of cyclin D1 was
markedly altered when TRPMS8 was regulated in human
glioblastoma U251 cells (Fig. 6B). Collectively, the results
demonstrated that the proliferation ability of U251 cells was
significantly affected by the expression of TRPMS.

The invasion rate is a crucial cancer cell property that
accurately reflects the invasive ability of human glioblastoma
U251 cells. As illustrated in Fig. 8, the Transwell invasion
assay revealed that the U251 cells in the U251/TRPMS8 group
had an increased number of invasive cells when compared with
the U251 and U251/Con groups. According to the OD value,
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pEGFP-C1-TRPMS vector passing through the Transwell membrane. (C) Image of cell invasion that was increased in the cells with TRPMS8 overexpression.

TRMPS, transient receptor potential melastatin 8.

the transfer rate indicated that the U251/TRPMS group had a
higher invasion rate than the U251 and the U251/Con groups
(P<0.05); however, the difference between the U251 and
U251/Con groups was not statistically significant (P>0.05)
(Table I). Collectively, these results indicated that the invasion
of human glioblastoma U251 cells was positively associated
with the expression level of TRPMS.

Discussion

Glioblastoma is a Grade IV glioma, and is the most
common and malignant tumors in glioma (12). Due to the

Table I. Comparison of the proliferation capacity (OD value)
and invasion rate of human glioma U251 cells in each group
(x+S).

Proliferation Invasion
Groups capacity rate (%)
U251 group 0.147+£0.012* 1.363+0.035*
U251/Con group 0.151£0.017* 1.425+0.042*

U251/TRPMS group 0.361+0.024 3.283+0.051

“P<0.05, compared with the U251/TRPMS8 group.



https://www.spandidos-publications.com/10.3892/or.2019.7260

1524

limited efficacy of conventional treatments such as surgery,
chemotherapy, and radiotherapy, there is an urgent need to
identify novel and effective treatments. Over the past decade,
numerous studies have made great progress in investigating
the genetics and epigenetics of GBM (13,14). Despite advances
in early diagnosis and treatment, GBM has strong invasion
cababilities and is characterized by its significantly shorter
patient survival among intracranial tumors (15-18). There
is a large volume of published studies describing the role of
Ca” homeostasis (19-21). Multiple factors including Ca?*
signaling have been identified to influence the processes of
tumorigenesis, proliferation and invasion (22). An increasing
amount of evidence has recognized the importance of TRP
cation channels, and the pivotal roles they serve in controlling
these processes (23-25). TRP channels have been identified
to exert pivotal functions in cellular calcium homeostasis
and Ca® signaling (19). As the subclass of the TRP chan-
nels, TRPMs have varying permeability to Ca** and Mg** in
various types of cancer (5,26,27). Therefore, TRPM protein
family members may serve attractive targets for anticancer
therapeutic strategies or prognostic biomarkers to cure specific
types of cancers (26,28). It is common knowledge that TRPMS
is involved in the initiation and progression of tumors (29,30).
Although these findings undoubtledly require scrutinization,
they suggested that TRPMS8 may be involved in the transfor-
mation of normal cells to tumorigenic cells, which culminates
in biological changes, such as tumor proliferation, apoptosis,
gene transcription and angiogenesis (31). Morever, few studies
have been performed where the gene expression data is
correlated with the survival of patients (8,9,11,28). Combined,
TRPMS8 may serve as an appropriate GBM biomarker, and
this biomarker is urgently required for the early diagnosis and
validation of interventions. The present study subsequently
focused on describing the role of TRPMS in GBM.

Survival analysis of TRPMS in the present study demon-
strated that overexpression of TRPMS8 was significantly
associated with OS of patients with GBM, which suggests that
TRPMS serves a tumor-promoting role in GBM. Furthermore,
the results of the present study suggested that Ca**-permeable
TRPMS nonselective cation channels were functional in human
glioblastoma U251 cells. In addition, TRPMS8 has the charac-
teristic of outward rectification and may play an important
role in regulating the biological behavior of glioblastoma cells.
When menthol was used to activate the TRPMS8 channel or
overexpressed TRPMS, the [Ca*']; was significantly increased.

