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Abstract

Chronic hypoxic damage is one of the most common pathogenic factors that can cause neurodegenerative disorder in most
cases. Etidronate (Eti) is one of the best-known earlier-generations of bisphosphonate derivatives for the treatment of bone-
loss related diseases. Building on the preceding study of our laboratory, we found that Eti showed neuroprotective effects
against 2-vessel occlusion induced vascular dementia (VD) in rats. Therefore, in this study, we attempted to elucidate the
mechanism of action, which Eti protected cells from chronic hypoxic damage caused by CoCl, in SH-SYSY cells in vitro.
Our data showed that the pretreatment with 100 uM Eti partially improved hypoxic damage in cell viability and reduced the
hypoxia-inducible factor-1a (HIF-1a) expression, which indicated chronic hypoxic level. Furthermore, the protein expres-
sion of TRPC5 channel and its mediated intracellular calcium ion concentration ([Ca2+]i) were decreased. In addition, the
apoptosis-related proteins caspase-9, and caspase-3 as well as calcium/calmodulin-dependent protein kinase II (CaMK-II)
were down-regulated after treatment with Eti. In conclusion, Eti shows neuroprotective effects on SH-SY5Y cells injured
by CoCl, through resisting apoptosis caused by calcium influx, which may be related to the inhibition of HIF-1a protein and
the decreased TRPCS5 channel protein.
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Abbreviations Introduction

Eti Etidronate

VD Vascular dementia Hypoxia is one of the most common pathogenic factors for

HIF-1a Hypoxia-inducible factor-1o vascular dementia, which is threatening the human health

CaMK-1I Calcium/calmodulin-dependent protein [1]. And neurons are strongly depended on aerobic metabo-
kinase II lism to supply energy, and particularly sensitive to oxygen.

BPs Bisphosphonates Therefore, people worked in special environments such as

TRP Transient receptor potential highlands, high altitude and deep sea, are easy to be hurt by

SH-SYSY cells Human neuroblastoma cells hypoxia. Hypoxia will cause apoptosis, structure change and

Co(Cl, Cobalt chloride; functional decline once the nerve cells are suffering from

low oxygen [2—4]. These changes are closely related to vas-
cular dementia, epilepsy, Alzheimer’s, Parkinson’s and other
i Lt i look for th
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article (https://doi.org/10.1007/s11064-018-2696-3) contains prevent hypoxic damage for the prevention and treatment of
supplementary material, which is available to authorized users. clinical disorders and the health of human beings.

Bisphosphonates (BPs) are a group of clinical drugs to
treat metabolic bone diseases, which were discovered in
1960s and mainly used in the treatment of osteoporosis,
' College of Medicine, State Key Laboratory of Medicinal deformation osteitis, hypercalcemia and bone pains caused

Chemical Biology, Key Laboratory of Bioactive by malignant tumors [7]. As a BPs derivative, Etidronate
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rodegenerative disorders. The chemical structure of Eti was
showed in Fig. 1. In previous study, Eti can rescue PC12
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Fig.1 Results of SH-SY5Y cell viability were analyzed by MTT.
a Chemical structure of Eti. b SH-SY5Y cells were exposed to
0.2-1 mM CoCl, for 24 h. ¢ SH-SY5Y cells were pretreated with
100 uM Eti for 12 h and then exposed to 0.8 mM CoCl,. All data

cells from excitability toxicity caused by glutamic acid
through regulating the intracellular concentration of Ca?*
[8]. In addition, Eti can affect intracellular Ca** homeostasis
to improve the synaptic transmission and inhibit oxidative
stress and apoptosis to relieve the cognitive impairment in
2VO model rats [9]. These studies suggested that Eti regu-
lated the intracellular Ca®* homeostasis, which improved
nerve injury as a kind of new potential neuroprotective drug.

The transient receptor potential (TRP) gene was iden-
tified in Drosophila, where mutants for the gene induced
visual impairment since the cation Ca** influx pathway was
blocked. Since then, investigators begin to pay close atten-
tion to TRP channels. The homologs gene was discovered in
mammalian and referred to as TRPC1, TRPC2, and TRPC3
at first [10, 11]. Since then, the TRPC channel subfamilies
(TRPC1-7) have gradually been found in mammalian cells
including TRPC1, TRPC2, TRPC3/6/7, and TRPC4/5,
which play a crucial role in intracellular Ca>" homeostasis
and the pathogenesis of several human diseases [12]. The
TRPCs are broadly expressed in almost every tissue and cell
type, especially in the nervous system [10, 11], which are
activated by various mechanisms to effect the various cell
functions.

Building upon the preliminary studies, we suspected that
Eti could regulate the TRPC channel activity and improved
nerve damage acting as a nerve protective drug.

Human neuroblastoma cells (SH-SYSY cells) are very
similar to neurons in structure and function, which take the
place of neurons in our experiment [13-16].
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were expressed as mean+SEM, n=3. **p<0.01 comparison
between CON group and CoCl, group; ##p<0.01 comparison
between CoCl, group and Eti + CoCl, group

Cobalt ions are one of the critical chemical inducers of
hypoxia-like responses [17-19]. CoCl, often make chronic
hypoxia model in vitro at home and abroad because of easy
to use and stable of physical and chemical properties. In
the previous study, it has suggested that CoCl, can induce
hypoxic damage in PC12 cells, myocardial cells, endothelial
cells and other cells in vitro [20, 21]. Similarly, CoCl, can
also induce hypoxic/ischemic conditions, for example, the
generation of reactive oxygen species and transcriptional
changes in some genes, such as hypoxia-inducible factor-1a
(HIF-1a), p53, p21, and PCNA [19, 22, 23]. Above all,
CoCl,-induced apoptosis may be a simple and convenient
in vitro model for investigating the molecular mechanisms
in hypoxia-induced cell death. Therefore, CoCl, was used
to make chronic hypoxia damage model in our experiment.

Based on the above, we aim to clarify whether pre-Eti
has neuroprotective effects on SH-SYS5Y cells injured by
CoCl, and the mechanism is achieved by regulating the
TRPC channel.

Materials and Methods

Chemicals

Dulbecco modified Eagle’s media (DMEM) high glu-
cose was purchased from Hyclone. Fetal bovine serum

(FBS) was purchased from Gibco, Grand Island, NY,
USA. Eti (purity >98%) was acquired from TOKYO
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CHEMICALINDUSTRY CO, LTD. Human neuroblastoma
(SH-SYS5Y) cells were purchased from F.D.C.C. Cobalt
chloride (CoCl,) and 3-(4,5-dimethyl-2-thiazolyl)-2,5-di-
phenyl- 2-H-tetrazolium bromide (MTT) were purchased
from Sigma Chemicals. OAG (30 uM) was purchased from
Sigma (USA).

