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Thromboxane A2 receptor antagonist SQ29548 attenuates
SH-SYSY neuroblastoma cell impairments
induced by oxidative stress

GAOYU CAI', AITUAN YAN?", NINGZHEN FU> and YI FU'

1Department of Neurology, Rui Jin Hospital, Shanghai Jiao Tong University, Shanghai 200025;

2Depau“[rnent of Neurology, Xin Hua Hospital, Shanghai Jiao Tong University, Shanghai 200082;

3Department of Pancreatic Surgery, Rui Jin College of Clinical Medicine, Rui Jin Hospital,
Shanghai Jiao Tong University, Shanghai 200025, P.R. China

Received September 28, 2017; Accepted March 21, 2018

DOI: 10.3892/ijmm.2018.3589

Abstract. Thromboxane A2 receptor (TXA2R) serves a vital
role in numerous neurological disorders. Our previous study
indicated that SQ29548, an antagonist of TXA2R, attenuated
the induced neuron damage in cerebral infarction animals;
however, the underlying mechanism remains unknown.
Certain studies revealed a new role of TXA2R in the regula-
tion of oxidative stress, which is one of the basic pathological
processes in neurological disorders. Thus, the present study
attempted to examine whether the inhibition of TXA2R with
S5Q29548 helped to protect the nerve cells against oxidative
stress. SQ29548 was utilized as a TXA2R antagonist, and
relevant assays were performed to detect the cell viability,
cellular reactive oxygen species (ROS) level, cell apoptosis,
expression levels of superoxide dismutase-2 (SOD2), catalase
and caspases, and activation of mitogen-activated protein
kinase (MAPK) pathways. It was observed that hydrogen
peroxide (H,0,) dose-dependently reduced the viability of
SH-SYS5Y cells. In addition, H,O, raised the level of ROS in
cells, inhibited the expression levels of SOD2 and catalase,
and potentially enhanced cell apoptosis and the expression
of caspases via activating the MAPK pathways. Pretreatment
with SQ29548 not only rescued the viability of SH-SYS5Y
cells, but also ameliorated the intracellular ROS level and
the expression levels of SOD2 and catalase. Furthermore, it
decreased the cell apoptosis and the expression of caspases,
possibly via the inhibition of MAPK pathways. In conclusion,
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SQ29548, an antagonist of TXA2R, improved the antioxidant
capacities of SH-SYSY cells and reduced the cell apoptosis
through the inhibition of MAPK pathways.

Introduction

Thromboxane A2 receptor (TXA2R), a member of the G
protein-coupled receptor family (1), is broadly distributed
in platelets (2), as well as epithelial (3), smooth muscle (4),
glial and nerve cells in the brain (5). TXA2R is regarded as a
traditional coagulation and inflammation-associated receptor,
which is also closely associated with neurological disorders. A
previous study of our research group indicated that mutation
on TXAZ2R influenced the morbidity of cerebral infarctions
in humans, which may be associated with the changes of
coagulation functions (6). Also, it was observed that SQ29548,
an antagonist of TXA2R, was able to attenuate the cerebral
ischemia-reperfusion damage in mice and improve their
behavioral scores (7), thus revealing the potential therapeutic
effect of TXA2R antagonists. However, the underlying mecha-
nisms involved remain unclear. A number of studies revealed
a new role for TXA2R in regulating the cellular oxidative
stress and the consequent apoptotic process (8-10). TXA2R
antagonists are reported to ameliorate organic oxidative stress
and protect the function of organs (9), which provided a new
clue for the treatment of oxidative stress-associated nervous
system diseases.

Oxidative stress is an important contributor in the patho-
genesis and pathological processes of several neurological
disorders (11,12). In general, the cellular reactive oxygen
species (ROS) production and the antioxidative defense were
observed to be in a dynamic balance. For instance, antioxi-
dative enzymes (13), including superoxide dismutase (SOD)
and catalase, efficiently eliminated the ROS produced by
cellular respiration. Cerebral infarction (CI) or other neuro-
logical disorders lead to an excess of ROS production, which
distorts the balance between ROS production and antioxidant
defenses. The excessive ROS production results in cellular
damage and apoptosis via attacking the lipid, protein and
DNA of cells, and activating signaling pathways, such as the
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mitogen-activated protein kinase (MAPK) pathways (14,15).
Numerous studies have proven that the elevation of cellular
antioxidative stress capacity was beneficial for the limitation
of ROS generation, acceleration of ROS elimination, alle-
viation of ROS damage and inhibition of MAPK signaling
pathways to reduce cell death (13,16). Compared with other
organs (17), brain tissue is sensitive to oxidative stress damage
due to its characteristics of high energy consumption and weak
antioxidative stress capacity. Therefore, the identification of a
novel effective neuroprotective agent is essential in the preven-
tion and treatment of oxidative stress-associated neurological
disorders.