The MAPK signaling pathway has been confirmed to
be closely associated with the occurrence and development
of tumors (32,33). ERK, as an important regulator of the
MAPK pathway, serves an important role in the proliferation
and apoptosis of tumor cells (33,34). ERK is an important
subtribe of the family of mitogen-activated protein kinases
(MAPKSs). ERK can be activated by various growth factors
and other mitogens (33). The activation of ERK is considered
to be closely associated with cell proliferation, differentiation,
migration, invasion, apoptosis and malignant transforma-
tion (35,36). In addition, ERK has a direct regulatory effect
on cyclin D1, which can accelerate cell mitosis and promote
cell proliferation following activation; however, overexpres-
sion of ERK can activate nuclear factor-kB (NF-«xB), thereby
inducing the expression of apoptosis-related proteins, such
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as Bcl-2 and Bcl-xL (37,38). In addition, ERK can also exert
anti-apoptotic effects by inhibiting the phosphorylation of
pro-apoptotic proteins Bad and Bim (37). The present study
revealed that the expression levels of ERK, Bcl-2 and cyclin D1
in human glioma cells were significantly lower than those in
the U251/Con group when TRPMS was downregulated. This
indicated that part of the mechanism of TRPMS in regulating
the biological behaviors of human glioma cells may be via the
regulation of ERK factors, thereby affecting the expression
of apoptosis and proliferation-related factors. The activated
caspase can hydrolyze important proteins including cell regu-
lation, cell signal transduction and DNA repair, thus making
the cells appear to wither (39). Apoptosis is characterized by
specific morphological and biochemical features of death,
in which caspase-3 is the ultimate performer of apoptotic
death (40). Is TRPMS8-inhibiting tumor cell apoptosis also
caspase-3 dependent? The results of the present study demon-
strated that TRPMS can inhibit the activity of INK/MAPK
signal transduction pathway. In addition, the results of the
present study also suggested that part of the mechanism by
which TRPMS regulates the biological behavior of human
glioma cells may be via the regulation of p38/MAPK signal
transduction pathway, thereby affecting the expression level
of apoptosis-related factors. However, it is worth noting that
the regulation of the biological behavior of tumors involves
multiple signaling pathways, and interactions between these
signaling pathways are likely. In the future, a more in-depth
study of the mechanism of action of TRPMS will be conducted.
It was hypothesized that the proliferation and apoptosis of
human glioma cells regulated by TRPMS8 may be associated
with the MAPK pathway.

One of the most striking observations from data
comparisons was the significant promotion of proliferative
capacity of human glioblastoma U251 cells following the
overexpression of TRPMS. Previous research revealed
that the hepatocyte growth factor/scatter factor (HGF/SF)
exhibited a modulatory effect on TRPMS8 expression during
oncogenesis (8,41). In addition, the TPRMS8 channel
contributes to glioma invasion by inducing Ca** signaling,
cytoskeleton changes and invasion (41). Activation of TRPMS
channel by its agonist, menthol, has been previously reported
to stimulate the invasion of glioblastoma cells by increasing
the intracellular Ca?* concentration (41,42), which is neces-
sary for cell migration, and presumably tumor invasion (8,41).
Using human glioblastoma U251 cells, the present study inves-
tigated whether cell invasion and chemotaxis were dependent
on TRPMS channel activity, with the results indicating that
TRPMS significantly accelerated the invasion speed of
U251 cells.

In summary, the present study indicated that the
Ca”-permeable channel of TRPM8 may have functional
implications for glioma survival, proliferation, apoptosis and
local tumor invasion. Therefore, TRPM8 may be utilized as an
appealing anticancer target as well as a useful biomarker for
cancer prognosis and treatment of GBM.
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