Cell Viability Assay by MTT

SH-SYS5Y cells were cultured in DMEM high glucose
medium supplemented with 10% FBS at 37 °C in the 95%
humidified atmosphere with 5% CO,. SH-SY5Y cells
were seeded at an approximate density of 2 x 10* cells/
well in 96-well culture plates for 24 h. Then the medium
was replaced with different concentrations of CoCl, (0.2,
0.4, 0.6, 0.8, 1 mM) medium for 24 h. The next viability
tests were carried out. SH-SYS5Y cells were incubated
with 100 uM Eti for 12 h, and then cells were incubated in
0.8 mM CoCl, for 24 h. Subsequently, 10 uL MTT (0.5 mg/
mL) indicator was added and incubated for 4 h at 37 °C.
Finally, MTT was removed and added 150 uL. DMSO into
each well. The absorbance was tested using a microplate
reader at wavelength 578 nm.

Electrophysiological Experiments

For electrophysiological studies, cells were seeded in 35 mm
culture dish at a density of 3—7 x 10* cells/mL and were cul-
tured for 24 h. Then Eti solutions were added into the culture
medium with 100 pM for 12 h. Finally, the culture medium
was removed and 0.8 mM CoCl, was added for a further
24 h.

The cultured SH-SYSY cells were divided into four
groups as follows: (1) CON group, cells were cultured in
10% FBS medium. (2) CoCl, group, SH-SYS5Y cells were
cultured in 10% FBS medium with 0.8 mM CoCl,. (3)
Eti+ CoCl, group, cells were cultured in 10% FBS medium
with 100 uM Eti for 12 h, then replaced it with 0.8 mM
CoCl, medium. (4) Eti + CoCl, + OAG group, 30 uM OAG,
which activated TRPC channel currents, were added into
Eti+ CoCl, group. (5) Eti group (negative control group),
cells were cultured in 10% FBS medium with 100 uM Eti
for 12 h, then replaced it with 10% FBS medium.

SH-SYS5Y cells were recorded using voltage clamp by
the whole-cell configuration at room temperature (22-24°C).
And experiments were carried out using EPC-10 patch-
clamp amplifiers. Patch-pipettes with 7-9 MQ resistance
that filled with internal solution were used. For recording
TRPC channel currents, the internal solution consisted of
(mM): 130 CsCl, 130 L-aspartic acid, 2 MgCl,, 0.3 CaCl,,
10 HEPES, 10 EGTA and 3 ATP-Na at pH 7.3. And the
external solution contained (mM):130 NaCl, 4 KCI, 1
MgCl,, 10 HEPES, 10 glucose and 2 CaCl, at pH 7.3.
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The currents were measured by voltage ramps from — 100
to+ 100 mV (200 ms) for holding potential of —90 mV and
were sampled at a rate of 4 kHz. It filtered at 2 kHz [24].
Recordings were discarded if the series resistance and leak
current changed significantly and/or reached > 30 MQ or
>350 pA, respectively.

Ca?* Imaging

SH-SYS5Y cells were seeded onto glass coverslips. Then the
cells were washed three times with PBS and loaded with
a final concentration of 5 uM Fluo-3/AM (Sigma, USA)
at 37 °C for 30 min in dark. Then the fluorescence was
observed at a laser wavelength of 488 nm, and wavelength
of the emission fluorescence was 525 nm by confocal laser
scanning microscopy (Olympus, Japan).

Immunofluorescence Staining

Cultured cells were grown on coverslips. Then cells were
washed in PBS for three times. Subsequently, the cells were
exposed to 4% paraformaldehyde for 30 min, They were
then washed with PBS, following 10 min permeabilization
in 0.5% Triton X-100 and blocked with 10% NGS for 2 h
at room temperature. Where after, the cells were incubated
with primary antibodies including anti-TRPCS5 (1:1000,
Abcam ab189262) and anti-HIF-1a (1:500 Abcam ab2185)
antibody overnight at 4 °C. After washing with PBS for three
times, they were incubated with the Alexa 488-conjugated
goat anti-mouse IgG (1:1000, CA11008S; Invitrogen) and
Alexa 594-conjugated goat anti-rabbit IgG (1:1000, A21235;
Life Technologies). The fluorescent signals were detected
under a fluorescence microscope (Olympus FV1000, Japan).

Western Blotting

After drug treatment, the SH-SYSY cells were washed three
times with PBS and were harvested lying with 100 pL ice-
cold lysis buffer for 15 min (Cell signaling, Danvers, MA).
Then the lysates were centrifuged at 12,000 rpm for 15 min
at 4 °C. The supernatant contains total-proteins. Mitochon-
drial proteins were extracted using Tissue Mitochondrial
Isolation Kit (Beyotime, C3606). Next, protein concentra-
tions were determined using the BCA Protein Assay Kits
according to the manufacturer’s instructions (Beyotime Bio-
technology, Haimen, China). Finally, the supernatant was
mixed with 4X loading buffer (ratio is 3:1), and then boiled
at 100 °C for 15 min.

Equal amounts of total-proteins were run on a 10-13%
SDS-PAGE gel. After the separation on a polyacrylamide
gel, the proteins were transferred onto polyvinylidene fluo-
ride (PVDF) membranes (Millipore, USA).
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After being blocked in Tris-buffered saline (TBS) includ-
ing 0.1% Tween 20 and 5% fat-free dry milk for 1 h at room
temperature, the PVDF membranes were incubated with pri-
mary antibodies (anti-HIF-1a (Abcam, ab2185) 1:500 dilu-
tion, anti-TRPC5 (Abcam, ab189262) 1:1000 dilution, anti-
TRPC6 (Cell Signaling technology, #16716) 1:1000 dilution,
anti-PARP (Cell Signaling technology, #9542) 1:1000 dilu-
tion, anti-caspase-3 (Cell Signaling technology, #9662)
1:1000 diltution, anti-caspase-9 (Abcam, ab202068) 1:1000
dilution, anti-CaMKII (Abcam, ab52476) 1:1000 dilution,
anti-phospho-CaMKII (Abcam, ab32503) 1:1000 dilution,
anti-cytochrome ¢ (Abcam, ab110325) 1:1000 dilution, anti-
ACTB (B-actin; 1:5000, Sangon, China), TOMM20 (Abcam,
ab186734) 1:1000 dilution) diluted in blocking buffer over-
night at 4 °C. Then the PVDF membranes were washed for
4 % 10 min with Tris-buffered saline/Tween 20 (TBST) and
were incubated with horseradish peroxidase-conjugated
secondary antibodies (anti-rabbit IgG (H+ L), HRP con-
jugate (1:5000, Promega) or anti-mouse IgG (H+L) HRP
conjugate (1:5000, Promega) for 1 h at a room temperature.
After 4 x 10 min TBS washing, the blots were detected with
a chemiluminescence detection kit (Pierce) and exposed to
a X-ray film (Eastman Kodak, Rochester, NY). Finally, the
density of the bands on Western blotting was carried out
using Image J software (NIH, Bethesda, MD, USA).

