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Stephen Yarwood

Received: 31 January 2022

Accepted: 29 March 2022

Published: 2 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cells

Article

Oxidative Stress-Induced TRPV2 Expression Increase Is
Involved in Diabetic Cataracts and Apoptosis of Lens Epithelial
Cells in a High-Glucose Environment
Linghui Chen 1, Yanzhuo Chen 1, Wen Ding 2, Tao Zhan 2, Jie Zhu 1, Lesha Zhang 2, Han Wang 2, Bing Shen 2,*
and Yong Wang 1,*

1 Department of Ophthalmology, First Affiliated Hospital of Anhui Medical University, Hefei 230022, China;
1945010724@stu.ahmu.edu.cn (L.C.); 2045011039@stu.ahmu.edu.cn (Y.C.); zhujie@ahmu.edu.cn (J.Z.)

2 School of Basic Medical Sciences, Anhui Medical University, Hefei 230032, China;
1945010003@stu.ahmu.edu.cn (W.D.); 1945010006@stu.ahmu.edu.cn (T.Z.); zhanglesha@ahmu.edu.cn (L.Z.);
1914010029@stu.ahmu.edu.cn (H.W.)

* Correspondence: shenbing@ahmu.edu.cn (B.S.); wangyong129616@ahmu.edu.cn (Y.W.);
Tel.: +86-551-6516-1132 (B.S.)

Abstract: Cataracts are a serious complication of diabetes. In long-term hyperglycemia, intracellular
Ca2+ concentration ([Ca2+]i) and reactive oxygen species (ROS) are increased. The apoptosis of
lens epithelial cells plays a key role in the development of cataract. We investigated a potential
role for transient receptor potential vanilloid 2 (TRPV2) in the development of diabetic cataracts.
Immunohistochemical and Western blotting analyses showed that TRPV2 expression levels were
significantly increased in the lens epithelial cells of patients with diabetic cataracts as compared with
senile cataract, as well as in both a human lens epithelial cell line (HLEpiC) and primary rat lens
epithelial cells (RLEpiCs) cultured under high-glucose conditions. The [Ca2+]i increase evoked by
a TRPV2 channel agonist was significantly enhanced in both HLEpiCs and RLEpiCs cultured in
high-glucose media. This enhancement was blocked by the TRPV2 nonspecific inhibitor ruthenium
red and by TRPV2-specific small interfering (si)RNA transfection. Culturing HLEpiCs or RLEpiCs for
seven days in high glucose significantly increased apoptosis, which was inhibited by TRPV2-specific
siRNA transfection. In addition, ROS inhibitor significantly suppressed the ROS-induced increase of
TRPV2-mediated Ca2+ signal and apoptosis under high-glucose conditions. These findings suggest a
mechanism underlying high-glucose–induced apoptosis of lens epithelial cells, and offer a potential
target for developing new therapeutic options for diabetes-related cataracts.

Keywords: TRPV2; diabetic cataract; apoptosis; human lens epithelial cell

1. Introduction

Transient receptor potential (TRP) superfamily channels are membrane proteins that
act as non-selective cation channels permeable to calcium (Ca2+), and play an important role
in maintaining Ca2+ homeostasis in mammalian tissues and cells [1]. As a member of this
superfamily, TRP vanilloid 2 (TRPV2) serves as a sensor for temperature and mechanical
stimuli [2,3]. Ca2+ can act as a second messenger in cells, and is involved in regulating
many different cellular functions, such as the cell cycle, cell proliferation and migration, and
cell death [4–6]. Ca2+ influx mediated by TRPV2 in response to different stimuli can disrupt
intracellular Ca2+ homeostasis, and Ca2+ overload induces a series of catastrophic events
in cells. However, the role of TRPV2 in the lens epithelial cells of the eye is still unclear.

The lens is a double convex structure suspended between the anterior chamber and
the vitreous of the eye. Its non-vascular transparency helps to refract and focus light
onto the retina. Any opacity caused by the lens is typically called a cataract [7]. Diabetes
is a chronic metabolic disease that involves multiple systems. Epidemiology studies
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show that people with diabetes have a higher incidence of cataracts, and the glucose
concentration of the crystalline lens can reflect blood glucose levels [8]. In long-term
chronic hyperglycemia, the production of reactive oxygen species (ROS) significantly
increased, combined with decreased antioxidant capacity, and the Ca2+ concentration in
the lens is upregulated; [Ca2+]i overload induces calpain activation, crystalline proteolysis,
lens epithelial cell apoptosis, and a series of other events [9,10]. It is well known that lens
epithelial cell apoptosis plays an important role in the development of cataracts [11], but
the specific mechanisms involved in Ca2+ homeostasis dysfunction and its associated signal
transduction in diabetic cataracts remain unclear.

In the present study, we investigated the effect of ROS on TRPV2 expression and
function, the functional role of TRPV2 in the regulation of [Ca2+]i homeostasis in lens
epithelial cells, and the pathologic function of TRPV2 in high glucose-induced lens epithelial
cell apoptosis by using, among other approaches, immunohistochemistry, Western blotting,
and Ca2+ imaging.

2. Materials and Methods
2.1. Materials

Ruthenium red (RR) and 2-aminoethyldiphenyl borate (2-APB) were obtained from Sigma
(St. Louis, MO, USA). Fluo-8/AM was purchased from Abcam (Cambridge, UK), and dissolved
in dimethyl sulfoxide. Lipofectamine 3000 was obtained from Invitrogen (Waltham, MA, USA).
Specific siRNAs for human TRPV2 (5′-CUUCUUAAACUUCCUGUGUAA-
3′) and scrambled siRNA (5′-ACGCGUAACGCGGGAAUUU-3′) were designed by and
obtained from Biomics Biotech (Nantong, China). ROS assay kit were obtained from Bey-
otime Biotechnology (Shanghai, China). Tempol was purchased from MedChemExpress
(Monmouth Junction, NJ, USA).

2.2. Cell Culture

A human lens epithelial cell (HLEpiC) line was purchased from the American Type
Culture Collection (HB-8065, Manassas, VA, USA). HLEpiCs were maintained in Dulbecco’s
modified eagle’s medium supplemented with 10% fetal bovine serum (C04001, Bioind, Kib-
butz Beit Haemek, Israel) and 1% penicillin/streptomycin (C0222, Beyotime Biotechnology,
Shanghai, China) at 37 ◦C in a 5% CO2 incubator. The culture medium in the high-glucose
(HG) group contained 25.6 mM glucose, whereas the normal-glucose (NG) culture medium
contained 5.5 mM glucose with 20 mM mannitol to maintain the same osmotic pressure as
that in the HG condition. Functional studies were performed using cells cultured for 1, 3,
5, and 7 days in the two media. We transfected cells with siTRPV2 (100 nM) and siRNA
negative control (siNC, 100 nM) by using Lipofectamine 3000 (L3000015, Thermo Fisher
Scientific, Waltham, MA, USA). The transfection efficiency was determined by Western
blotting assays.

