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Abstract. - OBJECTIVE: The aim of this study
was to explore the relationship between the mi-
togen-activated protein kinase (MAPK)/extracel-
lular regulated protein kinase (ERK) pathway
and neurocyte apoptosis after cerebral infarc-
tion in rats.

MATERIALS AND METHODS: Neural stem
cells were isolated from rats by establishing the
cerebral infarction model and sham model. Iso-
lated cells were cultured in complete culture
medium in vitro. Real-time quantitative Reverse
Transcription-Polymerase Chain Reaction (qRT-
PCR) was used to detect the messenger ribonu-
cleic acid (mMRNA) expression of ERK1 and ERK2
in the MARK pathway. Western blotting was ap-
plied to examine the activation of the MAPK/
ERK pathway and neuron-specific markers. The
expression of neuron-specific enolase (NSE)
was detected via immunofluorescence. Cell ac-
tivity and apoptosis were measured by 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay and flow cytometry, respec-
tively.

RESULTS: The mRNA expressions of ERK1
and ERK2 in neural stem cells increased in a
time-dependent manner after cerebral infarc-
tion in rats. The expressions of ERK1, ERK2,
cyclin D1, Nestin, NSE and glial fibrillary acid-
ic-protein (GFAP) in neural stem cells were sig-
nificantly decreased after being treated with
SCH772984. Cell activity, proliferation and dif-
ferentiation were markedly inhibited. However,
cleaved-caspase 3 protein and apoptosis rate
were remarkably increased.

CONCLUSIONS: The MAPK/ERK pathway se-
riously affects neurocyte apoptosis after ce-
rebral infarction in rats. When the MAPK/ERK
pathway is inhibited, neurocyte apoptosis is re-
markably increased after cerebral infarction in
rats.

Key Words:
MAPK/ERK pathway, Cerebral infarction, Neuro-
cyte, Apoptosis

5374

Introduction

Cerebral infarction is an important cerebro-
vascular disease, which is the second leading
cause of death after ischemic heart disease'. Due
to high morbidity and mortality rates, it seriously
threatens human health?. When blood supply to
the brain is blocked, ischemic cerebral infarction
occurs’. Cerebral infarction caused by cerebral
ischemia can easily lead to irreversible neuronal
damage®. Its main mechanism of action involves
excitatory toxic and side effects, depolarization
in acute infarction, as well as delayed inflamma-
tion and apoptosis®’. Most cerebral infarction is
ischemic, and is mainly correlated with related
influencing factors, including gender, age, hy-
pertension, hyperlipidemia and diabetes history.
It may lead to vascular embolism or thrombosis
of the cerebral aorta, thus resulting in subsequent
tissue death and reduced blood flow in the affect-
ed area®’. At present, the transduction mechanism
of the signal pathway in cerebral infarction re-
mains unclear.

Mitogen-activated protein kinases (MAPKs)
play a crucial role in signal transduction. It is
reported that the MAPK/extracellular regulated
protein kinase (ERK) pathway is affected by
different stressors interacting between cells and
receptor ligands®. Studies have shown that the
MAPK/ERK signal transduction affects the de-
struction of the blood-brain barrier and enhances
the activation of inflammatory factors in neurons
after ischemic stroke®'°. Meanwhile, it also exerts
certain effects on the expression of cerebrovas-
cular receptors in human arteries'. In addition,
it plays an important role in regulating the pro-
liferation and differentiation of neurons. Zhen
et al'? have demonstrated that the MAPK/ERK
signal transduction is crucial to the regulation
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of inflammation and apoptosis during cerebral
infarction. Multiple studies have explored the role
of the MAPK/ERK pathway in cerebrovascu-
lar diseases or cerebral infarction. However, the
relationship between the MAPK/ERK signaling
pathway and neurocyte apoptosis after cerebral
infarction in rats has not been elucidated.

Therefore, the aim of this work was to explore
the role of the MAPK/ERK pathway in neurocyte
apoptosis in rats with cerebral infarction via tar-
geting the pathway.

Materials and Methods
Materials

Main Reagents and Instruments

Chloral hydrate was purchased from Qingdao
Yulong Algae Co., Ltd. (Qingdao, China); ND-
2000 nucleic acid-protein quantitative analyzer
from NanoDrop (Madison, WI, USA); Super-
Script IV reverse transcription (RT) kit from
Thermo Fisher Scientific (Waltham, MA, USA);
Real Time fluorescence-quantitative Polymerase
Chain Reaction (qRT-PCR) instrument from
Xi’an Tianlong Science and Technology Co., Ltd.
(Xi’an, China); SCH772984 from MEC, radio-
immunoprecipitation assay (RIPA) lysis buffer
from MultiSciences (Hangzhou, China); ERK1
and ERK2 antibodies from Cell Signaling Tech-
nology (CST; Danvers, MA, USA); Cyclin DI
antibody from Shanghai Anyan Trade Co., Ltd.
(Shanghai, China); cleaved-caspase 3 primary
antibody from CST (Danvers, MA, USA); Nes-
tin, neuron-specific enolase (NSE), glial fibrillary
acidic protein (GFAP) and B-actin antibodies
from Thermo Fisher Scientific (Waltham, MA,
USA); and enhanced chemiluminescence (ECL)
apparatus from Shanghai Tellgen Life Science
and Technology Co., Ltd. (Shanghai, China).

