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TRPM2 expression levels are associated with histological
grading in patients with tongue squamous cell carcinoma
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Abstract. Tongue squamous cell carcinoma (TSCC)
accounts for a large proportion of cases of head and neck
cancer. Transient receptor potential melastatin 2 (TRPM?2)
is a non-selective cation channel sensitive to oxidative stress.
High TRPM2 expression has been reported in various types
of cancer, including neuroblastoma, glioblastoma, non-small
cell lung cancer and breast cancer. However, whether expres-
sion levels of TRPM?2 are associated with aggressive clinical
features in TSCC remains unclear. A total of 26 clinical
sample tissues with TSCC were collected in the present study.
The expression levels of the TRPM2 channel were determined
by immunohistochemistry, western blot, and qPCR analysis.
The content of malondialdehyde (MDA) and the activity of
superoxide dismutase (SOD) were measured to reveal oxida-
tive stress levels in TSCC tissues with different degrees of
differentiation. The protein expression levels of caspase-8,
Bcl-xL, Bax, caspase-9, cleaved caspase-9, caspase-3, cleaved
caspase-3, poly [ADP-ribose] polymerase (PARP) and cleaved
PARP were detected by western blot analysis. Analysis of
the tissue specimens from 26 patients with TSCC showed
that TRPM2 was not upregulated in all specimens. Notably,
the expression levels of TRPM2 were associated with the
histological grading of different tissues. The specimens with
low TRPM?2 expression were significantly associated with
moderate or poor differentiation (P=0.003), and exhibited
increased lipid peroxidation level and decreased SOD activity.
Furthermore, the altered expression of pro- and anti-apoptotic
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proteins indicated a significant upregulation of apoptosis
in TSCC tissues with low TRPM?2 expression. These results
suggested that low TRPM?2 expression in TSCC may inhibit
the ability of cells to adapt to or resist the oxidative stress,
resulting in increased susceptibility to apoptosis. Therefore,
the oxidative stress-sensitive TRPM2 channel may serve as a
potent biomarker, and the present study provides insights into
the underlying mechanisms of tumor cell differentiation.

Introduction

Tongue squamous cell carcinoma (TSCC) is a major type of
malignant tumor of the oral cavity, accounting for 354,864
incident cases and >177,000 mortalities annually (1). In spite of
great advances in diagnostic and therapeutic strategies during
the past decades, patients are often diagnosed at advanced
stages, and the mortality rate of TSCC remains high (2).
Therefore, identifying and evaluating diagnostic and prog-
nostic biomarkers for early disease diagnosis and treatment
remains an urgent need.

The grading of tumors based on the degree of differen-
tiation is usually the first level of histological assessment of
TSCC (3). It considers the degree of keratinization, cellular
and nuclear pleomorphism and mitotic activity. Tumors are
generally divided into three categories: Well; moderately; and
poorly differentiated (3). At present, the clinical evaluation of
the differentiation degree of TSCC is primarily based on the
4th Edition of the World Health Organization Classification
of head and neck tumors, which provides an international
standard and important guide for oncologists and patholo-
gists to evaluate therapies and clinical outcomes (4). The
histological grading is widely regarded clinically as one
of the key prognostic variables. However, tumor grading is
often subjective and prone to vary among pathologists, and
inadequate sampling from tumors often causes histological
heterogeneity. Therefore, new predictors for cell differentia-
tion are required (3).

Oxidative stress, characterized by an imbalance between
the presence of relatively high levels of toxic reactive species,
principally consisting of reactive oxygen species (ROS), and
the activity of antioxidative defense mechanisms, is a common
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observation in a wide range of solid tumors, including TSCC (2).
Transient receptor potential melastatin 2 (TRPM?2), as the
second member of the TRPM subfamily, is a non-selective
cation channel sensitive to oxidative stress. A large number
of studies have revealed that TRPM2, as an oxidative stress
sensor, enables cells to sense and respond to oxidative stress,
and regulate Ca** influx in response to oxidative stress (5,6).
Furthermore, TRPM?2 has been suggested to serve pivotal
roles in both physiological and pathological processes such
as cell proliferation, survival, apoptosis, autophagy, cell cycle,
migration and invasion (7).