All animal experiments were conducted in accordance with the approval of the Animal
Ethics Committee of Anhui Medical University (protocol code: LLSC20200179). Wild-
type Sprague Dawley (SD) rats were humanely killed through the inhalation of CO2 gas.
After the eyes of rats were washed with sterile phosphate-buffered saline (PBS), the lens
capsule membranes were dissected under a dissecting microscope, removed, cut, and
transferred to a culture dish containing endothelial cell medium (ECM) (1001, ScienCell
Research Laboratories, Carlsbad, CA, USA) complete medium. The membrane tissues
were cultured at 37 ◦C with 5% CO2 for 24 h. During seven days of culture, lens epithelial
cells gradually emerged from the membrane tissues. Lens epithelial cells, identified by
immunofluorescence staining, were used in the experiments, as described below.

2.3. [Ca2+]i Measurement

HLEpiCs were incubated with 10 µM Fluo-8/AM in an incubator which was kept
in the dark for 30 min at 37 ◦C. Cells were treated with 10 µM RR for 10 min in a normal
physiological saline solution containing (in mM) 140 NaCl, 5 KCl, 1 MgCl2, 10 glucose,



Cells 2022, 11, 1196 3 of 14

1 CaCl2, and 5 HEPES (pH 7.4). When Ca2+ influx reached equilibrium, 250 µM 2-APB
was applied for 10 min. Ca2+ fluorescence was recorded using fluorescence microscopy
(Olympus IX73, Lambda DG-4, Sutter Instrument Company, Novato, CA, USA). We set the
excitation wavelength at 490 nm, and the emission wavelength at 525 nm. Changes in the
[Ca2+]i were expressed as the ratio of fluorescence intensity before and after the 2-APB or
RR application (F1/F0) [12].

2.4. RNA Isolation and qRT-PCR

TRIzol reagent (15596-026, Invitrogen, Waltham, MA, USA) was used for RNA ex-
traction from HLEpiCs. The ratio of absorbance at 260 nm and 280 nm was determined
to evaluate the quality and concentration of extracted RNA. Single stranded cDNA was
synthesized from 1.0 µg of total RNA using the SPARKscript II RT Plus Kit with the gDNA
Eraser Kit (AG0304, SparkJade, Qingdao, China).

We used cDNA as a template for qRT-PCR. The reaction system (total volume, 20 µL)
was as follows: cDNA template (2 µL), forward and reverse primers (10 µmol/L; 0.8 µL),
2×SYBR qPCR Mix (10 µL) (AH0104, SparkJade), ROX Reference Dye II (0.4 µL) (AH0104,
SparkJade) and ddH2O (6.8 µL). The reaction conditions were as follows: 94 ◦C for 3 min;
40 cycles of 94 ◦C for 10 s, and 60 ◦C for 30 s. After the reaction, the amplification curve and
melting curve were determined. Each sample was assayed three times during amplification
of the target gene. The mRNA expression level was evaluated using the 2−∆∆Ct approach,
and the relative gene expression level was normalized to actin beta (ACTB). The following
primer sequences were used: human TRPV2 (forward CCCGGCTTCACTTCCTCC, reverse
GCGTCGGTGTTGGCCTGAC) and human ACTB (forward TCATGAAGTGTGACGTG-
GACATC, reverse CAGGAGGAGCAATGATCTTGATCT).

2.5. Western Blotting

The proteins were extracted with a radioimmunoprecipitation assay buffer (P0013B,
Beyotime Biotechnology, Shanghai, China). The total proteins (30 µg) were loaded in each
well of a 10% sodium dodecyl sulfate polyacrylamide gel. Subsequently, the proteins were
transferred to polyvinylidene fluoride membranes (Millipore, Burlington, MA, USA). After
being blocked, the membrane containing the transferred proteins was incubated overnight
at 4 ◦C with the respective following specific primary antibodies: anti-TRPV2 (sc-514848,
mouse monoclonal, Santa Cruz Biotechnology, Dallas, TX, USA), anti-Bcl-2 (12789-1-AP,
rabbit polyclonal, Proteintech, Wuhan, China), anti-Bax (50599-2-Ig, rabbit polyclonal,
Proteintech), anti-caspase-3 (19677-1-AP, rabbit polyclonal, Proteintech), and anti-β-tubulin
(AF7011, rabbit polyclonal, Affinity Biosciences, Changzhou, China). The immunosignal
resulting after horseradish peroxidase-conjugated secondary antibody incubation was
detected using a chemiluminescence detection system. The optical intensity of the protein
bands was normalized to β-tubulin, which was run on the same blots, and is presented as
relative optical density.

2.6. Immunohistochemistry

The Ethics Committee of Anhui Medical University approved the protocol for the
use of human tissue (protocol code: P2021-02-10). Briefly, human lens epithelial tissues
from patients who were used in our previous study were obtained during clinical surgery,
and clinical information is same as our published study [12]. Specimens were collected
with written informed consent from each participating patient was obtained. The fresh
tissues were fixed with 4% paraformaldehyde, and then the paraffin was embedded and
sectioned. The specimens were deparaffinized and rehydrated. Hydrogen peroxide (3%)
incubation for 10 min was used to remove endogenous peroxidase activity. Mouse anti-
TRPV2 antibodies (1:50) were incubated overnight at 4 ◦C. After secondary antibody
incubation, the specimens were developed with horseradish peroxidase, and then with
3,3′-diaminobenzidine tetrahydrochloride, after which the sections were counterstained
with hematoxylin. For the negative control, the primary antibody was omitted. The
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resulting positive stained cells had brownish or yellow cytoplasm, and were observed and
photographed under a light microscope.