Methods

Establishment of the Cerebral Infarction
Rat Model

A rat model of cerebral infarction was estab-
lished by sewing. Intraperitoneal injection of 2%
pentobarbital sodium was used for intraopera-
tive anesthesia. Then 2% isoflurane was inhaled
through the anesthesia machine to maintain an-
esthesia. At the middle cervical incision, the left
common carotid artery and the external carotid

artery were separated and ligated. Meanwhile, an
incision was made at the bifurcation of the left
common carotid artery. Then, a single strand of
nylon thread was inserted into the internal carotid
artery about 18 mm deep along the incision. Sub-
sequently, the internal carotid artery was ligated
and sutured with nylon thread. After blocking for
2 h, the thread was pulled out and reperfusion
was conducted. After anesthesia, the rats were
put back into cages and fed freely. This study was
approved by the Animal Ethics Committee of the
Chongqing Medical University Animal Center.

Real Time quantitative Reverse
Transcription-Polymerase Chain
Reaction (gRT-PCR)

Total ribonucleic acid (RNA) was extract-
ed from cells according to the instructions of
TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
The absorbance values at 260 nm and 280 nm
were measured using an ND-2000 nucleic acid
protein quantitative analyzer, respectively. The
concentration of extracted total RNA was de-
termined. RT was carried out according to the
instructions of SuperScript IV RT kit. Finally,
RT products were subjected to qRT-PCR detec-
tion. Primer sequences used in this study were as
follows: ERK1, F: 5’- -GGCTCTATGGATTAC-
CCAATC-3’, R: 5-CCAGTGTTCGTTCCTC-
GGA-3’; ERK2, F. 5-G CAGGACCTTT-
GAAGATTTTGTGAG-3’, R: 5-GACTTTAT-
TCTGCTGGGTGAACTCTCCG-3;  GAPDH:
F: 5-CGCTCTCTGCTCCTCCTGTTC-3’, R:
5-ATCCGTTGACTCCGACCTTCAC-3".

Neurocyte Culture

MAPK/ERK inhibitor treatment: SCH772984
was dissolved in a certain amount of dimethyl
sulfoxide (DMSO), and the concentration was
adjusted to 0.5 uM. Then, cell concentration was
adjusted to 1x10%mL, and the cells were paved on
plates. After incubation with SCH772984 for 1 h,
the cells were washed and cultured with complete
medium for subsequent experiments.

Western Blotting

Cells were first lysed with RIPA, followed by
centrifugation to obtain supernatant for West-
ern blotting. After membrane transfer, the mem-
brane was blocked with 0.5% bovine serum al-
bumin-phosphate-buffered saline (BSA-PBS) for
1 h. Then the membrane was incubated with
primary antibodies of ERK1, ERK2, cyclin DI,
cleaved-caspase 3, Nestin, NSE, GFAP, and B-ac-
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tin at 4°C overnight. After membrane washing,
the horseradish peroxidase-immunoglobulin G
(HRP-IgG) secondary antibody was added for re-
action at room temperature for 1 h. ECL was used
for color development, and the photos were taken.
Finally, E-Gel Imagergel software was used to
analyze the absorbance of color strips.

Cell Activity

3-(4,5)-dimethylthiahiazo (-z-yl)-3,5-dipheny-
tetrazoliumromide (MTT) assay was adopted to
determine cell proliferation activity. Exponen-
tially growing cells were first seeded into 24-well
plates at an initial density of 1x10°/well. Then, the
cells were treated with the corresponding meth-
ods in the MAPK/ERK inhibitor group and the
control group, followed by culture for a specified
time. After that, MTT (0.2 mg/mL) was added in
each well for 2 h of incubation. The medium was
replaced with acidified isopropanol (isopropanol
solution of 0.04N HCl), and the plate was incubat-
ed at room temperature for 1 h. The colorimetric
absorbance of samples was determined via the
Spectramax M5 enzyme reader.

Cell Apoptosis

Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) method was used to de-
tect cell apoptosis. Cultured cells treated with
SCH772984 were washed with phosphate-bufft-
ered saline (PBS), centrifuged and re-suspend-
ed in 200 pL binding buffer. Then, Annexin
V-FITC/PI was added and mixed for 15 min,
followed by the addition of 300 pL binding buf-
fer. Finally, cell apoptosis was detected via flow
cytometry.