In view of the association between TXA2R and oxida-
tive stress, increasing attention has concentrated on the role
of TXA2R and its antagonists in the treatment of oxidative
stress-associated neurological disorders and the underlying
molecular mechanisms. In the present study, an in vitro
oxidative stress model was established in order to investigate
whether the TXAZ2R antagonist SQ29548 regulated the cellular
oxidative stress response in nerve cells and determined the
mechanisms involved.

Materials and methods

Reagents. Hydrogen peroxide (H,0,; cat. no. 323381; used for
cell experiments), dimethyl sulfoxide (DMSO; cat. no. D2650),
poly-D-lysine hydrobromide (cat. no. P6407), nicotinamide
adenine dinucleotide (NADH; cat. no. N4505), sodium pyru-
vate (cat. no. P4562) and Triton X-100 (cat. no. T8787) were
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). SQ29548 (cat. no. 19025) was obtained from
Cayman Chemical Company (Ann Arbor, MI, USA). Bovine
serum albumin (BSA; cat. no. 36102ES) was from Yeasen
Biotechnology Co.,Ltd. (Shanghai, China). Water-soluble tetra-
zolium salt (WST-1; cat. no. C0035), 2',7'-dichlorofluorescin
diacetate (DCFH-DA; cat. no. S0033) and DAPI
(cat. no. C1002) were purchased from Beyotime Institute of
Biotechnology (Shanghai, China). ApoScreen Annexin V
Apoptosis-phycoerythrin (PE) kit (cat. no. 10010-09) was
obtained from Southern Biotech (Birmingham, AL, USA).
Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL; cat. no. TUNO002) staining reagents were purchased
from Mai bio (Shanghai, China). An antibody against TXA2R
was from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA;
cat. no. sc-30036). Antibodies against c-Jun N-terminal
kinases (JNK; cat. no. 9926), extracellular signal-regulated
kinase (ERK; cat. no. 9926), p38 (cat. no. 9926), phosphory-
lated (p)-JNK (cat. no. 9910), p-ERK (cat. no. 9910), p-p38
(cat. no. 9910), cleaved caspase3 (cat. no. 9661), caspase3
(cat. no. 9662), cleaved caspase9 (cat. no. 9501), caspase9
(cat. no. 9502) and pB-tubulin (cat. no. 15115), as well as the
anti-rabbit horseradish peroxidase-conjugated secondary
antibody (cat. no. 7074), were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Antibodies for SOD2
(cat. no. ab13534) and catalase (cat. no. ab16731) were from
Abcam (Cambridge, MA, USA). An antibody for NeuN
(cat. no. MAB377) was from EMD Millipore (Billerica, MA,
USA). The Alexa-594 antibody (cat. no. A21203; Invitrogen),
TRIzol reagent (cat. no. 15596026) and BCA protein detec-
tion kit (cat. no. 23225) were purchased from Thermo Fisher
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Scientific, Inc. (Waltham, MA, USA). Paraformaldehyde (PFA;
cat. no. 80096618), potassium phosphate (cat. no. 10017518),
30% hydrogen peroxide (cat. no. 10011208; used for TUNEL
staining) from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China). The primers used in this study were
synthesised by Sangon Biotech Co., Ltd. (Shanghai, China).