Data Acquisition and Statistical Analysis

Whole-cell voltage-clamp recordings of SH-SYSY cells
(6—12 cells per group) were carried out at 37 °C. Our study
used double blinding method for group assignment and
outcome assessment. Data were acquired using an EPC10
amplifier (HEKA, Germany) connected to a computer and
stored on a hard disk using pulse 8.52 software (HEKA, Ger-
many), analyzed off-line using the pCLAMP 9.0 and Origin
9.1. All data were presented as mean + SEM. Data were
assessed by one-way analysis of variance (ANOVA) and
Tukey’s multiple comparison post-test using the SPSS (17.0)
software. Throughout, P < 0.05 is regarded as significant.

Results

Eti-Pretreatment Improved the Damaged SH-SY5Y
Cells that Induced by CoCl,

In our experiments, MTT assay was used to examine the
effect of different concentrations of CoCl, on viability
of SH-SYS5Y cells for 24 h. As shown in Fig. 1b, the cell
viability gradually decreased from 0.2 to 1 mM, and when
the concentration of CoCl, reached 0.8 mM, SH-SYSY cell
viability was 51%. Thus 0.8 mM was used for subsequent
experiments. Then, in order to determine whether pre-Eti

could inhibit CoCl,-induced cell death, the MTT assay was
used to perform on SH-SYSY cells pre-incubated with Eti in
DMEM high glucose medium supplemented with 10% FBS
for 12 h followed by exposure to 0.8 mM CoCl,. Moreover,
Fig. 1c showed that pretreatment with 100 uM Eti could
significantly improve the cell viability to 59%. In order to
show that Eti did not exhibit cytotoxic effects in SH-SYS5Y
cells, the cells were treated with 100 uM Eti for 12 h. And
there was no significant difference in cell viability compared
with CON group.

Eti Pretreatment Attenuated Caspase-9
and Caspase-3 Activities Induced by CoCl,
in SH-SY5Y Cells

Apoptosis is an important physiological process of cell
death and mediates all sorts of biological events [25]. Some
authors have reported that CoCl, could mimic the hypoxic/
ischemic condition and induce apoptosis in various cells.
Therefore, we speculated whether pretreatment-Eti can pro-
tect neurons by altering the apoptotic pathway.

Caspase activation is crucial mediators in the process of
apoptosis. Therefore, the apoptosis-related proteins includ-
ing the caspase family (caspase-9, caspase-3), PARP and
Cyt-c were detected in our experiments (Figs. 2, 3). Com-
pared with CON group, the expression levels of PARP,
Cyt-c, cleaved-caspase-9, and cleaved-caspase-3 obvi-
ously increased in CoCl, group (Figs. 2a, 3a). The statisti-
cal results suggested that there were significant differences
between CON and CoCl, group (Figs. 2b—d, 3b). In addi-
tion, the expression of Cyt-c in mitochondria was exam-
ined by Western blot assay in Fig. 4a. Compared with CON
group mitochondrial Cyt-c protein was decreased in CoCl,
group. But mitochondrial Cyt-c protein was increased in
Eti+ CoCl, group compared with CoCl, group (Fig. 4b).
It suggested that Cyt-c in the mitochondria was released
into the cytoplasm, activating the apoptotic pathway. The
Western blot results showed that the expressions of apop-
totic proteins were significantly decreased in Eti+ CoCl,
group (Figs. 2a, 3a). And the statistical results are proved
consistent (Figs. 2b—d, 3b). These results indicated that pre-
Eti treatments could protect cells from apoptosis caused by
CoCl,. Moreover, the ratio of LC3-II/LC3-I and the expres-
sion of Atg7 protein were obviously increased in CoCl,
group (Figs. s1 and s2). It suggested that CoCl, may induce
autophagy in SH-SYSY cells.

As reported in the literature, the expression of hypoxia
inducible factor 1 (HIF-1) was increased by CoCl,-induced
hypoxia injury, but also the CoCl, activated apoptosis. Con-
sequently, we hypothesized that pre-Eti treatment protected
SH-SYSY cells from CoCl,-induced apoptosis because of
the inhibition of HIF-1a. Therefore, we conducted the fol-
lowing up experiment described below.
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Con CoCl, Eti+CoCl,  Eti

Cyt-c

cleaved-Caspase-9

B-actin

Caspase-3
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Fig.2 Effects of Eti on apoptosis. a Expressions of cytochrome c
(Cyt-c), caspase-9 (Cas-9), cleaved-caspase-9 (cleaved-Cas-9), cas-
pase-3 (Cas-3) and cleaved-caspase-3 (cleaved-Cas-3) proteins tested
by Western blot assay. b—d the ratio of Cyt-c, caspase-9, cleaved-
caspase-9, caspase-3 and cleaved-caspase-3 proteins. Results of sta-

Eti-Pretreatment Reduced the Expression of HIF-1a
in SH-SY5Y Cells

The key regulator of the hypoxia response is the HIF-1.
HIF-1 is a complex heterodimer including a variety of sub-
units (HIF-1a and HIF-1p) [26], of which HIF-1a causes
hypoxia. CoCl, has been reported to induce hypoxia
response and apoptosis by the HIF-1a. Several studies
have also indicated that CoCl, can determine the stabil-
ity of HIF-1a regulatory subunits [27-29]. Thus HIF-1a
plays a crucial role in the hypoxia response. In our study,
in order to investigate whether or not HIF-1a is corre-
lated to the development of hypoxia-response induced by
CoCl, within the cultured SH-SY5Y cells, we detected
the expression of HIF-1a protein through Western blot
assay and immunofluorescence (Fig. 5). The results of
Western blot assay (Fig. 5a) suggested that the expression
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tistical analysis by Image J software. All data were presented as the
means + SEM, n=3. *p<0.05 comparison between CON group and
CoCl, group. **p <0.01 comparison between CON and CoCl, group;
#p<0.05 and ##p<0.01 comparison between CoCl, group and
Eti 4+ CoCl, group

of HIF-1a increased in SH-SYS5Y cells after treated with
0.8 mM CoCl, for 24 h. In a contrast, HIF-1a protein
was decreased in Eti+ CoCl, group. And the results of
immunofluorescence are consistent with the results of
Western blot assay. The red fluorescence(HIF-1a) inten-
sity in CoCl, group is the largest. From these results, the
expression of HIF-1a was significantly increased in the
CoCl, group, whereas HIF-1a was significantly decreased
in Eti + CoCl, group. The above results of Figs. 2 and 5 are
also similar to the other discussions in literatures, which
suggested that HIF-1a involved in hypoxia response and
induced apoptosis [30, 31].