2.7. TUNEL Assay

The lens epithelial cells were fixed with 4% paraformaldehyde for 20 min, and were
permeabilized with 0.2% Triton X-100 at room temperature for 5 min after being rinsed
in PBS. After being permeabilized, the cells were labeled with Bright Green Labeling
Mix (terminal deoxynucleotidyl transferase and FITC-12-dUTP) for 1 h in the dark. The
reaction was stopped by rinsing with PBS three times. The nuclei were visualized using 4′,6-
diamidino-2-phenylindole (DAPI). An anti-fluorescence quenching agent was applied, and
the resulting cells were observed under a fluorescence microscope. Each cell was observed
for blue fluorescence (DAPI) at a wavelength of 460 nm, and the apoptotic cells were
identified by green fluorescence at a wavelength of 520 nm. The percentage of apoptotic
cells was calculated as follows: (apoptotic cell number/total cell number) × 100.

2.8. Immunofluorescence Staining

Briefly, the lens epithelial cells were fixed with 4% paraformaldehyde for 20 min.
Subsequently, the membrane was permeabilized by 0.2% Triton X-100, and blocked by
3% bovine serum albumin solution for 1 h. A solution of 5% bovine serum albumin was
used as a control. Anti-connexin 46 (YT1048, rabbit polyclonal, ImmunoWay Biotech-
nology, Suzhou, China) was incubated overnight at 4 ◦C. After being washed with PBS,
the cells were incubated with fluorescent secondary antibody at room temperature for
2 h, rinsed, and mounted with medium containing DAPI to stain cell nuclei for 5 min
before an anti-fluorescence quenching agent was applied. The cells were observed under a
fluorescence microscope.

2.9. ROS Assay

After the treatment in different group, HLEpiCs were loaded with fluorescent probe
DCFH-DA diluted at a ratio of 1:1000 in serum-free medium, and cultured at 37 ◦C with
5% CO2 for 30 min. Serum-free cell culture medium was used to wash excess fluorescent
dye, and the results were examined by a fluorimeter.

2.10. Statistical Analysis

We use two-tailed unpaired Student’s t-tests to compare the significance between two
groups. Two-way analysis of variance was used when more than two treatments were
compared. All analyses were performed with GraphPad Prism. Values are expressed as
means ± SEM. A value of p < 0.05 was considered statistically significant.

3. Results
3.1. Changes in TRPV2 Protein Expression

We first used immunohistochemical methods to analyze the expression levels of
the TRPV2 channel protein in lens epithelial cells derived from diabetic cataract tissue
compared with those derived from senile cataract tissue as control group. The results
showed that the expression level of TRPV2 protein was significantly higher in the diabetic
cataract tissue (Figure 1a,b). We then cultured HLEpiCs and primary cultured rat lens
epithelial cells in a high-glucose (25.6 mM) medium to mimic a high-glucose environment
for 1, 3, 5, and 7 days. The primary cultured rat lens epithelial cells were verified by
assessing the expression of connexin-46 (Figure 1c). Western blotting analysis showed that,
compared with NG culture, the expression levels of TRPV2 protein in the two types of cells
cultured in HG were significantly increased in the seventh day (Figure 1d–g). Given that
the TRPV2 channel protein is permeable to Ca2+, we speculated that a Ca2+ imbalance may
play a role in the occurrence and development of diabetic cataracts.
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Figure 1. Changes in TRPV2 protein expression. (a,b) Representative images (a) and summary
data (b) showing TRPV2 expression levels in human lens epithelial cells from patients having
senile cataracts (SC) or diabetic cataracts (DC). In (b), data showing the ratio of integrated optical
density/total area of TRPV2. (c) Immunofluorescence images showing the expression of connexin-46
(Con-46) protein in primary cultured lens epithelial cells from rat. No—primary antibody control:
I–III Connexin-46 expression: IV-VI. Cell nuclei are stained blue by 4′,6-diamidino-2-phenylindole
(DAPI). (d–g) Representative Western blotting images (d,f) and summary data (e,g) showing the
expression levels of TRPV2 in HLEpiCs (d,e) and primary rat lens epithelial cells (f,g) cultured in a
normal-glucose (NG, 5.5 mM glucose and 20 mM mannitol) or high-glucose (HG, 25.6 mM glucose)
media for 1, 3, 5, and 7 days. Numbers in parentheses over the bars in panels (e,g) represent the
number of biological replicates. Values are shown as the mean ± SEM; n = 3–11. * p < 0.05 vs. SC or
NG at 3, 5, and 7 days analyzed by two-tailed unpaired Student’s t test; ns, not significant.

3.2. Changes of TRPV2-Mediated Ca2+ Influx in an HG Environment

HLEpiCs and primary cultured rat lens epithelial cells were each cultured in NG or
HG medium for seven days. The Ca2+ imaging results firstly showed that high glucose
treatment for seven days significantly increased basal intracellular Ca2+ concentration
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in HLEpiCs (Figure S1). Then, Ca2+ influx in HLEpiCs was evoked by the non-specific
TRPV2 channel agonist 2-APB [13,14], but was inhibited by the non-specific TRPV2 channel
inhibitor RR (Figure 2a–f) [15,16] in a normal physiological saline solution. Moreover, we
found that a 2-APB-induced [Ca2+]i increase was enhanced in HLEpiCs and primary rat
lens epithelial cells cultured under HG compared with cells cultured in NG (Figure 2a–f).
To further explore the role of TRPV2 in 2-APB-evoked [Ca2+]i increase, HLEpiCs were
cultured in NG or HG medium for seven days, and then transfected with TRPV2 siRNA or
with scrambled siRNA as a control. Our Ca2+ imaging results showed that 2-APB-induced
[Ca2+]i increase was significantly reduced in TRPV2 siRNA-transfected HLEpiCs com-
pared with scrambled siRNA-transfected HLEpiCs, both in the NG and HG environments
(Figure 2j,k). In addition, TRPV2 siRNA transfection successfully suppressed TRPV2 ex-
pression in HLEpiCs (Figure 2g–i). To further investigate whether 2-APB-induced [Ca2+]i
increase was due to Ca2+ influx or endogenous Ca2+ release, HLEpiCs were stimulated
with 2-APB in a Ca2+-free solution in both NG and HG groups. Our results showed that,
in the Ca2+ free solution, 2-APB induced an increase in [Ca2+]i in HLEpiCs and followed
Ca2+ influx evoked through the application of 1 mM extracellular Ca2+. Moreover, 2-
APB-induced Ca2+ release was increased in the HG group even there was no significant
difference, but 2-APB-induced Ca2+ influx was significantly increased in the HG group
compared with the NG group (Figure S2). In another group, HLEpiCs were treated with
BTP2 (a nonselective inhibitor of Orai channels) to inhibit store-operated Ca2+ entry (SOCE).
Our results suggested that BTP2 treatment suppressed 2-APB-induced Ca2+ releases in the
Ca2+ free solution, even there were no significant differences in HLEpiCs cultured under
NG and HG conditions for seven days, but significantly suppressed Ca2+ influx in HLEpiCs
cultured under HG conditions for seven days. Interesting, 2-APB-induced Ca2+ influx in
BTP2-treated group was still significantly increased in the HG group compared with the
NG group (Figure S2). Therefore, 2-APB-induced Ca2+ influx was significantly stronger in
the HG group both with and without BTP2 treatment. These findings suggest that TRPV2
is involved in mediating Ca2+ influx in lens epithelial cells, and that this effect is enhanced
in an HG environment, which may lead to [Ca2+]i overload.