Increasing evidence indicates that TRPM?2 is aberrantly
expressed in a variety of malignant tumors, including
neuroblastoma (8-12), glioblastoma (13,14), non-small cell
lung cancer (15-18), melanoma (19,20), bladder cancer (21-23),
prostate cancer (24-27), breast cancer (28-31), gastric
cancer (32-35), pancreatic ductal adenocarcinoma (36,37),
endometrial carcinoma (38) and T cell leukemia (39). There
are relatively fewer reports on the association between TRPM2
channel and oral malignant tumors. Zhao et al (40) identified
that TRPM2 expression was absent in normal tongue squamous
tissues, but was unregulated in tongue cancer tissues. In
addition, the expression level of TRPM2 in TSCC SCC9 and
SCC25 cell lines was remarkably increased as compared with
normal tongue squamous cells (40). Selective knockdown
of TRPM2 regulates expression levels of tumor-associated
proteins and promotes cell apoptosis. These results indicate
that TRPM?2 expression may be significantly associated with
TSCC. However, evidence from clinical data and research
investigating the exact mechanism are still lacking.

In the present study, the association between TRPM2
expression and the clinical features of patients with TSCC was
analyzed, and its association with TSCC histological grading
was determined. Further evaluation of oxidative stress level
and apoptosis-related proteins indicated that downregulation
of the TRPM?2 channel may weaken the ability of cells to adapt
to or resist oxidative stress, making cells more susceptible
to apoptosis. Taken together, the results of the present study
identified the TRPM2 channel as a useful predictor of tumor
cell differentiation, and suggested that it may be a potential
prognostic marker and therapeutic target for TSCC.

Materials and methods

Patients and tissue specimens. Clinical samples from
26 patients with primary TSCC were collected from July 2017
to August 2019 from the Affiliated Stomatology Hospital and
The First Affiliated Hospital, Zhejiang University School of
Medicine and each tissue sample was divided into normal
tongue (N), peritumor (P) and squamous cell carcinoma
tissue (T). The distance between peritumor tissue and the
boundary of the tongue squamous cell carcinoma tissue was
~2 cm. None of the patients had received any prior treatment
for TSCC. All fresh tissue samples removed during surgery
were fixed at room temperature for 48 h with 10% formalin for
hematoxylin and eosin staining and immunohistochemistry,
or preserved at -80°C for subsequent protein extraction. The
present study and experimental procedures were approved
by the ethics committee of Zhejiang University School of
Medicine, and conducted in strict accordance with Ethical
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examine methods for human biomedical research issued by
the National Health and Family Planning Commission in 2016.
Each patient included in the present study was informed in
advance and provided written informed consent.

Hematoxylin and eosin (H&E) staining. Briefly, formalin-fixed
paraffin-embedded tissue sections (thickness, 4 ym) were dried
at 60°C for 4 h, and then dewaxed at room temperature with
xylene for 10 min, twice. Subsequently, sections were hydrated
with gradient alcohol as follows: Absolute ethyl alcohol,
room temperature for 1 min, twice; ethyl alcohol (95%),
room temperature for 1 min, twice; ethyl alcohol (80%), room
temperature for 1 min; ethyl alcohol (70%), room temperature
for 1 min; and ddH,O, room temperature for 1 min, twice.
Finally, sections were stained with hematoxylin (room
temperature for 5 min) and 0.5% eosin (room temperature for
1 min). Images were captured using an Olympus BX53 light
microscope (Olympus Corporation) (magnification, x100).