The involvement of HIF-1a in hypoxia response sug-
gested that CoCl, could promote cell apoptosis by inducing
HIF-1a expression. And the Eti pretreatment reduced the
expression of HIF-1a in SH-SYSY cells by playing a protec-
tive role in the cells.
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Fig.3 Results of Western blot A . .
assay for expressions of PARP Con C0C12 Etl+COC12 Et1
and cleaved-PARP protein. a
Schematic diagram of immu-
noblotting of PARP protein. b PARP - q “ - 116KDa
The statistical result of PARP i 3
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Fig.4 Schematic diagram of cytochrome c(Cyt-c) expression in mito-
chondria. a The expression of Cyt-c in mitochondria tested by West-
ern blot assay. b Statistical results of each group about Cyt-c in mito-

Eti-Pretreatment Inhibited the Activity
of Ca?*-CaMK-Il Signals

Ca’* plays an important role in SH-SY5Y cells. And the
intracellular Ca®* concentration ([Ca*'],) is associated to
the cell apoptosis, as the intracellular second messenger

chondria. **%p <0.001 comparison between CON and CoCl, group;
###p <0.001 comparison between CoCl, group and Eti+CoCl,

group

[32]. Changes in cytoplasmic [Ca”]i can affect different
calcium-coupled processes, such as secretion, contraction,
photoreception, protein activation, fertilization, prolifera-
tion, and apoptosis [33]. And CaMK-II is a ubiquitous
serine/threonine protein kinase that was activated by Ca**
and calmodulin (CaM) and has been implicated in cell
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Fig.5 The expression of HIF-la protein analyzed by Western blot
assay and immunofluorescence staining. Scale bar 20 ym in c. a, b
Representative cropped Western blots and statistical analysis by
Image J software. ¢ Immunofluorescence staining. All data were

cycle control [34, 35]. Therefore, [Ca”]i was measured in
this work by using the Ca’**-sensitive dye named fluo-3/
AM in SH-SYSY cells when exposed to CoCl, and Eti-
pretreatment. The results of Ca?* fluorescence (Fig. 6a)
showed that a higher fluorescent intensity was observed
in CoCl, group (Fig. 6¢) in comparison to the CON group
(Fig. 6a). While the fluorescent intensity was significantly
reduced in Eti + CoCl, group compared with the CoCl,
group (Fig. 6¢).

As a pivotal second messenger, [Ca2+]i affects a series
of intracellular cascade reactions including Ca®*-CaMK-II
signaling pathways. Therefore, CaMK-II and phosphoryl-
ated CaMK-II (p-CaMK-II) protein expression were tested,
and the results are as shown in Fig. 6b. The outcomes dem-
onstrated that chronic hypoxic mediated by CoCl, could
induce Ca®* flux into cell and activated phosphorylation of
CaMK-II. It also showed that compared with CoCl, group,
the enhanced expression of pho-CaMK-II was blocked by
Eti-pretreatment (Fig. 6d). Together, CoCl,-mediated
Ca?*-CaMK-II signaling was inhibited by Eti-preterat-
ment. Since the up-regulation of Ca?*-CaMK-II signal-
ing pathway can activate the apoptosis, we speculated
that Eti.-pretreatment down-regulated the Ca*"-CaMK-II
signaling pathway by decreasing the [Ca2+]i. After this,
we explored how the Eti-pretreatment reduced the [Ca”]i
in next section.
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expressed as mean +SEM, n=3. *p <0.05 comparison between CON
group and CoCl, group; #p <0.05 comparison between CoCl, group
and Eti + CoCl, group

Eti-Pretreatment Decreased [Ca®*]; by Inhibiting
the Activation of TRPC Channels

An important reason for the increase of [Ca2+]i is the acti-
vation of calcium-related channels in the cytomembrane.
TRPC channels are non-selective Ca?* channels, which
mainly mediate calcium ions flux into cells. And studies
have showed that the expression of TRPC was increased
by up-regulation HIF-1a in cultured neonatal rat cardiac
myocytes [36]. Therefore we detected the relevant TRPC
channel protein and HIF-1a protein. Based on the above
experimental results, we found that CoCl, improved the
expression of HIF-1a, while the pretreatment-Eti reversed
this result (Fig. 5).

At the same time we also found that the expression of
TRPCS channel protein was improved in CoCl, group, but
the expression of TRPC6 channel protein didn’t change
(Fig. 7). Then the expressions of TRPCS and HIF-1a were
also detected by immunofluorescence staining (Fig. 8), and
the results were consistent with that of Western blot assay
(Fig. 7). And these results showed that the expression of
TRPCS increased/decreased with the increased/decreased
HIF-1a in the CoCl,-group and Eti 4+ CoCl, group. There-
fore, we speculated that CoCl, improved the expression of
TRPCS channel protein by increasing HIF-1a.
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Fig.6 Fluorescent intensity of intracellular Ca®* in SH-SY5Y cells.
a Fluorescent intensity of intracellular Ca®** in each group includ-
ing 0.8 mM CoCl, alone, 100 mM Eti+0.8 mM CoCl,, 100 mM
Eti alone and CON group. And Scale bar 20 um in a. b Results of
CaMK-II and p-CaMK-II protein expression measured by Western
blot assay and ¢, d statistical analysis of relative intracellular Ca**