Cell culture and oxidative stress model. SH-SYS5Y cells
were acquired from the Cell Bank of Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences
(Shanghai, China). SH-SYSY cells were incubated in the
Dulbecco's modified Eagle's medium (DMEM; HyClone;
GE Healthcare, Logan, UT, USA) supplemented with 10%
fetal bovine serum (FBS; HyClone; GE Healthcare) and 1%
penicillin-streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37°C in a 5% CO, incubator. When the cell conflu-
ence reached 80%, cells were collected and transferred into
96-well plates at a cell density of 2x10* cells/well for WST-1
assay, while 24-well plates (1x10° cells/well) were used for
DCFH-DA, TUNEL and lactate dehydrogenase (LDH) assays,
and 6-well plates (3x10° cells/well) were used for western blot
analysis, reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and flow cytometry. Subsequently, the
cells were incubated in DMEM without sodium pyruvate with
10% FBS and 1% penicillin-streptomycin for 24 h. All the
plates used were pretreated with poly-D-lysine hydrobromide
solution (0.1 mg/ml) for 24 h and then washed three times with
phosphate-buffered saline (PBS; HyClone; GE Healthcare). A
total of 24 h after the cells transferred to the plates, DMSO
was added to the control group and SQ29548 (dissolved in
DMSO) in different concentrations were added to the treatment
groups. After 2-h treatment, the cells were washed three times
with PBS. Next, the cells were treated with or without H,O,
in different concentrations in the medium for 1 h, followed
by washing three times with PBS. Finally, DMEM (without
sodium pyruvate) with 10% FBS and 1% penicillin-strepto-
mycin was used for subsequent culture and experiments.

WST-1 assay. A WST-1 assay was utilized to detect the cell
viability, according to the protocol provided by the manufacturer.
After transferring the cells to the plates for 24 h, the cells were
treated with SQ29548 (0,0.1,0.5, 1.0 and 10 xM) for 2 h or treated
with H,0,(0,0.05,0.1,0.2,0.5 and 1.0 mM) for 1 h or treated with
H,0, (0, 0.1 mM) for 1 h following pretreatment with SQ29548
(0,0.1,0.5, 1.0 and 10 uM) for 2 h. Subsequent to the incubation
for 24 h, 10 ul WST-1 solution was added to the SH-SYSY cells.
After 1 h of incubation at 37°C, a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) was used to measure the
absorbance of each well at 450 nm.

LDH assay. An LDH assay was conducted as reported previ-
ously (18). The cells were treated with H,0, (0,0.1 mM) for 1 h
after pretreated with SQ29548 (0, 0.1, 1.0 uM) for 2 h. After
24 h of incubation, 150 ul culture medium of post-treated
SH-SYSY cells was collected and added into 96-well plates.
Next, 150 ul reaction buffer containing 500 mM potas-
sium phosphate, 7.5 mM sodium pyruvate and 1.5 mM
NADH was added successively and the absorbance of each
well at 340 nm was measured over 30 sec with the microplate
reader.
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Intracellular ROS level assay. The intracellular ROS level
was detected with DCFH-DA reagents. The cells were treated
with H,0, (0 or 0.1 mM) for 1 h following pretreatment with
SQ29548 (0,0.1, 1.0 uM) for 2 h. Treated SH-SYSY cells were
washed three times with PBS after 1-h incubation. Next, 200 ul
DMEM (without sodium pyruvate, serum and antibiotics) with
10 uM DCFH-DA was added into each well. After 20 min of
incubation at 37°C, DMEM (without sodium pyruvate, serum
and antibiotics) was used to wash the cells for three times.
The plates were then observed with an inverted fluorescence
microscope (Leica Microsystems GmbH, Wetzlar, Germany)
at an excitation wavelength of 488 nm and an emission wave-
length of 525 nm. All the data were subjected to fluorescence
intensity analysis with ImageJ software, version 1.14 (National
Institutes of Health, Bethesda, MA, USA).

Annexin V-PE and 7-aminoactinomycin D (7-AAD)
double-staining assay. Flow cytometry was performed as
reported previously (19). The cells were treated with H,O,
(0,0.1 mM) for 1 h following pretreatment with SQ29548 (0,0.1,
1.0 uM) for 2 h. Treated SH-SY5Y cells were digested after 1-h
incubation, and 10 ul of which was then used for cell counting
with Fuchs-Rosenthal counting chambers. Subsequently, the
cells were centrifuged at 74 x g for 4 min at 4°C. Centrifuged
cells were resuspended with cold 1X Annexin binding
buffer to obtain a density of a 1x10° cells/ml. A total of 10 ul
Annexin V-PE was added to 100 ul cell suspension and the
cell suspension was then incubated in the dark for 15 m at 4°C.
After the incubation, 380 ul cold 1X Annexin binding buffer
and 10 1 7-AAD were added to the cell suspension at 4°C, and
the cell suspension was immediately subjected to apoptosis
assay by flow cytometry (Bio-Rad Laboratories, Inc.).