Immunohistochemistry staining. Immunohistological
staining was conducted as previously described (41). Briefly,
formalin-fixed paraffin-embedded tissue sections underwent
antigen retrieval by incubation in boiling citric acid buffer
(pH 6.0) for 2 min, and then processed with 3% hydrogen
peroxide for 15 min at room temperature to quench endog-
enous hydrogen peroxidase. Subsequently, the sections were
blocked with 10% goat serum blocking fluid (cat. no. ZLI-9021;
ZSGB-Bio) for 30 min at room temperature. The sections were
then incubated with anti-TRPM2 rabbit pAb primary antibody
(Abcam; cat. no. ab87050; 1:200 dilution) overnight at 4°C
and then incubated with an EnVision System HRP-Polymer
(cat. no. PV-6001; ZSGB-Bio) for 30 min at room temperature.
Finally, all the sections were incubated with a Liquid DAB
Substrate Chromogen System (cat. no. ZLI-9019; ZSGB-Bio).
All images of the immunohistochemistry staining sections
were captured using an Olympus BX53 light microscope
(Olympus Corporation) (magnification, x100 or x400).

Western blot analysis. The western blot analysis was
conducted as previously described (41). Briefly, tongue tissues
were weighed and ground in ice-cold RIPA buffer (Beyotime
Institute of Biotechnology; cat. no. PO013B) with 1X PMSF
and 1X protease inhibitor cocktail (Sigma-Aldrich; Merck
KGaA; cat. no. P8340), and fully lysed for 30 min. The mixture
was then centrifuged at 14,000 x g for 15 min at 4°C to collect
the protein supernatant. Subsequently, a BCA protein assay
kit (Beyotime Institute of Biotechnology; cat. no. PO009) was
used to determine the protein concentrations according to the
manufacturer's protocol. A total of ~40 ug total protein per
lane was subjected to electrophoresis on 8 or 10% SDS-PAGE.
The proteins were then transferred to PVDF membranes (EMD
Millipore; cat. no. ISEQ00010), blocked with 5% Difco™ Skim
Milk (BD Biosciences; cat. no.232100) in TBST for 2 h at room
temperature and then incubated with the anti-TRPM?2 Rabbit
pAb (Abcam; cat. no.ab96785; 1:1,000 dilution), anti-caspase-8
rabbit mAb (Abcam; cat. no. ab32397; 1:1,000 dilution),
anti-Bcl-xL rabbit mAb (Abcam; cat. no. ab32370; 1:1,000
dilution), anti-Bax rabbit pAb [Cell Signaling Technology
(cat. no. 2772; 1:1,000 dilution), anti-caspase-9 rabbit mAb
(Abcam; cat. no. ab202068; 1:1,000 dilution), anti-caspase-3
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mouse mAb (Abcam; cat. no. ab13585; 1:1,000 dilution) and
anti-B-actin mouse mAb (Sigma-Aldrich; Merck KGaA cat.
no. A5316; 1:5,000 dilution)] primary antibodies overnight
at 4°C. The PVDF membranes were then incubated with
IRDye® 800CW Goat anti-Rabbit IgG (LI-COR Biosciences;
cat. no. 926-32211; 1:5,000 dilution) or IRDye® 680LT Goat
anti-Mouse IgG (LI-COR Biosciences; cat. no. 926-68020;
1:5,000 dilution) for 1 h. Finally, an Odyssey Infrared Imaging
System (LI-COR Biosciences) was used to visualize protein
bands and Image Studio Lite Ver 4.0 software (LI-COR
Biosciences) was used for densitometric analysis.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from 26 clinical patient samples using RNAiso
Plus (Takara Bio., Inc.; cat. no. 9109). cDNA was synthesized
from 1 pg total RNA by using PrimeScript™ RT reagent
Kit with gDNA Eraser (Takara Bio., Inc.; cat. no. RR047A).
qPCR was performed using TB Green™ Premix Ex Taq™
IT kit (Takara Bio., Inc.; cat. no. RR820A) on an ABI 7500
Fast Real-time fluorescence quantitative PCR system (Thermo
Fisher Scientific, Inc.). RT-qPCR was performed as follows:
Initial denaturation, 95°C, 30 sec; cycling stage, denaturation,
95°C, 3 sec and annealing, 60°C, 30 sec (40 cycles); final
extension, denaturation, 95°C, 15 sec, annealing, 60°C, 1 min
and elongation, 95°C, 15 sec. The primers for TRPM?2 were as
follows: Forward, 5-TTCGTGGATTCCTGAAAACATCA-3";
and reverse, 5'-CCAGCATCAGACAGTTTGGAAC-3". The
primers for GAPDH were as follows: Forward, 5'-ACAGTC
CATGCCATCACTG-3"; and reverse, 5-AGTAGAGGCAGG
GATGATG-3'. GAPDH was used as the internal reference, and
the relative expression levels were calculated using the 26249
method (42).