3.3. Role of TRPV2 in HG-Induced Apoptosis of Lens Epithelial Cells

Abnormal apoptosis of lens epithelial cells is the initial event in cataract development,
and Ca2+ is involved in regulating apoptosis. Therefore, we investigated the apoptotic
changes of lens epithelial cells under HG conditions. HLEpiCs and primary cultured rat lens
epithelial cells were each cultured in NG or HG medium for seven days. In the HG group,
Western blotting analysis of apoptosis-related proteins showed that the intracellular Bcl-
2/Bax ratio was significantly decreased, whereas the cleaved caspase-3 protein expression
level was significantly increased (Figure 3a–f). In addition, TUNEL analysis showed an
increased percentage of apoptotic cells (Figure 3g–j). These data suggest that apoptosis of
lens epithelial cells is increased under HG conditions.

To further assess the role of TRPV2 in HG-induced apoptosis, we used Western
blotting to analyze apoptosis-related proteins. In the NG group, transfection with TRPV2
siRNA did not significantly alter the Bcl-2/Bax ratio, cleaved caspase-3 protein expression
levels (Figure 4a–c), or cleaved caspase-9 protein expression levels (Figure S3), compared
with scrambled siRNA transfection in HLEpiCs. In the HG group, transfection with
TRPV2 siRNA increased the proportion of Bcl-2/Bax in cells, whereas cleaved caspase-3
(Figure 4d–f) and cleaved caspase-9 (Figure S3) protein expression levels were significantly
decreased. These data indicate that an HG environment significantly stimulates apoptosis
of HLEpiCs, and that TRPV2 may play a key role in this apoptosis.
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Figure 2. Changes of TRPV2-mediated Ca2+ influx in a high-glucose environment. (a–f) Repre-
sentative traces (a,b,d,e) and summary data (c,f) showing the changes in the intracellular Ca2+

concentration of HLEpiCs (a–c) and primary rat lens epithelial cells (d–f) cultured in a normal-
glucose (NG, 5.5 mM glucose and 20 mM mannitol) or high-glucose (HG, 25.6 mM glucose) medium
for seven days. The cells were treated without or with ruthenium red (RR, 10 µM) and activated
by 2-aminoethyldiphenyl borate (2-APB, 250 µM). (g) Summary data showing TRPV2 mRNA ex-
pression level of HLEpiCs transfected with TRPV2 siRNA or scrambled siRNA control for three
days. (h–i) Representative Western blotting images (h) and summary data (i) showing TRPV2 protein
expression levels of HLEpiCs transfected with TRPV2 siRNA or scrambled siRNA control for three
days. (j–k) Representative traces (j) and summary data (k) of the changes in intracellular Ca2+

concentration of HLEpiCs transfected with TRPV2 siRNA or scrambled siRNA control and cultured
in NG or HG media for seven days. The TRPV2 channel agonist 2-APB (250 µM) activated the
channel to induce Ca2+ influx. Values are shown as the mean ± SEM; n = 3–6. * p < 0.05 analyzed
by two-way analysis of variance followed by a Bonferroni test in panel c, f and k, and two-tailed
unpaired Student’s t test in panel (g,i); ns, not significant.
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Figure 3. High glucose–induced apoptosis of lens epithelial cells. (a–f) Representative Western
blotting images (a,d) and summary data (b,c,e,f) showing the Bcl-2/Bax protein expression ratio
(b,e) and the expression levels of active caspase-3 (c,f) in HLEpiCs (a–c) and primary rat lens epithelial
cells (d–f) cultured in a normal-glucose (NG, 5.5 mM glucose and 20 mM mannitol) or high-glucose
(HG, 25.6 mM glucose) medium for seven days. (g,i) Representative images showing cell nuclei (blue,
4′,6-diamidino-2-phenylindole [DAPI]) and apoptotic HLEpiCs (g) and primary rat lens epithelial
cells (i) (green, terminal deoxynucleotidyl transferase–mediated nick-end labeling) cultured in NG or
HG media for seven days. (h,j) Summary data showing the percentage of apoptotic HLEpiCs (h) and
primary rat lens epithelial cells (j). Values are shown as the mean ± SEM; n = 3–5. * p < 0.05 vs. NG
analyzed by a two-tailed unpaired Student’s t test.
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Figure 4. Role of TRPV2 in high glucose–induced apoptosis of lens epithelial cells. Representative
Western blotting images (a,d) and summary data (b,c,e,f) showing Bcl-2/Bax protein expression ratios
and the levels of active caspase-3 in HLEpiCs cultured in a normal-glucose ((a–c), 5.5 mM glucose and
20 mM mannitol) or high-glucose ((e,f), 25.6 mM glucose) medium for seven days and transfected
with TRPV2 siRNA or scrambled siRNA control. Values are shown as the mean ± SEM; n = 3–4.
* p < 0.05 vs. scrambled siRNA analyzed by two-tailed unpaired Student’s t test; ns, not significant.