Based on previous experimental results, we found
that treatment of CoCl, could increase the expression of
TRPCS channel proteins. Thus, to further evaluate the
effects of CoCl, and Eti + CoCl, on TRPC channels, con-
ventional whole-cell recording was used to measure the
TRPC current density (Fig. 9). Recordings were performed
at a holding potential of —90 mV, TRPC currents were
activated using a voltage-clamp, ramp protocol (1 mV/
ms, from — 100 to 100 mV, over 200 ms) every 5 s. The
I-V curves in Fig. 9a showed that both the inward and
the outward currents were substantially increased in dif-
ferent groups. In these results, we observed a significant
increase in current density in CoCl, group compared with
that of CON group, while no significant change was found

level and the ratio of p-CaMK-II and CaMK-II by Image J software
and SPSS. Data were presented as the means + SEM, n=3. *p<0.05
comparison between CON group and CoCl, group; ***p<0.001
comparison between CON group and CoCl, group; #p<0.05 com-
parison between CoCl, group and Eti+CoCl, group; ###p <0.001
comparison between CoCl, group and Eti + CoCl, group

in Eti + CoCl, group. Then we measured the TRPC cur-
rent density in presence of OAG (30 uM), which activated
TRPC channel currents. Compared with CoCl, group,
we observed an obviously increase in Eti + CoCl, + OAG
group (Fig. 9b). These results indicated that Eti not only
decreased the expressions of TRPC5 channel proteins, but
also inhibited the activity of TRPC channel.
Furthermore, TRPC channels play an essential role in
regulating calcium homeostasis of cell signaling. The
results of calcium imaging (Fig. 6a) was consistent with
TRPC channels current. Together with the above results,
we proposed that pretreatment-Eti reduced the expressions
of TRPCS5 channel proteins and possibly changed the activa-
tion of TRPC channels in chronic hypoxic condition, which
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Fig.7 TRPCS5 and TRPC6

protein expressions analyzed by A
Western blot assay. a Western
blots of TRPCS and TRPC6
proteins. b Statistical analysis
of TRPCS5 and TRPC6 protein
expression by Image J software.
All data were expressed as
mean=+SEM, n=3. *p<0.05

CON

TRPCS

Eti+CoCl, Eti

CoCl,

comparison between CON

L e e R a—

2.0+

151 T

TRPC6/actin

group and CoCl, group; TR.PC6
#p <0.05 comparison between
CoCl, group and Eti+ CoCl,
group
B-actin
B
0.5
= 0.4
=
3 0.3
)
S 0.2
14
= 0.1
0.0-

e

in turn affected the flow of Ca* into the cells, thereby affect-
ing apoptosis.

Discussion

Usually, hypoxia can lead cells to apoptosis pathway, and
apoptosis of neurons may result in some neurodegenerative
diseases, such as vascular dementia, Alzheimer’s disease,
Parkinson’s disease, epilepsy, etc. Therefore, it is important
to find ways to avoid neurons suffering from anoxia injury.
Previous findings from this laboratory have showed that
Eti not only rescued PC12 cells from excitability toxicity,
but also improved the synaptic transmission and inhibited
oxidative stress and apoptosis by regulating the concentra-
tion of intracellular Ca** [8, 9]. The objective of our study
was to clarify how the Eti improved chronic hypoxic dam-
age in SH-SYS5Y cells, as a new potential neuronal protec-
tive drug. Building on the purpose, we designed a series of
experiments, and the results achieved elucidated the mecha-
nism of Eti, which regulated apoptosis by TRPC channels.

@ Springer

CoCl, is characterized by a hypoxia-mimetic agent in
this study, a physiological stress method, which can lead
to oxidative stress, causing the damages of proteins, lipids
and DNA [37]. Chronic hypoxic is one of the most common
pathogenic factors causing all kinds of cell death through
apoptosis in vitro, such as in rat hepatoma cell line 7316A,
human fibroblast cell line GM701, murine pro-B cell line
BAF3, human lymphoid cell line SKW6.4, and rat pheo-
chromocytoma cell line PC12 [38, 39]. And neuronal death
may occur via necrosis or apoptosis in the model of cer-
ebral hypoxia—ischemia in vivo [40]. Moreover, some studies
have showed that CoCl, can be used to mimic the hypoxia/
ischemic condition because it increases ROS and enhances
the HIF-1a expression responsible for hypoxia-induced
cell death in a variety of cells [19, 23, 41, 42]. In order to
determine whether CoCl, can cause chronic hypoxia, the
expression of HIF-1a protein was detected by Western blot
analysis as well as immunofluorescence in SH-SYSY cells.
Firstly, the results of cell viability assay by MTT showed
that with the increased CoCl, concentrations, the viability of
SH-SYSY cells decreased gradually (Fig. 1b). Secondly, the
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A HIF-1a TRPCS

Con

CoCl2

Eti+CoCl,

Eti

Fig.8 Immunofluorescence staining of HIF-la and TRPCS5. a
HIF-1a was red fluorescence, and TRPC5 was green fluorescence.
Yellow fluorescence was displayed when HIF-la overlaps with
TRPCS. Red fluorescence and green fluorescence were highly
expressed in the CoCl, group, indicating an increase in HIF-1o and
TRPCS expression. In Eti+CoCl, group, the fluorescence intensi-

results of immunoblotting and immunofluorescence showed
that the expression of HIF-1a protein was upregulated in
CoCl, group (Fig. 5). These confirmed that CoCl, indeed
induced a model of chronic hypoxia in SH-SY5Y cells in
this study. Moreover, pretreatment-Eti could significantly
rescue the decreased cell viability and the expression of
HIF-1a protein (Figs. 1, 5). In order to explore the mecha-
nism of how the Eti pretreatment improved the viability of
SH-SYSY cells, further investigation was carried out.

The expressions of proteins, which was related to apop-
tosis such as Cyt-c protein, caspase-9 and -3 protein and
PARP protein were examined. Previous study reported that
CoCl, can induce mitochondria-apoptosis in mES cells, and
caspase-3 can play a key role in this program [43]. With a
similar approaching methodology of Christophe et al. [44],
our research demonstrated that SH-SY5Y cells exposed to
CoCl, resulted in a classical apoptosis. Earnshaw et al. and
Bal-Price and Brown also reported that caspase-3 was a
crucial protease in both mitochondria and death receptor-
dependent pathways, besides it played a vital role in free
radical- mediated apoptosis [45, 46]. Consequently, Jin-Ha
Lee et al. revealed that CoCl, enhanced caspase-9 and -3
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ties of HIF-1a and TRPCS were significantly decreased. Scale bar
20 um. b Statistical analysis of HIF-1a and TRPCS fluorescence val-
ues. ***p <(0.001 comparison between CON group and CoCl, group;
###p <0.001 comparison between CoCl, group and Eti+CoCl,

group

activities in mES cells. Furthermore, CoCl, increased the
Cyt-c released from the mitochondria accompanied by the
loss of AY,, and upregulated VDAC, which was one of the
channel of Cyt-c release in mES cells [43, 47]. These articles
hinted that apoptosis could be induced by CoCl,-mediated
chronic hypoxia through mitochondria and death recep-
tor- mediated pathway in SH-SY5Y cells. In this study,
the results indicated that CoCl, mediated apoptosis in SH-
SYSY cells through increasing the release of Cyt-c and the
expression of cleaved-caspase-9 and cleaved-caspase-3 and
cleaved-PARP (Figs. 2-4). And pretreatment-Eti could sig-
nificantly reduce the expressions of these proteins. Taken
together, pre pretreatment-Eti could dramatically improve
apoptosis by inhibiting mitochondria-dependent apoptosis
signaling pathways in SH-SYS5Y cells.