Malondialdehyde (MDA) measurement. Tongue tissues
were ground and lysed in ice-cold RIPA buffer (Beyotime
Institute of Biotechnology; cat. no. PO013B) with 1X PMSF
and 1X protease inhibitor cocktail (Sigma-Aldrich; Merck
KGaA; cat. no. P8340). Subsequently, a BCA protein assay
kit (Beyotime Institute of Biotechnology; cat. no. PO009) was
used to determine the protein concentrations according to the
manufacturer's protocol. The Lipid Peroxidation MDA Assay
kit (Beyotime Institute of Biotechnology; cat. no. S0131) was
used to assay the MDA content following the manufacturer's
protocol. The absorption was measured at 532 nm, with the
reference wave set at 450 nm. MDA content levels were
calculated according to the established standard curve using
the reference standards in the kit, calculated under the same
experimental conditions, and presented as pmol/mg protein.

Superoxide dismutase (SOD) activity measurement. A total
of 10 mg tongue tissue from each patient was homogenized
in 100 pl ice-cold SOD sample preparation liquid, and then
centrifuged at 14,000 x g for 5 min at 4°C. Subsequently, the
supernatant was collected and used for measuring the SOD
activity using the Total Superoxide Dismutase Assay kit with
WST-8 (Beyotime Institute of Biotechnology; cat. no. S0101)
following the manufacturer's protocol. The absorption was
measured at 450 nm and the absorption of the reference wave
was set at 630 nm. The SOD activity was normalized to protein
levels and presented as U/mg protein.
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Table I. Expression levels of TRPM2 and its association with
clinical pathological characteristics.

TRPM2
expression levels

Clinical Cases Low High
characteristics (n=26) (n=14) (n=12) P-value
Sex
Male 17 11 6 0.218
Female 9 3 6
Age, years
<50 10 6 4 0.701
=50 16 8 8
Lymph node metastasis
Yes 12 7 5 0.713
No 14 7 7
Differentiation degree
Moderate or poor 17 13 4 0.003*
Well 9 1 8
TNM stage
Tl 9 5 4 0.810
T2 14 7 7
T3 1 1
T4 1 1 0

'P<0.01. TRPM2, transient receptor potential melastatin 2.

Statistical analysis. All data are presented as the mean + SEM.
Each experiment was repeated at least 3 times. The statistical
analysis was performed using one-way ANOVA followed
by Tukey's post hoc test for comparison between groups,
and P<0.05 was considered to indicate a statistically signifi-
cant difference. Associations between the expression levels
of TRPM2 and clinical pathological characteristics were
evaluated by Fisher's exact test. GraphPad Prism 6 software
(GraphPad Software, Inc.) was used for all statistical analyses.

Results

TRPM?2 expression level is associated with TSCC
differentiation degree. The TRPM2 protein and mRNA
expression levels in normal tongue tissue (N), peritumor tissue
(P)and TSCCttissue (T) of 26 patients with TSCC were analyzed
by western blot analysis and qPCR. Notably, the expression of
TRPM2 varied greatly among patients. The statistical analysis
results indicated that there was no significant difference
in TRPM?2 protein and mRNA expression levels between
the P, T and N tongue tissues (Fig. 1A-C). By analyzing the
association between the expression level of TRPM2 channel
and the clinical pathological characteristics of the patients, it
was identified that the expression level of TRPM2 was only
significantly associated TSCC tumor differentiation degree
(Table I). Therefore, the patients with TSCC were divided
into well-, moderately, or poorly differentiated groups, as
demonstrated in Fig. 1D-H. The mRNA and protein expression
levels of TRPM2 were increased in the tumor tissues in
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Figure 1. TRPM2 expression level is associated with TSCC differentiation degree. (A) The expression levels of the TRPM2 channel in N, P, and T groups of
26 patients with TSCC were detected by western blot analysis. (B) No significant difference was observed in peritumor and tumor tissues, compared with
normal tongue tissue (n=26). All data were normalized with normal tongue tissue and are presented as the mean + SEM. (C) The expression levels of TRPM2
mRNA in N, P, and T groups of the 26 patients with TSCC were detected by qPCR. There was no significant difference among the three groups observed
(T vs. N; P=0.1798). (D) Statistical analysis of the relative TRPM2 mRNA expression levels in well-differentiated tumor tissues (n=9). “P<0.01. (E) Statistical
analysis of relative TRPM2 mRNA expression levels in moderately or poorly differentiated tissues (n=17). "P<0.05. (F) Statistical analysis of the TRPM2