3.4. Role of ROS in TRPV2 Expression Regulation

A high-glucose environment is able to induce excessive ROS production [17]. Our
results also showed that ROS was significantly increased in HLEpiCs cultured in HG media,
but inhibited by the antioxidant Tempol (Figure 5a: 0.25, 0.5, 1 mM in three days group;
Figure 5b: 0.5, 1 mM in seven days group) treatment for three and seven days with a
concentration-dependent manner. Then, we cultured HLEpiCs in NG or HG medium for
seven days, and the cells were treated with different concentrations of Tempol (0, 0.25, 0.5,
1, 2 mM). In the HG group, Western blotting analysis showed that, compared with the
solvent control, the increased expression levels of TRPV2 protein and cleaved caspase-3
protein were significantly suppressed, whereas Bcl-2/Bax ratio was significantly increased
in HLEpiCs (Figure 5c–f). In addition, the Ca2+ imaging results showed that 2-APB-induced
[Ca2+]i increase was significantly inhibited in HLEpiCs treated with Tempol (1 mM) for
seven days in both NG and HG groups (Figure 5g,h). To further investigate the effect of
ROS on TRPV2, mitochondrial membrane potential was measured. Our results showed that
the membrane potential of HLEpiCs was significantly decreased in HG medium culture
for seven days, which was partially reversed by the transfection of TRPV2 siRNA or the
treatment of cells with Tempol (1 mM) (Figure S4). In a high-glucose environment, increased
apoptosis may lead to the loss of mitochondrial membrane potential, and ROS-induced
increase of TRPV2 expression may be involved in this process.
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Figure 5. Effects of reactive oxygen species (ROS) on TRPV2 expression and function. (a,b) Summary
data showing intracellular ROS level in HLEpiCs treated with different concentrations of an antioxi-
dant Tempol (0, 0.25, 0.5, 1 mM) for three and seven days (n = 4). (c–f) Representative Western blotting
images (c) and summary data (d–f) showing the expression levels of TRPV2 (n = 4) (d), Bcl-2/Bax
(n = 3) protein expression ratio (e) and active caspase-3 in HLEpiCs (f) cultured in a normal-glucose
(NG, 5.5 mM glucose and 20 mM mannitol) or high-glucose (HG, 25.6 mM glucose) media treated
with Tempol (0, 0.25, 0.5, 1, 2 mM). (g,h) Representative traces (g) and summary data (h) showing the
changes in the intracellular Ca2+ concentration of HLEpiCs treated with Tempol (1 mM) cultured in a
NG or HG medium for seven days. The cells were activated by 2-aminoethyldiphenyl borate (2-APB,
250 µM). Values are shown as the mean ± SEM; n = 3–6. * p < 0.05 analyzed by two-way analysis of
variance, followed by a Bonferroni test.
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4. Discussion

In the present study, we first found elevated expression of the TRPV2 channel protein,
which is primarily permeable to Ca2+, in the lens epithelium of patients with diabetic
cataracts, compared with that among patients with senile cataracts. We then cultured
lens epithelial cells in an HG medium to simulate in vitro diabetes. The expression levels
of TRPV2 in both HLEpiCs and primary cultured rat lens epithelial cells were increased
under HG conditions. A normal glucose culture medium (5.5 mM) with mannitol (20 mM)
was used as a control group, therefore HG-induced changes are not due to the effect of
osmolarity change. In an experiment measuring [Ca2+]i, our results showed that the Ca2+

influx induced by the non-specific TRPV2 channel agonist 2-APB was significantly en-
hanced in HG cultured lens epithelial cells, and that this Ca2+ influx could be inhibited by
the non-specific TRPV2 channel inhibitor RR. To further assess the role of TRPV2 in this
enhanced Ca2+ influx, we used specific siRNA to inhibit TRPV2 expression. Transfection of
TRPV2 siRNA significantly inhibited TRPV2 expression and 2-APB–induced Ca2+ influx
under both NG and HG conditions, but the inhibition was stronger in the HG medium. In
addition, the HG culture significantly enhanced ROS production, and the ROS inhibitor
significantly suppressed ROS-induced increase of TRPV2-mediated Ca2+ signal and apop-
tosis under high-glucose conditions. These findings suggest that an HG environment
stimulates ROS production, which enhances TRPV2 expression. High expression of TRPV2
in lens epithelial cells, and the resulting enhanced Ca2+ influx, leads to intracellular Ca2+

homeostasis and signal transduction abnormalities and Ca2+ overload. Eventually, the
apoptosis of lens epithelial cells is increased, and may be related to the development of
diabetes-related cataracts.

Cataracts are the leading cause of blindness in the world, and people with diabetes are
at higher risk of both cataract occurrence and more rapid progression [8]. Previous studies
have suggested that the polyol pathway is the main explanation for the formation of diabetic
cataracts, and other mechanisms, including oxidative stress and glycosylation, have also
been suggested [17–19]. The glucose concentration of the lens in a diabetes environment
does not depend on insulin, and glucose in the lens is reduced to sorbitol, which is difficult
to convert into fructose [20,21]. The resulting hypertonic environment induces apoptosis
of lens epithelial cells, and causes water to enter the lens, leading to continuous swelling.
It has been reported that the Ca2+ concentration in the diabetic lens is increased, and that
Ca2+ antagonists exhibit anticataract properties [10,12,22,23]. Our results also showed that
TRPV2 was markedly increased in HG-cultured lens epithelial cells. Moreover, Ca2+ influx
mediated by TRPV2 is involved in HG-induced apoptosis of lens epithelial cells. Although
the HG cell culture model is not equivalent to the diabetic condition, cultures can mimic
the HG environment found in vivo. In addition, our immunohistochemical results showed
that the expression level of TRPV2 in the lens epithelial cells of patients with diabetic
cataracts was increased. Therefore, our findings suggest that TRPV2 may play a role in the
occurrence and development of diabetic cataracts. In our previous study, we identified that
Orai3 as a SOCE channel mediates the increase of [Ca2+]i in lens epithelial cells through the
SOCE pathway in a high-glucose environment [12]. However, in the present study, after an
Orai channel-mediated Ca2+ influx was suppressed by a SOCE inhibitor, we still recorded
an increased TRPV2-mediated Ca2+ influx in the HG environment. Thus, besides Orai3,
TRPV2 may also involve in HG-induced Ca2+ overload in lens epithelial cells.

Previous studies have shown that TRPV2 has important roles in the proliferation, inva-
sion, and apoptosis of tumor cells [24–27]. For example, it has been reported that inhibition
of TRPV2 expression reduces the proliferation and invasion of esophageal squamous cell
carcinoma cells [25]. In urothelial carcinoma and endometrial carcinoma, TRPV2 is highly
expressed in cancer tissues, and the TRPV2 agonist cannabidiol activates apoptosis [28,29].
Several studies in the past few years have also identified a role for TRPV2 in cardiac func-
tion, and have suggested that inhibition of TRPV2 activity may be a potential target for the
treatment of cardiomyopathy and heart failure [30–33]. However, a role for TRPV2 in lens
epithelial cells has not been previously reported. In our study, we found that the apoptosis
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of lens epithelial cells was significantly increased under HG conditions, and that TRPV2
may be involved in this process. Although the Bcl-2/Bax protein expression ratio was
significantly decreased in lens epithelial cells cultured in the HG medium, the expression
level of active caspase-3 was significantly increased. To further evaluate the role of TRPV2
in lens epithelial cell apoptosis, we transfected a specific TRPV2 siRNA into lens epithelial
cells to inhibit TRPV2 expression. Our results showed that TRPV2 siRNA transfection sig-
nificantly increased the ratio of Bcl-2/Bax, and significantly suppressed cleaved caspase-3
protein expression level in HLEpiCs cultured in HG, but not in NG. This suggests that the
TRPV2 channel protein may play a critical role in the apoptosis of lens epithelial cells that
is substantially increased in an HG environment. Therefore, our study suggests a potential
target for the treatment of diabetic cataracts, although in vivo animal model studies will be
needed to evaluate the therapeutic value of TRPV2 in diabetic cataract.