TUNEL staining. The cells were treated with H,0, (0,0.1 mM)
for 1 h following pretreatment with SQ29548 (0, 0.1, 1.0 uM)
for 2 h. After 1 h of incubation, the treated SH-SYS5Y cells
were fixed with 4% PFA for 10 m at 4°C and sealed with
methanol containing 3% H,0,, and 0.3% Triton X-100 was
then used for membrane rupture. Next, 50 ul In Situ Cell Death
reagent was added to each slide, and then cells were incubated
without light exposure for 60 min. Subsequent to 150 1 DAPI
staining (1:300) for 3 min at room temperature, slides were
sealed and observed with a confocal fluorescence microscope
(Leica Microsystems GmbH).

RT-qPCR. The cells were treated with H,0,(0,0.1 mM) for 1 h
following pretreatment with SQ29548 (0,0.1 uM) for 2 h. After
12 h of incubation, total RNA was extracted from the treated
SH-SYSY cells with TRIzol reagent and was reverse tran-
scribed into cDNA with PrimeScript RT reagent kit (Takara
Bio, Inc., Otsu, Japan), as previously described (20). qPCR was
subsequently implemented on an Applied Biosystems 7500
Real-Time PCR system (Thermo Fisher Scientific, Inc.) using a
SYBR Green kit (Takara Bio, Inc.) under the following condi-
tions: Denaturation at 95°C for 10 sec, followed by 40 cycles at
95°C for 5 sec and at 60°C for 30 sec. The primes used in qPCR
were as follows: SOD2, 5'-GGTGGTCATATCAATCATAG-3'
(forward) and 5'-AGTGGAATAAGGTTTGTTGT-3' (reverse);
catalase, 5S"-TTAATCCATTCGATCTCACC-3' (forward) and
5-GGCGGTGAGTGTCAGGATAG-3' (reverse); GAPDH,
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5"TCTTCTTTTGCGTCGCCAG-3' (forward) and 5'-GGG
GGCAGAGATGATGACC-3' (reverse). GAPDH served
as the loading control. All the data were analyzed with the
comparative threshold cycle (Cq) method (21).

Western blot analysis. The cells were treated with H,O,
(0, 0.1 mM) for 1 h following pretreatment with SQ29548
(0, 0.1 uM) for 2 h. Protein was extracted with standard
lysis buffer (Cell Signaling Technology, Inc.). Following
purification, a BCA protein detection kit was used for protein
concentration measurement. Equal amounts of extracted
protein (30 ug) were separated with 10% SDS-PAGE.
Subsequently the proteins were transferred to nitrocellulose
membranes at 300 mA for 90 min. After 1 h of incubation in
5% BSA for blocking at room temperature, membranes were
incubated at 4°C overnight with primary antibodies diluted
at 1:1,000. Subsequent to washing three times with TBST,
anti-rabbit horseradish peroxidase-conjugated secondary anti-
body diluted at 1:5,000 was added for 1-h incubation at room
temperature. Following further washing with TBST for three
times, the specific bands were visualized with an enhanced
chemiluminescence reagent (Thermo Fisher Scientific, Inc.)
in a gel imaging system (Tanon Science & Technology Co.,
Ltd., Shanghai, China). ImagelJ software was applied for gray
analysis of the data.

Statistical analysis. All the data were analyzed with GraphPad
Prism software, version 5.0 (GraphPad Software, Inc., La Jolla,
CA, USA). Comparison between two groups was performed
with an unpaired t-test, while comparison among several
groups was performed with one-way analysis of variance,
followed by a Student-Newman-Keuls test. All the data are
expressed as the mean + standard error of the mean. P<0.05
was regarded as an indicator of a statistically significant
difference.