protein expression levels in well-differentiated tumor tissues (n=9). "P<0.05.

(G) Statistical analysis of protein expression of TRPM2 in moderate or poorly

differentiated tissues (n=17). “P<0.05e. (H) Representative image of western blot analysis gel demonstrates that TRPM?2 expression was upregulated in the
well-differentiated tumor tissues, while significantly downregulated in the moderately or poorly differentiated groups. TRPM2, transient receptor potential
melastatin 2; TSCC, tongue squamous cell carcinoma; N, normal tongue tissues; P, peritumor tissues; T, tongue squamous cell carcinoma tissues.

the well-differentiated tumor group (Fig. 1D, F and H). By
contrast, TRPM2 expression was significantly decreased
in the tissues in the moderately and poorly differentiated
groups (Fig. 1E, G and H). Immunohistochemical analysis
demonstrated similar results (Fig. 2). These data suggested that
the protein expression levels of TRPM?2 in the TSCC tissues
were associated with different degrees of tumor differentiation.

Oxidative stress levels are significantly increased in tissues
with low TRPM?2 expression. TRPM2 is a typical cationic
channel sensitive to oxidative stress, and it can be activated by
external stimuli such as ROS, thereby regulating the survival
or death of tumor cells. In order to clarify the association
between oxidative stress level and differential expression of
TRPM2 proteins in the TSCC tissues, the content of MDA,
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Figure 2. TRPM2 expression is significantly upregulated in well-differentiated TSCC tissues, and downregulated in moderately or poorly differentiated TSCC
tumors. Representative image of immunohistochemical staining of TRPM2 in tongue tissue specimens. Scale bars=200 (left-hand and middle columns) or

50 pum (right-hand column). TRPM2, transient receptor potential melastatin 2.

a key indicator of oxidative stress, and the enzyme activity
level of antioxidant enzyme SOD were detected in tissues with
high and low TRPM2 expression. As indicated in Fig. 3A-D,
no significant differences in MDA content and SOD enzyme
activity were identified in tumor tissues in the high TRPM2
expression group as compared with the normal and peritumor
tissues. By contrast, significantly increased MDA content and
decreased activity of antioxidant enzyme SOD were detected
in tissues with low TRPM2 expression, indicating that the
oxidative stress level was significantly increased in this group.

Apoptosis levels are significantly increased in tissues with
low TRPM? expression. Moderate level of oxidative stress can
modulate cellular survival and metabolic pathways to enhance
cell proliferation. However, as the oxidative stress level rises, it
damages tissues through protein oxidation, lipid peroxidation,
DNA oxidation and mutagenesis, and activation of cell death
pathways (7). As apoptosis is one of the most common forms
of cell death, the expression of apoptosis-associated proteins
in TSCC tissues with high and low TRPM2 expression levels
were explored. As shown in Fig. 4C and D, the expression
level of anti-apoptotic protein Bcl-xL was significantly down-
regulated in the tissues with low TRPM2 expression levels.

By contrast, the expression levels of pro-apoptotic proteins
including Caspase-8, Bax, and the cleaved form of caspase-9,
caspase-3, and poly [ADP-ribose] polymerase (PARP) were
significantly increased, suggesting a significant increase in the
apoptosis level in this group. However, no significant increase
in the expression levels of these pro-apoptotic proteins was
detected in the high TRPM2 expression group (Fig. 4A and B).
Taken together with the data regarding the oxidative stress
levels in each group, we hypothesize that downregulation of
the TRPM2 channel may inhibit the ability of cells to adapt
to or resist the oxidative stress, increasing their susceptibility
to apoptosis.