Increased blood glucose in diabetes induces oxidative stress in cells, and ROS has
been reported to increase the expression of TRPV2, which mediates cell death in human
hepatoma cells [17,34]. Our results showed that intracellular ROS and TRPV2 proteins were
significantly increased under high glucose environment. To verify the potential relationship
between ROS and TRPV2, we treated the cells with an antioxidant Tempol, and found
that when ROS was inhibited, HG-enhanced TRPV2 expression was suppressed as well.
These data indicated that TRPV2 may be a ROS-regulated channel, and our findings were
similar to several studies in other groups [16,34]. In addition, the cell apoptosis induced
by HG culture was also attenuated. Therefore, these results may indicate that increased
ROS in high-glucose environments may induce TRPV2 expression enhancement, thereby
enhancing Ca2+ overload, and following cell apoptosis in lens epithelial cells. TRPV2 may
be a potential target in high-glucose environment-induced lens epithelial cell apoptosis and
diabetic cataracts. However, in the present study, we also found that under NG-cultured
conditions, ROS and TRPV2 were both not significantly suppressed by antioxidant, but
2-APB-induced Ca2+ increase was dramatically reduced. The phenomenon may be caused
by some TRPV2 activation component suppression in Tempol treatment, but further study
is needed in the future.

5. Conclusions

In conclusion, our study showed that TRPV2 expression was significantly increased in
the epithelial lens tissue of patients with diabetic cataracts, and that enhanced ROS induced
lens epithelial cell apoptosis by upregulating TRPV2 expression and TRPV2-mediated Ca2+

overload in an HG environment, suggesting that TRPV2 may be one of key ion channels
mediating Ca2+ influx in lens epithelial cells, and may provide a potential therapeutic target
for diabetic or HG-induced cataracts.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cells11071196/s1, Figure S1: Changes of TRPV2-mediated in-
tracellular Ca2+ concentration of lens epithelial cells; Figure S2: 2-APB-induced intracellular Ca2+
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lens epithelial cells; Figure S4: Role of TRPV2 and reactive oxygen species in high glucose–induced
mitochondrial membrane potential decrease of lens epithelial cells.

Author Contributions: Conceptualization, L.C., Y.W. and B.S.; methodology, L.C., Y.C., W.D. and
T.Z.; software, J.Z.; validation, L.Z., B.S. and Y.W.; formal analysis, L.C., W.D. and T.Z.; investigation,
H.W., W.D. and T.Z.; resources, L.Z., B.S. and Y.W.; data curation, B.S. and Y.W.; writing—original
draft preparation, L.C., Y.C., B.S. and Y.W.; writing—review and editing, L.C., Y.C., B.S. and Y.W.; visu-
alization, L.C.; supervision, B.S. and Y.W.; project administration, B.S. and Y.W.; funding acquisition,
B.S. and Y.W. All authors have read and agreed to the published version of the manuscript.

Funding: This work was also supported by grants from the Clinical Science Foundation of Anhui
Medical University (Grant No. 2020xkj173), the National Natural Science Foundation of China
(Grant No. 81903590), the Natural Science Foundation of Anhui Province Department of Education
(Grant No. KJ2020ZD13), the Project Funded by Scientific Research Platform and Base Upgrading

https://www.mdpi.com/article/10.3390/cells11071196/s1
https://www.mdpi.com/article/10.3390/cells11071196/s1


Cells 2022, 11, 1196 13 of 14

Plan of Anhui Medical University (2021xkjT048), and the National College Student Innovation and
Entrepreneurship Training Program (Grant No. 202110366018X).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Anhui Medical
University (protocol code: P2021-02-10 and date of approval: 2 March 2021). The animal study
protocol was approved by the Institutional Review Board (or Ethics Committee) of Anhui Medical
University (protocol code: LLSC20200179 and date of approval: 1 March 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Yunxia Lu, in the Comprehensive Experiment Center
of Basic Medical Sciences and the Center for Scientific Research of Anhui Medical University for
support of this work through the use of these facilities.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ramsey, I.S.; Delling, M.; Clapham, D.E. An introduction to TRP channels. Ann. Rev. Physiol. 2006, 68, 619–647. [CrossRef]

[PubMed]
2. Benham, C.D.; Gunthorpe, M.J.; Davis, J.B. TRPV channels as temperature sensors. Cell Calcium 2003, 33, 479–487. [CrossRef]
3. Dietrich, A.; Chubanov, V.; Kalwa, H.; Rost, B.R.; Gudermann, T. Cation channels of the transient receptor potential superfamily:

Their role in physiological and pathophysiological processes of smooth muscle cells. Pharmacol. Ther. 2006, 112, 744–760.
[CrossRef] [PubMed]

4. Bravo-Sagua, R.; Parra, V.; López-Crisosto, C.; Díaz, P.; Quest, A.F.; Lavandero, S. Calcium Transport and Signaling in Mitochon-
dria. Compr. Physiol. 2017, 7, 623–634. [CrossRef] [PubMed]

5. Borowiec, A.S.; Bidaux, G.; Pigat, N.; Goffin, V.; Bernichtein, S.; Capiod, T. Calcium channels, external calcium concentration and
cell proliferation. Eur. J. Pharmacol. 2014, 739, 19–25. [CrossRef]

6. Azimi, I.; Bong, A.H.; Poo, G.X.H.; Armitage, K.; Lok, D.; Roberts-Thomson, S.J.; Monteith, G.R. Pharmacological inhibition of
store-operated calcium entry in MDA-MB-468 basal A breast cancer cells: Consequences on calcium signalling, cell migration and
proliferation. Cell Mol. Life Sci. 2018, 75, 4525–4537. [CrossRef]

7. Wormstone, I.M.; Wride, M.A. The ocular lens: A classic model for development, physiology and disease. Philos. Trans. R Soc.
Lond. B Biol. Sci. 2011, 366, 1190–1192. [CrossRef]