Ca** is an important second messenger playing an essen-
tial role in the regulation of many cellular processes, which
elicits dynamic changes and regulates biochemical responses
[48, 49]. And the accumulation of intracellular Ca®* can
stimulate cell apoptosis. Our results indicated that Eti could
reduce [Ca’"]; and the expression of phosphorylation-
CaMK-II protein, thereby improve SH-SYSY cell hypoxia
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—CON
——CoCl,
Eti+CoCl,
Eti+CoCl,+OAG

“t0omy . —Eti

Membrane potential(mV)

Current density (pA/pF)

Membrane Potential (mV)

Fig.9 The characteristic of TRPC currents in SH-SYS5Y cells. Exam-
ples of membrane current recorded from SH-SYS5Y cells. CON group
and CoCl, group (n=10, respectively), Eti+CoCl, group (n=8),
Eti+ OAG group (n=7). a Diagram of the current density of TRPC
channels. b Statistical analysis of current density of TRPC channels

injury. Based on above, we could continue to explore how
Ca®* flows into cells.

With expansion on these findings, further work was per-
formed to determine whether the Eti reflected Ca** channel
activation. In a previous report, it was assumed that TRPC3
and six as the cation channels allowed Ca** influx to trigger
cell death [50]. Moreover, Chu et al. reported that HIF-1a

@ Springer

played an important role in mild hypoxia-induced cardio-
myocyte hypertrophy, and it up-regulated TRPC3 and six
expressions, enhanced Ca®*-calcineurin signals by activat-
ing TRPCs channel currents [51]. In this study, we, for the
first time, found that only the expression of TRPCS5 protein
was affected, whereas the expression of TRPC6 protein did
not change in SH-SYSY cells (Fig. 7). Based on this, we
speculated that on the one hand hypoxia was induced by
different ways, on the other hand the cell line was different.
These experimental results indicated a crucial role of TRPC
for regulating intracellular Ca** homeostasis. These results
also proved that the TRPCS played an important role in anti-
apoptosis. It suggests that TRPCS channel may target the
location of Eti-effect in injured SH-SY5Y cells. Even though
TRPC6 channel proteins are not affected, we wouldn’t rule
out the effect on the activity of TRPC6 channel.

Combined with previous studies of our laboratory, pre-
Eti treatment can accurately play a neuroprotective effect
through various pathways. Moreover, this study can clearly
indicate pre-Eti treatment can regulate the TRPC channel
family to protect neurons from chronic hypoxic damage
for the first time. For the further research, we will clar-
ify the role of Eti-regulated HIF-1o—TRPC pathway in
neuroprotection.

Conclusion

For the first time, our research result proved that Eti can
be served as a neuroprotective drug, and protect cells from
chronic hypoxia injury caused by CoCl, as shown in Fig. 10.
On the one hand, results showed that pre-Eti treatment can
reduce TRPCS channel protein expression so that the intra-
cellular calcium ion concentration was reduced to avoid cal-
cium overloading. Subsequently, the pre-Eti treatment inhib-
ited the CaMK-II phosphorylating, caspase-9 and caspase-3
activation. On the other hand, pre-Eti treatment can reduce
the expression of intracellular HIF-1a protein and present
anti-apoptosis properties. Hence, this research suggests that
Eti serves as a new type of neuroprotective drug to protect
cells from damage.
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Fig. 10 Schematic figure
illustrates the mechanism of Eti
protection of SH-SYSY cells
against CoCl,-induced chronic
hypoxic damage. The red arrow
indicates activation, and the
violet line indicates suppres-
sion. CoCl, causes an increase
of intracellular Ca?*([Ca’*]

i) and HIF-1a protein in SH-
SYS5Y cells, and activates the
release of cytochrome c (Cyt-c)
from the mitochondria into the
cytosol, activating apoptotic
pathway. The pretreatment

of Eti changes the activity

and expression of the TRPCS
channels, thereby preventing
intracellular calcium overload,
which decreases the activation
of apoptotic proteins to protect
cells from death. Abbreviations:
Etidronate(Eti), transient recep-
tor potential channel(TRPC),
calmodulin(CaM), calmodulin
kinase II(CaMKII), hypoxia-
inducible factor 1a(HIF-1a),
cytochrome c (Cyt-c), caspase-
9(Cas-9), caspase-3(Cas-3)

Sl OO RN

CoCly/Hypoxia

Acknowledgements This work was supported by the National Natural
Science Foundation of China (Grant Nos. 81771979 and 81571804).

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of

interest.

References

1. Tao Z, GulJ, Wu L, Ning L, Sun Y, Pei Y, Wang Y, Zhang G,

Zhang Z (2017) Neuroprotective and axonal outgrowth-promoting
effects of tetramethylpyrazine nitrone in chronic cerebral hypoper-
fusion rats and primary hippocampal neurons exposed to hypoxia.
Neuropharmacology 118:137

Rankin EB, Nam JM, Giaccia AJ (2016) Hypoxia: signaling the
metastatic cascade. Trends in Cancer 2(6):295-304

Tian SW, Ren Y, Pei JZ, Ren BC, He Y (2017) Pigment epithe-
lium-derived factor protects retinal ganglion cells from hypoxia-
induced apoptosis by preventing mitochondrial dysfunction. Int J
Ophthalmol 10(7):1046

Zhao X, Ma C, LiR, Xue J, Liu L, Liu P (2017) Hypoxia induces
apoptosis through HIF-1a signaling pathway in human uterosacral
ligaments of pelvic organ prolapse. Biomed Res Int. https://doi.
org/10.1155/2017/8316094

Yagishita S, Hirasawa A (2017) Intermittent hypoxia produces
Alzheimer disease? Oncotarget 8(26):41786

Snyder B, Shell B, Cunningham JT, Cunningham RL (2017)
Chronic intermittent hypoxia induces oxidative stress and

10.