Results

S029548 attenuates the decrease in the viability of SH-SY5Y
cells induced by H,0,. Previous studies have reported (5,22)
the expression of TXA2R on the membrane of nerve cells. In
the present study, the expression of TXA2R on the surface
of SH-SYSY cells was confirmed by staining with TXA2R
antibody and DAPI (Fig. 1A). Subsequently, to evaluate the
function of SQ29548 and H,0, on SH-SYSY cell viability,
a WST-1 assay was applied after cells were treated with
different SQ29548 and H,0, concentrations. It was observed
that, compared with the untreated control group, treatment
with DMSO or with 0.1, 0.5, 1.0 and 10 M SQ29548 resulted
in cell viability of 98.86+4.55, 99.15+2.90, 95.97+2.55,
100.20+1.86 and 95.33+4.03%, respectively (Fig. 1B). No
statistically significant difference was observed among these
groups (P>0.05), indicating that SQ29548 did not evidently
affected the SH-SYSY cell viability. However, treatment with
0.05,0.1,0.2,0.5 and 1.0 mM H,0, reduced the SH-SY5Y cell
viability to 83.01+1.52, 31.91+1.85, 28.16+1.44, 25.32+1.44
and 23.30+1.65%, respectively, compared with the untreated
control group (Fig. 1C). Considering other relevant find-
ings (17,23), the concentration of 0.1 mM H,O, was selected
for subsequent experiments.
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Figure 1. TXA2R existed on the surface of SH-SYSY cells and SQ29548 inhibited the decrease of cell viability in SH-SYSY cells induced by H,0,.
(A) TXA2R was distributed on the surface of SH-SYS5Y cells. A WST-1 assay was used to examine the changes in cell viability subsequent to treatment with
(B) SQ29548, (C) H,0, and (D) SQ29548 and H,0, combined. (E) The LDH release of SH-SYSY cells treated with SQ29548 and H,O,. Data are expressed as
the mean + standard error of the mean. n=3. "P<0.05, “"P<0.01 and “"P<0.001. TXA2R, thromboxane A2 receptor; H,0,, hydrogen peroxide; DMSO, dimethyl

sulfoxide; n.s., no significant difference.
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Figure 2. SQ29548 reduced the ROS level in SH-SYSY cells treated with H,O,. (A) DCFH-DA was performed to evaluate the intracellular ROS level.
(B) Comparisons of DCF fluorescence intensity quantization among all the groups. The results are shown as the mean + standard error of the mean (n=3).
“P<0.05 and “P<0.01. ROS, reactive oxygen species; H,0,, hydrogen peroxide; DCFH-DA, 2',7'-dichlorofluorescin diacetate; DMSO, dimethyl sulfoxide; n.s.,

no significant difference.
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Figure 3. SQ29548 ameliorated the decreases in SOD2 and catalase levels induced by H,0, in SH-SYSY cells. (A) Western blot analysis evaluated the protein
expression levels of SOD2 and catalase. Gray value quantification of (B) SOD2 and (C) catalase expression levels. (D) SOD2 and (E) catalase mRNA expres-
sion levels are shown. Results are expressed as the mean + standard error of the mean (n=3). ‘P<0.05, “P<0.01 and ""P<0.001. SOD2, superoxide dismutase-2;
H,0,, hydrogen peroxide; DMSO, dimethyl sulfoxide; n.s., no significant difference.

Anoxidative stress model was then established in SH-SY5Y
cells by H,0, treatment (0.1 mM). H,O,-induced cells that
were also pretreated with 0.1, 0.5, 1.0 and 10 xM SQ29548
for 2 h exhibited improved viability of 44.29+1.40,43.28+1.07,
42.32+2.03 and 40.27+1.29%, respectively. By contrast, the
cell viability of the H,O,-treated only group was 32.27+1.54%,
compared with that of the control group (Fig. 1D). The results
indicated the protective effect of SQ29548 on cell viability.
Furthermore, this protective effect was independent of the
concentration of SQ29548.

The LDH assay demonstrated that, in the H,O,-treated
only group, the LDH release was 3.30+0.06-fold that of
the control group; by contrast, 0.1 and 1.0 xuM SQ29548
significantly decreased the LDH release to 2.57+0.09-fold
and 2.74+0.14-fold that of the control, respectively (Fig. 1E).
Therefore, the protective effect of SQ29548 on cell viability
was further confirmed.

S029548 reduces the intracellular ROS level in SH-SY5Y
cells induced by H,0,. A DCFH-DA assay was performed
to evaluate the effect of SQ29548 on the intracellular
ROS level of SH-SYSY cells (Fig. 2A). H,O, increased the
SH-SYSY intracellular ROS level to 4.95+0.97-fold that of
the control group (Fig. 2B). However, pretreatment with 0.1
and 1.0 uM SQ29548 decreased the intracellular ROS level
to 2.01+0.10-fold and 1.69+0.16-fold, respectively, of the
control group level (Fig. 2B). Thus, SQ29548 reduced the ROS
generation in SH-SYSY cells induced by H,0,.