8. Klein, B.E.; Klein, R.; Moss, S.E. Prevalence of cataracts in a population-based study of persons with diabetes mellitus. Ophthal-
mology 1985, 92, 1191–1196. [CrossRef]

9. Biswas, S.; Harris, F.; Singh, J.; Phoenix, D. Role of calpains in diabetes mellitus-induced cataractogenesis: A mini review. Mol.
Cell Biochem. 2004, 261, 151–159. [CrossRef]

10. Sai Varsha, M.K.; Raman, T.; Manikandan, R. Inhibition of diabetic-cataract by vitamin K1 involves modulation of hyperglycemia-
induced alterations to lens calcium homeostasis. Exp. Eye Res. 2014, 128, 73–82. [CrossRef]

11. Okamura, N.; Ito, Y.; Shibata, M.A.; Ikeda, T.; Otsuki, Y. Fas-mediated apoptosis in human lens epithelial cells of cataracts
associated with diabetic retinopathy. Med. Electron. Microsc. 2002, 35, 234–241. [CrossRef] [PubMed]

12. Wang, Y.; Bai, S.; Zhang, R.; Xia, L.; Chen, L.; Guo, J.; Dai, F.; Du, J.; Shen, B. Orai3 exacerbates apoptosis of lens epithelial cells by
disrupting Ca(2+) homeostasis in diabetic cataract. Clin. Transl. Med. 2021, 11, e327. [CrossRef] [PubMed]

13. Hu, H.Z.; Gu, Q.; Wang, C.; Colton, C.K.; Tang, J.; Kinoshita-Kawada, M.; Lee, L.Y.; Wood, J.D.; Zhu, M.X. 2-aminoethoxydiphenyl
borate is a common activator of TRPV1, TRPV2, and TRPV3. J. Biol. Chem. 2004, 34, 35741–35748. [CrossRef] [PubMed]

14. Juvin, V.; Penna, A.; Chemin, J.; Lin, Y.L.; Rassendren, F.A. Pharmacological characterization and molecular determinants of
the activation of transient receptor potential V2 channel orthologs by 2-aminoethoxydiphenyl borate. Mol. Pharmacol. 2007, 5,
1258–1268. [CrossRef] [PubMed]

15. Luo, H.; Rossi, E.; Saubamea, B.; Chasseigneaux, S.; Cochois, V.; Choublier, N.; Smirnova, M.; Glacial, F.; Perrière, N.; Bourdoulous,
S.; et al. Cannabidiol Increases Proliferation, Migration, Tubulogenesis, and Integrity of Human Brain Endothelial Cells through
TRPV2 Activation. Mol. Pharm. 2019, 16, 1312–1326. [CrossRef]

16. Fricke, T.C.; Echtermeyer, F.; Zielke, J.; de la Roche, J.; Filipovic, M.R.; Claverol, S.; Herzog, C.; Tominaga, M.; Pumroy, R.A.;
Moiseenkova-Bell, V.Y.; et al. Oxidation of methionine residues activates the high-threshold heat-sensitive ion channel TRPV2.
Proc. Natl. Acad. Sci. USA 2019, 116, 24359–24365. [CrossRef]

17. Saremi, L.; Taghvaei, S.; Feizy, F.; Ghaffari, M.E.; Babaniamansour, S.; Saltanatpour, Z. Association study between superoxide
Dismutases gene polymorphisms and development of diabetic retinopathy and cataract in Iranian patients with type two diabetes
mellitus. J. Diabetes Metab. Disord. 2021, 20, 627–634. [CrossRef]

18. Lee, A.Y.; Chung, S.S. Contributions of polyol pathway to oxidative stress in diabetic cataract. FASEB J. 1999, 13, 23–30. [CrossRef]

http://doi.org/10.1146/annurev.physiol.68.040204.100431
http://www.ncbi.nlm.nih.gov/pubmed/16460286
http://doi.org/10.1016/S0143-4160(03)00063-0
http://doi.org/10.1016/j.pharmthera.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16842858
http://doi.org/10.1002/cphy.c160013
http://www.ncbi.nlm.nih.gov/pubmed/28333383
http://doi.org/10.1016/j.ejphar.2013.10.072
http://doi.org/10.1007/s00018-018-2904-y
http://doi.org/10.1098/rstb.2010.0377
http://doi.org/10.1016/S0161-6420(85)33877-0
http://doi.org/10.1023/B:MCBI.0000028750.78760.6f
http://doi.org/10.1016/j.exer.2014.09.007
http://doi.org/10.1007/s007950200027
http://www.ncbi.nlm.nih.gov/pubmed/12658358
http://doi.org/10.1002/ctm2.327
http://www.ncbi.nlm.nih.gov/pubmed/33784009
http://doi.org/10.1074/jbc.M404164200
http://www.ncbi.nlm.nih.gov/pubmed/15194687
http://doi.org/10.1124/mol.107.037044
http://www.ncbi.nlm.nih.gov/pubmed/17673572
http://doi.org/10.1021/acs.molpharmaceut.8b01252
http://doi.org/10.1073/pnas.1904332116
http://doi.org/10.1007/s40200-021-00790-7
http://doi.org/10.1096/fasebj.13.1.23


Cells 2022, 11, 1196 14 of 14

19. Snow, A.; Shieh, B.; Chang, K.C.; Pal, A.; Lenhart, P.; Ammar, D.; Ruzycki, P.; Palla, S.; Reddy, G.B.; Petrash, J.M. Aldose reductase
expression as a risk factor for cataract. Chem. Biol. Interact. 2015, 234, 247–253. [CrossRef]

20. Kador, P.F.; Inoue, J.; Secchi, E.F.; Lizak, M.J.; Rodriguez, L.; Mori, K.; Greentree, W.; Blessing, K.; Lackner, P.A.; Sato, S. Effect of
sorbitol dehydrogenase inhibition on sugar cataract formation in galactose-fed and diabetic rats. Exp. Eye Res. 1998, 67, 203–208.
[CrossRef]

21. Higashi, Y.; Higashi, K.; Mori, A.; Sakamoto, K.; Ishii, K.; Nakahara, T. Anti-cataract Effect of Resveratrol in High-Glucose-Treated
Streptozotocin-Induced Diabetic Rats. Biol. Pharm. Bull. 2018, 41, 1586–1592. [CrossRef] [PubMed]

22. Kametaka, S.; Kasahara, T.; Ueo, M.; Takenaka, M.; Saito, M.; Sakamoto, K.; Nakahara, T.; Ishii, K. Effect of nifedipine on severe
experimental cataract in diabetic rats. J. Pharmacol. Sci. 2008, 106, 651–658. [CrossRef] [PubMed]