Discussion

In the present study, it was determined that the expression level
of TRPM2 channel was associated with TSCC differentiation
degree by using western blot analysis, PCR and IHC analyses
of tumor, peritumor and normal tissues from patients with
TSCC. Notably, the mRNA and protein expression levels of
TRPM2 were significantly upregulated in the well-differenti-
ated TSCC tissues, while the opposite result was observed in
the moderately or poorly differentiated TSCC tissues.
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Figure 3. Oxidative stress level is significantly increased in tissues with low TRPM2 expression. (A and B) The (A) MDA content and (B) SOD activity in high
TRPM2 expressed tumor tissues in the well-differentiated tumor group (n=>5). (C and D) The (C) MDA content and (D) SOD activity in low TRPM?2 expressed
tumor tissues in the moderately or poorly differentiated group (n=5). Each experiment was repeated 3 times with duplicate samples and data are presented as
the mean + SEM. "P<0.05 and “'P<0.01. TRPM?2, transient receptor potential melastatin 2; N, normal tongue tissues; P, peritumor tissues; T, tongue squamous

cell carcinoma tissues; MDA, malondialdehyde; SOD, superoxide dismutase.

The TRPM2 channel has been implicated as an oxidative
stress sensor in a number of physiological and pathological
processes (7,43,44). It has been demonstrated that normal
physiological levels of ROS can activate transcription factors
and signaling kinases, but excessive increases in ROS result in
damage to mitochondria, DNA, proteins and lipids, thus leading
to cell death (7). However, a large volume of evidence suggests
that malignant cells increase their antioxidant capacities to
prevent tissue damage when ROS levels are increased (12,45).
Therefore, it is important to determine the oxidative stress
levels in TSCC tissues, to further understand the function
of TRPM2 channel in the modulation of oxidative stress in
TSCC. MDA is one of the most important indicators used to
reflect the oxidative stress levels of cells or tissues, while SOD
is an efficient and powerful antioxidant enzyme that acts to
decrease the levels of oxidative stress in an organism (2,46). By
detecting the content of MDA and activity of SOD, the present
study identified that in the TSCC tissues with low TRPM?2
expression, the MDA content was significantly increased and
the SOD activity was decreased significantly compared with
normal tongue tissues, which is consistent with the results
reported by Bao er al (12), which demonstrated that TRPM?2
knockout significantly decreased the expression of antioxidant
enzyme SOD2 under doxorubicin-induced oxidative stress in
the neuroblastoma SH-SYSY cell line, indicating that a low

expression of TRPM?2 was associated with a higher level of
oxidative stress. This observation has also been confirmed
by other studies, in which the inhibition or downregulation
of TRPM2 expression significantly increased the production
of intracellular ROS in response to oxidative stress, leading
to mitochondrial dysfunction, DNA damage, apoptosis and
cell death (7,10,12,30,35,39,40). Furthermore, considering
the association between the expression level of TRPM2 and
the differentiation degree of TSCC, we hypothesize that the
poorly differentiated tissues exhibit a decreased TRPM2
expression level but an increased level of oxidative stress. It
has been reported that the degree of tumor differentiation is
associated with the level of oxidative stress. For example, it
was observed in patients with breast cancer that the expression
levels of cytochrome P450 1A1 and cytochrome P450 1Bl1, 2
oxidative stress markers, were significantly higher in grade III
(poorly differentiated) tumors as compared with patients with
grades I (well-differentiated) and II (moderately differenti-
ated) tumors (47). This is consistent with the observation of the
present study that the poorly differentiated tissues exhibited an
increased level of oxidative stress.