S029548 ameliorates the decrease in SOD2 and catalase
levels in SH-SY5Y cells induced by H,O,. To determine
whether the change of ROS level was mediated by the regula-
tory effect of SQ29548 on intracellular antioxidant proteins,
the intracellular SOD2 and catalase protein and mRNA levels
were evaluated. Upon treatment with H,O,, the protein levels

of SOD2 (Fig. 3A and B) and catalase (Fig. 3A and C) were
significantly inhibited, while their mRNA levels was also
decreased to 56.05+7.95% (Fig. 3D) and 45.83+9.70% (Fig. 3E)
of the control group levels, respectively. By contrast,
pretreatment with SQ29548 significantly ameliorated the
H,0,-induced decrease in the protein levels of SOD2 and cata-
lase (Fig. 3B and C) while the mRNA levels were rescued to
85.70+5.75% (Fig. 3D) and 80.17+7.02% (Fig. 3E) of the control
group levels, respectively. Therefore, SQ29548 appeared to
ameliorate the H,O,-induced decrease in the expression levels
of SOD2 and catalase in SH-SYSY cells, and to improve the
antioxidative stress capacities of SH-SY5Y cells.

S$029548 reduces the apoptosis of SH-SY5Y cells induced
by H,O,. Oxidative stress may result in cell damage
and consequently induce cell apoptosis. To investigate
the impact of SQ29548 on SH-SY5Y cell apoptosis,
Annexin V-PE/7-AAD double-staining assay (Fig. 4A-C) and
TUNEL staining (Fig. 4D and E) were selected to estimate
the cell apoptosis. The Annexin V-PE/7-AAD double-staining
assay revealed that H,0O, increased the ratio of early-stage
and late-stage apoptosis in SH-SYSY cells to 26.23+2.46 and
15.4+1.89%, as compared with the ratios of 5.82+1.31 and
2.07£1.07% in the control group, respectively (Fig. 4B and C).
However, pretreatment with 0.1 and 1.0 uM SQ29548 signifi-
cantly abated the early-stage apoptosis cell ratio to 18.18+1.56
and 16.33+1.50%, respectively (Fig. 4B), while the late-stage
apoptosis cell ratio was at 8.85+0.57 and 8.58+1.05%, respec-
tively (Fig. 4C). No significant difference was observed
between the 0.1 and 1.0 uM SQ29548 groups (P>0.05).
TUNEL staining was also applied as a detector of cell
apoptosis. Compared with the control group, H,O, markedly
raised the ratio of TUNEL-positive cells to 15.21+2.71% from
0.90+0.1%. Pretreatment with 0.1 and 1.0 xM SQ29548 signifi-
cantly reduced the ratio of TUNEL-positive cells to 9.19+0.82
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Figure 4. SQ29548 reduced the cell apoptosis of SH-SY5Y cells induced by H,0,. (A) Flow cytometry analysis using Annexin V-PE/7-AAD double staining.
Normal cells are observed in Q3 quadrant, early-stage apoptotic cells in Q4, late-stage apoptotic cells in Q2 and cell debris in Q1. Cell ratio of (B) early-stage
and (C) late-stage apoptotic cells among all the groups. (D) TUNEL staining of the apoptotic cells. (E) Percentage of TUNEL-positive cells. Results are
expressed as the mean =+ standard error of the mean (n=3). "P<0.05 and “"P<0.01. H,0,, hydrogen peroxide; DMSO, dimethyl sulfoxide; PE, phycoerythrin;
7-AAD, 7-aminoactinomycin D; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; n.s., no significant difference.
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Figure 5. SQ29548 inhibited the expression levels of cleaved caspase9 and cleaved caspase3 in SH-SY5Y cells induced by H,0,. (A) Western blot analysis
was performed to evaluate the expression levels of cleaved caspase9, caspase9, cleaved caspase3 and caspase3. Gray value quantification of (B) cleaved
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Figure 6. SQ29548 inhibited the activation of ERK and p38 signaling pathways in SH-SY5Y cells induced by H,0,. (A) Western blot analysis results on
the expression levels of p-JNK, JNK, p-ERK, ERK, p-p38 and p38. (B) Gray value quantification of (B) p-JNK/total JNK, (C) p-ERK/total ERK and
(D) p-p38/total p38. No significant difference was observed in the expression levels of total JNK, ERK and p38 among the groups. Results are expressed as
the mean + standard error of the mean (n=3). "P<0.05, “P<0.01 and ““P<0.001. JNK, c-Jun N-terminal kinases; ERK, extracellular signal-regulated kinase;
p-, phosphorylated; H,0,, hydrogen peroxide; DMSO, dimethyl sulfoxide; n.s., no significant difference.

and 8.00+1.00%, respectively (Fig. 4D and E), indicating that
S5Q29548 reduced the cell apoptosis induced by H,0,.