11.

12.

13.

14.

inflammation in brain regions associated with early-stage neuro-
degeneration. Physiol Rep 5(9):e13258

Fulfaro F, Casuccio A, Ticozzi C, Ripamonti C (1998) The role
of bisphosphonates in the treatment of painful metastatic bone
disease: a review of phase III trials. Pain 78(3):157-169

Li W, Cheong Y-K, Wang H, Ren G, Yang Z (2015) Neuroprotec-
tive effects of etidronate and 2,3,3-trisphosphonate against gluta-
mate-induced toxicity in PC12 cells. Neurochem Res 41(4):844—
854. https://doi.org/10.1007/s11064-015-1761-4

Li W, Yuan H, Yu Y, Cheong Y-K, Ren G, Yang Z (2017)
Etidronate rescues cognitive deficits through improving synap-
tic transmission and suppressing apoptosis in 2-vessel occlusion
model rats. J Neurochem 140(3):476—484. https://doi.org/10.1111/
jnc.13904

Wes PD, Chevesich J, Jeromin A, Rosenberg C, Stetten G, Mon-
tell C (1995) TRPC1, a human homolog of a Drosophila store-
operated channel. Proc Natl Acad Sci USA 92(21):9652-9656
Zhu X, Chu PB, Peyton M, Birnbaumer L (1995) Molecular clon-
ing of a widely expressed human homologue for the Drosophila
trp gene. Febs Lett 373(3):193-198

Yamamoto S, Wajima T, Hara Y, Nishida M, Mori Y (2007) Tran-
sient receptor potential channels in Alzheimer’s disease. Biochim
Et Biophys Acta 1772(8):958-967

Dai H, Deng Y, Jie Z, Han H, Zhao M, Ying L, Chen Z, Jing T,
Bing G, Zhao L (2015) PINK1/Parkin-mediated mitophagy allevi-
ates chlorpyrifos-induced apoptosis in SH-SYSY cells. Toxicol-
ogy 334:72

Zhang LQ, Sa F, Chong CM, Wang Y, Zhou ZY, Chang RC,
Chan SW, Hoi PM, Yuen Lee SM (2015) Schisantherin a pro-
tects against 6-OHDA-induced dopaminergic neuron damage in
zebrafish and cytotoxicity in SH-SY5Y cells through the ROS/NO
and AKT/GSK3p pathways. J Ethnopharmacol 170:8-15

@ Springer


https://doi.org/10.1155/2017/8316094
https://doi.org/10.1155/2017/8316094
https://doi.org/10.1007/s11064-015-1761-4
https://doi.org/10.1111/jnc.13904
https://doi.org/10.1111/jnc.13904

440

Neurochemical Research (2019) 44:428-440

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Lei Y, Liu K, Hou L, Ding L, Li Y, Liu L (2017) Small chaperons
and autophagy protected neurons from necrotic cell death. Sci Rep
7(1):5650. https://doi.org/10.1038/s41598-017-05995-6

Zeng Z, Wang D, Gaur U, Rifang L, Wang H, Zheng W (2017)
H202 attenuates IGF-1R tyrosine phosphorylation and its sur-
vival signaling properties in neuronal cells via NR2B containing
NMDA receptor. Oncotarget 8(39):65313

Goldberg MA, Dunning S, Bunn H (1988) Regulation of the
erythropoietin gene: evidence that the oxygen sensor is a heme
protein. Science 242(4884):1412-1415

Hirsild M, Koivunen P, Xu L, Seeley T, Kivirikko KI, Myllyharju
J (2005) Effect of desferrioxamine and metals on the hydroxylases
in the oxygen sensing pathway. FASEB J Off Publ Fed Am Soc
Exp Biol 19(10):1308-1310

Semenza GL (2004) Hydroxylation of HIF-1: oxygen sensing
at the molecular level. Physiology 19(4):176-182. https://doi.
org/10.1152/physiol.00001.2004

Xiao L, Lan A, Mo L, Xu W, Jiang N, Hu F, Feng J, Zhang C
(2012) Hydrogen sulfide protects PC12 cells against reactive oxy-
gen species and extracellular signal-regulated kinase 1/2-mediated
downregulation of glutamate transporter-1 expression induced by
chemical hypoxia. Int J Mol Med 30(5):1126-1132

Liao XX, Yang CT, Yang ZL, Jian-Ping LI, Wang LC, Xue H, Guo
RX, Chen PX, Feng JQ (2009) Hydrogen sulfide protects HOC2
cells against chemical hypoxia-induced injury and the underlying
mechanisms. Chin Pharmacol Bull 25(8):1012+1013-1017

Zou W, Yan M, Xu W, Huo H, Sun L, Zheng Z, Liu X (2001)
Cobalt chloride induces PC12 cells apoptosis through reactive
oxygen species and accompanied by AP-1 activation. J Neurosci
Res 64(6):646

Zou W, Zeng J, Zhuo M, Xu W, Sun L, Wang J, Liu X (2002)
Involvement of caspase-3 and p38 mitogen-activated protein
kinase in cobalt chloride-induced apoptosis in PC12 cells. J Neu-
rosci Res 67(6):837-843

Liu Z, Yang J, Zhang X, Xu P, Zhang T, Yang Z (2015) Develop-
mental changes in the expression and function of TRPC6 channels
related the F-actin organization during differentiation in podo-
cytes. Cell Calcium 58(6):541-548. https://doi.org/10.1016/j.
ceca.2015.09.001

Arends MJ, Morris RG, Wyllie AH (1990) Apoptosis. The role of
the endonuclease. Am J Pathol 136(3):593-608

Wang GL, Semenza GL (1995) Purification and characterization
of hypoxia-inducible factor 1. J Biol Chem 270(3):1230

Wang GL, Semenza GL (1993) Desferrioxamine induces eryth-
ropoietin gene expression and hypoxia-inducible factor 1 DNA-
binding activity: implications for models of hypoxia signal trans-
duction. Blood 82(12):3610

Jiang BH, Zheng JZ, Leung SW, Roe R, Semenza GL (1997)
Transactivation and inhibitory domains of hypoxia-inducible fac-
tor lalpha. Modulation of transcriptional activity by oxygen ten-
sion. J Biol Chem 272(31):19253

Pichiule P, Chavez JC, Lamanna JC (2004) Hypoxic regulation
of angiopoietin-2 expression in endothelial cells. J Biol Chem
279(13):12171-12180