As TRPM?2 is sensitive to oxidative stress, we hypothesize
that TRPM?2 serves an important role in regulating the
oxidative stress level of TSCC tissues and determining
cell fate. The present study identified a significant increase
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Figure 4. Apoptosis is significantly increased in tissues with low TRPM2 expression. (A and C) Western blotting analysis was used to explore the expression
of apoptosis-associated proteins (caspase-8, Bcl-xL, Bax, caspase-9, cleaved caspase-9, caspase-3, cleaved caspase-3, PARP, cleaved PARP) in TSCC tissues
with (A) high or (C) low TRPM2 expression in the N, P, and T groups. 3-actin was used as a loading control. (B and D) Statistical analysis of the expression
levels of the apoptosis-associated proteins (caspase-8, Bcl-xL, Bax, caspase-9, cleaved caspase-9, caspase-3, cleaved caspase-3, PARP, cleaved PARP) with
(B) high or (D) low TRPM2 expression in the N, P, and T groups. All data were normalized to the data from the normal tongue tissue and presented as the
mean + SEM. "P<0.05 and “P<0.01. TRPM2, transient receptor potential melastatin 2; TSCC, tongue squamous cell carcinoma; N, normal tongue tissues;
P, peritumor tissues; T, tongue squamous cell carcinoma tissues; PARP, poly [ADP-ribose] polymerase.

in apoptosis levels in the TSCC tissues with low TRPM2
expression, suggesting that the expression level of the TRPM2
channel is associated with apoptosis. These results have been
supported by Bao et al (10), who observed that depletion
of TRPM2 resulted in increased mitochondrial ROS and
enhanced apoptosis in neuroblastoma cells when treated with
chemotherapeutic agents such as doxorubicin. All of these
results also explain the situation commonly encountered
in the clinical treatment of tumors, in which patients with
poorly differentiated carcinoma exhibit increased sensitivity
to chemotherapy drugs, suggesting that poorly differentiated
tumor cells are more susceptible to chemotherapy-induced
apoptosis. Similarly, a more recent study has also shown
that downregulation of TRPM2 significantly inhibited
cell proliferation and promoted apoptosis via increasing
intracellular ROS and RNS levels and activating the JNK
pathway in lung cancer cells (18). In addition, regarding the
association between differentiation degree and apoptosis level,
it was reported that in a poorly differentiated Mahlavu cell
subline, the overproduction of ROS resulted in a significant
decrease in mitochondrial transmembrane potential and

activated caspases-3/7, resulting in increased apoptosis (48).
These results are consistent with the results of the present
study, which demonstrated that the expression levels of
cleaved caspase-9 and cleaved caspase-3 were significantly
increased in poorly differentiated TSCC tissues with low
TRPM?2 expression, suggesting an increase in the levels of
apoptosis in these tissues. In addition, the expression levels of
anti-apoptotic protein Bcl-xL and pro-apoptotic protein Bax
were also detected. Bcl-xL was significantly downregulated in
the TSCC tissues with low TRPM?2 expression, while Bax was
upregulated in this group. A previous study reported a similar
result, demonstrating that Bcl-xL genes expression level was
positively associated with the degree of differentiation and the
clinical TNM staging (49). Taken together, we hypothesize
that the low expression of the TRPM2 channel observed in
the moderately and poorly differentiated TSCC inhibited the
ability of cells to cope with oxidative stress injury, resulting
in an increased level of apoptosis. The data from the present
study also suggest that inhibition of TRPM?2 functional
expression may represent a potential therapeutic strategy
for patients with TSCC, by promoting tumor cell apoptosis.



ZHU et al: TRPM2 CORRELATES WITH HISTOLOGICAL GRADING

However, considering the varying expression levels of TRPM2
channel observed in different types of differentiated tumor
tissues, the specific molecular regulatory mechanism, and the
effectiveness of TRPM?2 inhibitors for patients with TSCC
with distinct tumor differentiation levels remain unknown,
and will explored in future studies.

In conclusion, the present study provides the first clinical
evidence that the expression levels of TRPM?2 channel were
associated with TSCC differentiation degree. The association
between TRPM?2 expression, oxidative stress level, apoptosis
level and the degree of cell differentiation were established,
which may lead to the identification a potent biomarker for
tumor cell differentiation and provide insights into the mecha-
nisms in TSCC pathogenesis.
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