S029548 inhibits cleaved caspase expression in SH-SY5Y
cells induced by H,0,. Caspases are typical apoptosis-associ-
ated proteins, whose cleaved products promote cell apoptosis.
The present study attempted to determine how SQ29548
affected the expression of caspases and their cleaved products
in SH-SYSY cells induced by H,O,. The results demonstrated
that no significant differences existed in the expression levels
of caspase3 and caspase9 among all the groups (P>0.05),
while H,O, markedly elevated the expression levels of
cleaved caspase9 and cleaved caspase3 (Fig. SA). However,
SQ29548-pretreated cells exhibited significantly inhibited
expression levels of cleaved caspase9 (Fig. 5B) and cleaved
caspase3 (Fig. 5C). Thus, SQ29548 possibly inhibited the
expression of cleaved caspases.

S029548 inhibits ERK and p38 signaling pathway activation
in SH-SYS5Y cells induced by H,O,. MAPK pathways partici-
pate in a number of cellular physiological processes and
regulate cell apoptosis induced by oxidative stress. In order
to examine how SQ29548 interfered in MAPK pathways
in SH-SYSY cells induced by H,0,, the activation of JNK,
ERK and p38 signaling pathways was examined (Fig. 6A). It
was observed that H,0, evidently activated JNK (Fig. 6B),
ERK (Fig. 6C) and p38 (Fig. 6D) signaling pathways in
SH-SYSY cells, while SQ29548 pretreatment inhibited the
activation of ERK (Fig. 6C) and p38 (Fig. 6D) signaling path-
ways. Therefore, SQ29548 may protect SH-SYSY cells against
oxidative stress via the inhibition of ERK and p38 signaling
pathway activation.

Discussion

The results of the present study suggested that SQ29548, one
of the TXAZ2R antagonists, was able to improve the antioxida-
tive stress capacities of cells, reduce intracellular ROS levels
and attenuate nerve cell apoptosis via the inhibition of ERK
and p38 signaling pathway activation.

TXA2R, which is mainly distributed in platelets, has
been suggested to be an important membrane receptor in the
coagulation and inflammation processes in humans (6). In
recent years, it has been reported that TXA2R also exists in
nerve cells (5), and participates in the regulation of a series
of physiological processes in peripheral and central nervous
cells (5,24,25). Our previous study observed that the muta-
tion of TXA2R affected the coagulation system function and
further affected the onset of CI (6). Upon the application of
SQ29548, an antagonist of TXA2R, ischemia-reperfusion
damage of nerve cells and neurological function defects
were attenuated in mice, although the underlying mechanism
remains unclear (7). Furthermore, recent studies revealed that
TXAZ2R is also involved in other physiological processes.
For instance, activated TXA2R was found to inhibit growth
factor expression levels in vascular endothelial cells, which
further inhibited angiogenesis and vascular development (26).
TXA2R was also closely associated with the cellular oxidative
stress response. It has been observed that TXA2R participated
in the regulation of cellular oxidative stress (8) and induced
cell apoptosis (10), while TXA2R antagonists helped to reduce
oxidative stress (9). These aforementioned studies indicated
that, in certain neurological disorders, TXA2R may partici-
pate in the regulation of oxidative stress and the subsequent
apoptotic process of nervous cells. Therefore, it is inferred that
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TXA2R antagonists may protect nervous cells through the
regulation of cellular oxidative stress.

SH-SYSY cells were selected in the present study as the
in vitro human nerve cell model, while SQ29548 was used as
a TXA2R antagonist and H,0, was used to simulate oxidative
stress in vitro. SH-SYSY, a neuron cell line, is widely used in
studies investigating neurological disorders (27,28) and oxida-
tive stress in nerve cells (17,28). SQ29548 has been proposed
to be a specific, reliable and safe TXA2R antagonist (29),
and is broadly utilized in studies on TXA2R (7,25,30,31).
H,0,, as one of main ROS products in cellular oxidative
stress (32), is typically used to establish an in vitro oxida-
tive stress cell model (23,33). In the current study, SH-SY5Y
cells were initially cultured in DMEM; however, due to the
well-known role of sodium pyruvate as a H,0O, scavenger and
neuroprotective agent (34), the medium was altered to sodium
pyruvate-negative DMEM following the cell planking, in order
to minimize the confounder effects. The results revealed that
different doses of SQ29548 had no significant effect on the
viability of SH-SYSY cells. However, different concentrations
of H,0, significantly influence the cell viability, with even a
low concentration of H,0, exhibiting a strong cytotoxic func-
tion. In addition, the present study observed that different doses
of SQ29548 effectively protected against the H,O,-induced
inhibition of SH-SYSY cell viability, and this protective effect
was independent of the dose used.