23. Pierce, G.N.; Afzal, N.; Kroeger, E.A.; Lockwood, M.K.; Kutryk, M.J.; Eckhert, C.D.; Dhalla, N.S. Cataract formation is prevented
by administration of verapamil to diabetic rats. Endocrinology 1989, 125, 730–735. [CrossRef] [PubMed]

24. Gambade, A.; Zreika, S.; Guéguinou, M.; Chourpa, I.; Fromont, G.; Bouchet, A.M.; Burlaud-Gaillard, J.; Potier-Cartereau, M.;
Roger, S.; Aucagne, V.; et al. Activation of TRPV2 and BKCa channels by the LL-37 enantiomers stimulates calcium entry and
migration of cancer cells. Oncotarget 2016, 7, 23785–23800. [CrossRef]

25. Kudou, M.; Shiozaki, A.; Yamazato, Y.; Katsurahara, K.; Kosuga, T.; Shoda, K.; Arita, T.; Konishi, H.; Komatsu, S.; Kubota, T.; et al.
The expression and role of TRPV2 in esophageal squamous cell carcinoma. Sci. Rep. 2019, 9, 16055. [CrossRef]

26. Monet, M.; Gkika, D.; Lehen’kyi, V.; Pourtier, A.; Vanden Abeele, F.; Bidaux, G.; Juvin, V.; Rassendren, F.; Humez, S.; Prevarsakaya,
N. Lysophospholipids stimulate prostate cancer cell migration via TRPV2 channel activation. Biochim. Biophys. Acta 2009, 1793,
528–539. [CrossRef]

27. Nabissi, M.; Morelli, M.B.; Amantini, C.; Farfariello, V.; Ricci-Vitiani, L.; Caprodossi, S.; Arcella, A.; Santoni, M.; Giangaspero,
F.; De Maria, R.; et al. TRPV2 channel negatively controls glioma cell proliferation and resistance to Fas-induced apoptosis in
ERK-dependent manner. Carcinogenesis 2010, 31, 794–803. [CrossRef]

28. Yamada, T.; Ueda, T.; Shibata, Y.; Ikegami, Y.; Saito, M.; Ishida, Y.; Ugawa, S.; Kohri, K.; Shimada, S. TRPV2 activation induces
apoptotic cell death in human T24 bladder cancer cells: A potential therapeutic target for bladder cancer. Urology 2010, 76,
509.e1–509.e7. [CrossRef]

29. Marinelli, O.; Morelli, M.B.; Annibali, D.; Aguzzi, C.; Zeppa, L.; Tuyaerts, S.; Amantini, C.; Amant, F.; Ferretti, B.; Maggi, F.;
et al. The Effects of Cannabidiol and Prognostic Role of TRPV2 in Human Endometrial Cancer. Int. J. Mol. Sci. 2020, 21, 5409.
[CrossRef]

30. Iwata, Y.; Matsumura, T. Blockade of TRPV2 is a Novel Therapy for Cardiomyopathy in Muscular Dystrophy. Int. J. Mol. Sci.
2019, 20, 3844. [CrossRef]

31. Che, H.; Xiao, G.S.; Sun, H.Y.; Wang, Y.; Li, G.R. Functional TRPV2 and TRPV4 channels in human cardiac c-kit(+) progenitor
cells. J. Cell Mol. Med. 2016, 20, 1118–1127. [CrossRef] [PubMed]

32. Nakatani, Y.; Nishida, K.; Sakabe, M.; Kataoka, N.; Sakamoto, T.; Yamaguchi, Y.; Iwamoto, J.; Mizumaki, K.; Fujiki, A.; Inoue,
H. Tranilast prevents atrial remodeling and development of atrial fibrillation in a canine model of atrial tachycardia and left
ventricular dysfunction. J. Am. Coll Cardiol. 2013, 61, 582–588. [CrossRef] [PubMed]

33. Iwata, Y.; Ito, S.; Wakabayashi, S.; Kitakaze, M. TRPV2 channel as a possible drug target for the treatment of heart failure. Lab.
Investig. 2020, 100, 207–217. [CrossRef] [PubMed]

34. Ma, W.; Li, C.; Yin, S.; Liu, J.; Gao, C.; Lin, Z.; Huang, R.; Huang, J.; Li, Z. Novel role of TRPV2 in promoting the cytotoxicity of
H2O2-mediated oxidative stress in human hepatoma cells. Free Radic Biol. Med. 2015, 89, 1003–1013. [CrossRef]

http://doi.org/10.1016/j.cbi.2014.12.017
http://doi.org/10.1006/exer.1998.0502
http://doi.org/10.1248/bpb.b18-00328
http://www.ncbi.nlm.nih.gov/pubmed/30270328
http://doi.org/10.1254/jphs.FP0072294
http://www.ncbi.nlm.nih.gov/pubmed/18431041
http://doi.org/10.1210/endo-125-2-730
http://www.ncbi.nlm.nih.gov/pubmed/2752974
http://doi.org/10.18632/oncotarget.8122
http://doi.org/10.1038/s41598-019-52227-0
http://doi.org/10.1016/j.bbamcr.2009.01.003
http://doi.org/10.1093/carcin/bgq019
http://doi.org/10.1016/j.urology.2010.03.029
http://doi.org/10.3390/ijms21155409
http://doi.org/10.3390/ijms20163844
http://doi.org/10.1111/jcmm.12800
http://www.ncbi.nlm.nih.gov/pubmed/26865051
http://doi.org/10.1016/j.jacc.2012.11.014
http://www.ncbi.nlm.nih.gov/pubmed/23273396
http://doi.org/10.1038/s41374-019-0349-z
http://www.ncbi.nlm.nih.gov/pubmed/31857697
http://doi.org/10.1016/j.freeradbiomed.2015.09.020

	Introduction 
	Materials and Methods 
	Materials 
	Cell Culture 
	[Ca2+]i Measurement 
	RNA Isolation and qRT-PCR 
	Western Blotting 
	Immunohistochemistry 
	TUNEL Assay 
	Immunofluorescence Staining 
	ROS Assay 
	Statistical Analysis 

	Results 
	Changes in TRPV2 Protein Expression 
	Changes of TRPV2-Mediated Ca2+ Influx in an HG Environment 
	Role of TRPV2 in HG-Induced Apoptosis of Lens Epithelial Cells 
	Role of ROS in TRPV2 Expression Regulation 

	Discussion 
	Conclusions 
	References