Carmeliet P, Dor Y, Herbert JM, Fukumura D, Brusselmans K,
Dewerchin M, Neeman M, Bono F, Abramovitch R, Maxwell P
(1998) Role of HIF-1alpha in hypoxia-mediated apoptosis, cell
proliferation and tumour angiogenesis. Nature 394(6692):485
Moritz W, Meier F, Stroka DM, Giuliani M, Kugelmeier P, Nett
PC, Lehmann R, Candinas D, Gassmann M, Weber M (2002)
Apoptosis in hypoxic human pancreatic islets correlates with HIF-
lalpha expression. FASEB J 16(3):745

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

Foskett JK, White C, Cheung KH, Mak DO (2007) Inositol tris-
phosphate receptor Ca2+ release channels. Physiol Rev 87(2):593
Mcbride HM, Neuspiel M, Wasiak S (2006) Mitochondria: more
than just a powerhouse. Curr Biol Cb 16(14):551-560
Templeton DM, Liu Y (2010) Multiple roles of cadmium in cell
death and survival. Chem Biol Interact 188(2):267-275

DM TM T (1998) Heparin inhibits Ca2+/calmodulin-dependent
kinase II activation and c-fos induction in mesangial cells. Bio-
chem J 330(2):651-657

Chu W, Wan L, Zhao D, Qu X, Cai F, Huo R, Wang N, Zhu
J, Zhang C, Zheng F, Cai R, Dong D, Lu Y, Yang B (2012)
Mild hypoxia-induced cardiomyocyte hypertrophy via up-
regulation of HIF-lalpha-mediated TRPC signalling. J
Cell Mol Med 16(9):2022-2034. https://doi.org/10.111
1/j.1582-4934.2011.01497.x

Bailey DM, Davies B (2004) Acute mountain sickness; prophy-
lactic benefits of antioxidant vitamin supplementation at high
altitude. High Alt Med Biol 2(1):21-29

Shimizu S, Eguchi Y, Kosaka H, Kamiike W, Matsuda H, Tsuji-
moto Y (1995) Prevention of hypoxia-induced cell death by Bcl-2
and Bcl-xL. Nature 374(6525):811

Jacobson MD, Weil M, Raff MC (1997) Programmed cell death
in animal development. Cell 88(3):347-354

Banasiak KJ, Xia Y, Haddad GG (2000) Mechanisms under-
lying hypoxia-induced neuronal apoptosis. Prog Neurobiol
62(3):215-249

Jung JY, Kim WJ (2004) Involvement of mitochondrial- and
Fas-mediated dual mechanism in CoCl2-induced apoptosis of rat
PC12 cells. Neurosci Lett 371(2):85-90

W. M (2002) Apoptosis in hypoxic human pancreatic islets cor-
relates with HIF-1 alpha expression. FASEB J 3 (16)

Lee JH, Choi SH, Back MW, Kim MH, Kim HJ, Kim SH, Oh
SJ, Park HJ, Kim WJ, Jung JY (2013) CoCl2 induces apopto-
sis through the mitochondria- and death receptor-mediated
pathway in the mouse embryonic stem cells. Mol Cell Biochem
379(1-2):133-140

Stenger C, Naves T, Verdier M, Ratinaud MH (2011) The cell
death response to the ROS inducer, cobalt chloride, in neuroblas-
toma cell lines according to p53 status. Int J Oncol 39(3):601-609
Earnshaw WC, Martins LM, Kaufmann SH (2003) Mammalian
caspases: structure, activation, substrates, and functions during
apoptosis. Annu Rev Biochem 68(1):383—-424

Bal-Price A, Brown GC (2000) Nitric-oxide-induced necrosis and
apoptosis in PC12 cells mediated by mitochondria. J Neurochem
75(4):1455-1464

Veenman L, Shandalov Y, Gavish M (2008) VDAC activation by
the 18 kDa translocator protein (TSPO), implications for apopto-
sis. J Bioenerg Biomemb 40(3):199

Berridge MJ (1995) Inositol Trisphosphate and calcium signaling.
Ann N 'Y Acad Sci 766(1):31-43

Carafoli E (2002) Calcium signaling: a tale for all seasons. Proc
Natl Acad Sci USA 99(3):1115-1122

He X, Li S, Liu B, Susperreguy S, Formoso K, Yao J, Kang J, Shi
A, Birnbaumer L, Liao Y (2017) Major contribution of the 3/6/7
class of TRPC channels to myocardial ischemia/reperfusion and
cellular hypoxia/reoxygenation injuries. Proc Natl Acad Sci USA
114(23):E4582

Chu W, Wan L, Zhao D, Qu X, Cai F, Huo R, Wang N, Zhu J,
Zhang C, Zheng F, Cai R, Dong D, Lu Y, Yang B (2012) Mild
hypoxia-induced cardiomyocyte hypertrophy via up-regulation of
HIF-1a-mediated TRPC signalling. J Cell Mol Med 16(9):2022—
2034. https://doi.org/10.1111/j.1582-4934.2011.01497.x


https://doi.org/10.1038/s41598-017-05995-6
https://doi.org/10.1152/physiol.00001.2004
https://doi.org/10.1152/physiol.00001.2004
https://doi.org/10.1016/j.ceca.2015.09.001
https://doi.org/10.1016/j.ceca.2015.09.001
https://doi.org/10.1111/j.1582-4934.2011.01497.x
https://doi.org/10.1111/j.1582-4934.2011.01497.x
https://doi.org/10.1111/j.1582-4934.2011.01497.x

	Pretreatment-Etidronate Alleviates CoCl2 Induced-SH-SY5Y Cell Apoptosis via Decreased HIF-1α and TRPC5 Channel Proteins
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Cell Viability Assay by MTT
	Electrophysiological Experiments
	Ca2+ Imaging
	Immunofluorescence Staining
	Western Blotting
	Data Acquisition and Statistical Analysis

	Results
	Eti-Pretreatment Improved the Damaged SH-SY5Y Cells that Induced by CoCl2
	Eti Pretreatment Attenuated Caspase-9 and Caspase-3 Activities Induced by CoCl2 in SH-SY5Y Cells
	Eti-Pretreatment Reduced the Expression of HIF-1α in SH-SY5Y Cells
	Eti-Pretreatment Inhibited the Activity of Ca2+-CaMK-II Signals
	Eti-Pretreatment Decreased [Ca2+]i by Inhibiting the Activation of TRPC Channels

	Discussion
	Conclusion
	Acknowledgements 
	References