The DCFH-DA experiment conducted in the current study
verified that SQ29548 reduced intracellular ROS levels in
SH-SYSY cells treated with H,0,, which may be associated
with the regulation of intracellular antioxidant protein produc-
tion following TXAZ2R inhibition. Intracellular antioxidant
proteins, including SOD2 and catalase, serve to eliminate
excessive ROS in cells (13). Generally, intracellular superoxide
anion would be dismutated to H,O, by SODs, particularly
SOD?2, in mitochondria; subsequently, catalase catalyzes H,O,
to H,O and O, molecules. However, excessive oxidative stress
response not only exceeds the elimination capacity of the
antioxidant system, but also impairs the antioxidant system
and inhibits the expression of antioxidant proteins (35,36).
The present study demonstrated decreased protein and mRNA
levels of SOD2 and catalase in SH-SYSY cells treated with
H,0,. However, SQ29548 treatment rescued these decreased
levels, protected the antioxidant system and improved the
antioxidative stress capacities of SH-SY5Y cells. SQ29548
also significantly reduced the H,0O,-induced cell apoptosis and
inhibited the expression levels of cleaved caspase9 and cleaved
caspase3. Caspases are apoptosis-associated proteins (37,38),
whose cleaved products promote cell apoptosis (38). In addi-
tion, the MAPK signaling pathways, which possess numerous
roles in cell physiological processes, also participate in the
cell apoptosis process induced by oxidative stress (39,40). For
instance, it has been reported that, as a member of the MAPK
family, the activation of the ERK signaling pathway induced
by H,O, caused SH-SY5Y cell apoptosis, and the inhibition
of this pathway improved the cell survival (41). Furthermore,
the inhibition of p38 pathway, another MAPK pathway, was
reported to be beneficial against cell apoptosis induced by
H,0, (42). The two aforementioned phenomena may be associ-
ated with the ERK (43) and p38 (44) signaling pathways, which
participated in the cell apoptosis process and regulated the
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expression of apoptosis-associated proteins, such as caspases.
Similarly, the present study indicated that SQ92548 regulated
the ERK and p38 signaling pathway activation in SH-SY5Y
cells treated with H,0O,, suggesting that SQ29548 possibly
inhibited SH-SYSY cell apoptosis and the expression of intra-
cellular apoptosis-associated proteins through interfering with
the ERK and p38 signaling pathways.

Oxidative stress is a vital pathological process in CI and
other neurological disorders (45). Excessive cerebral oxidative
stress severely impairs the neurons, thus, it is important to
investigate how to protect nerve cells affected by oxida-
tive stress response. In fact, TXA2R is a known therapeutic
target in various diseases, and SQ29548 has been reported
to protect against ischemia-reperfusion-induced intestinal
impairment (46). There are also certain studies indicating that
SQ92548 was able to treat the microvascular blood-brain barrier
disruption caused by hyperglycemia and TXA?2 (47). However,
investigation of the association between TXA2R and oxidative
stress in nerve cells has not been previously conducted. The
present study further verified the potential of TXAZ2R as anovel
therapeutic target in oxidative stress-associated neurological
disorders, such as CI. Among oxidative stress studies, drugs
such as edaravone (48) and esculetin (49) were demonstrated
to be able to protect cells under oxidative stress. Nevertheless,
the current study found that the TXA2R antagonist SQ29548
functioned similarly to these drugs.

However, certain issues remain to be solved. For instance,
it is unclear whether extending SQ29548 treatment time ampli-
fies the protective effect, whether the long-term inhibition of
TXAZ2R affected the growth and development of neurons, and
whether the nerve cell protection function of SQ29548 existed
in other disease models. In future studies, we will investigate
other in vivo and in vitro models, extend the SQ92548 treat-
ment time and discuss the function of TXA2R antagonists in
other neurological disease models. Such investigations are
essential in clarifying the therapeutic mechanism of CI and
other neurological disorders.

In conclusion, the present study demonstrated that
SQ29548, an antagonist of TXA2R, was able to improve the
antioxidative stress capacities of SH-SYSY cells, and reduce
cell apoptosis via the inhibition of ERK and p38 signaling
pathways. This provided a new basis for the therapy of
oxidative stress-associated neurological disorders.
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