Indirect Immunofluorescence Detection

Rat neural stem cells were inoculated onto the
coverslip, washed with PBS and fixed with 4%
paraformaldehyde for 30 min. Then, the rabbit
anti-mouse NSE antibody was added for incu-
bation with the coverslip at 4°C overnight. After
PBS washing, the FITC fluorescent antibody was
added for incubation at room temperature for 1
h. After washing with PBS, the coverslip was
observed and photographed under a fluorescent
microscope.

Statistical Analysis

GraphPad Prism 5.0 (La Jolla, CA, USA) was
used for statistical analysis. The experimental
data were represented by mean =+ standard error
of the mean. p<0.05 represented a significant
difference, and p<0.01 represented an extremely
significant difference.

Results

Expression of ERK in Neural Stem Cells
of Rats With Cerebral Infarction

First, QRT-PCR was carried out to detect the
sequential expression of the MAPK/ERK path-
way in neural stem cells of rats with cerebral
infarction. The mRNA expressions of ERK1 and
ERK2 in neural stem cells of rats with cerebral
infarction at different periods (0 d, 1 d, 3 d, 5
d, 7 d, and 9 d) were detected, respectively. The
results revealed that the mRNA expressions of
ERKI1 and ERK?2 increased significantly with the
prolongation of culture time (Figure 1A, 1B). Pre-
liminary results demonstrated that the MAPK/
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Figure 1. Expressions of ERK1 and ERK2 in MAPK/ERK pathway in neural stem cells at different time periods. 4, Ex-
pressions of ERK1 mRNA at different periods detected via qRT-PCR. B, Expressions of ERK2 mRNA at different periods

detected via qRT-PCR. *p<0.05.
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ERK pathway might be related to the growth of
neural stem cells in rats with cerebral infarction.

Influences of MAPK/ERK Pathway |
nhibitor on Proliferation and Apoptosis
of Neural Stem Cells, as well as the
Expression of Neural Marker Proteins

To explore the influences of the MAPK/ERK
pathway in rats with cerebral infarction, the ef-
fect of SCH772984 was detected. SCH772984 is
a MAPK/ERK pathway inhibitor. Subsequently,
we investigated the effect of SCH772984 on the
proliferation and apoptosis of neural stem cells as
well as the expression of neural marker proteins
(including ERKI1, ERK2, Cyclin DI, cleaved-
caspase 3, Nestin, NSE, and GFAP). The results
manifested that the expressions of ERK1, ERK?2,
cyclin D1, cleaved-caspase 3, Nestin, NSE, and
GFAP in the SCH772984 group were significant-
ly reduced compared with those of the blank and
control groups. Specifically, ERK1, ERK2, cyclin
D1, Nestin, NSE, and GFAP decreased to about
1/4,1/3,1/2,1/2, 1/3, and 1/3 of that in the control
group, respectively. However, the expression of
cleaved-caspase 3 remarkably increased to about
3 times of the control group (p<0.01) (Figure
2A-2G).

Influence of MAPK/ERK Pathway
Inhibitor SCH772984 on the Activity
of Neural Stem Cells in Rats

Additionally, the influence of the MAPK/ERK
pathway inhibitor SCH772984 on the activity
of neural stem cells in rats was further investi-
gated in this study. Neural stem cells were first
treated with the MAPK/ERK pathway inhibi-
tor SCH772984. Subsequently, the proliferation
activity of neural stem cells in rats with cere-
bral infarction was evaluated by MTT assay. As
shown in Figure 3, the proliferation activity of rat
neural stem cells increased with the prolongation
of culture time. However, the SCH772984 group
exhibited significantly lower cell activity than the
blank group. Meanwhile, the SCH772984 group
exhibited significant differences when compared
with the blank group and the control group at 24
h (p<0.05) (Figure 3).

Influence of MAPK/ERK Pathway
Inhibitor SCH772984 on the
Apoptosis of Neural Stem Cells

The influence of the MAPK/ERK pathway on
the apoptosis of rat neural stem cells was further
analyzed. Rat neural stem cells were treated

with SCH72984. Apoptosis was detected by flow
cytometry using the Annexin V-FITC/PI meth-
od. According to the results, compared with the
blank group, the apoptosis rate in the SCH772984
group was markedly increased [(3.2%=+0.3%)
in the blank group, (3.5%+0.4%) in the con-
trol group and (12.5%=1.1%) in the SCH772984
group] (p<0.05)] (Figure 4A, 4B). SCH772984
significantly promoted the apoptosis of neural
stem cells. The inhibition of the MAPK/ERK
pathway remarkably increased the apoptosis of
neural stem cells.

Influence of MAPK/ERK Pathway
Inhibitor SCH772984 on the
Differentiation of Rat Neural
Stem Cells into Neurons

Ultimately, the influence of the MAPK/ERK
pathway on the differentiation of rat neural stem
cells into neurons was studied. The expression of
NSE in neurons after SCH772984 treatment was
analyzed by immunofluorescence, and its differ-
entiation was determined. The results indicated
that, compared with the blank group and the con-
trol group, the number of positive neurons in the
SCH772984 group was significantly decreased
(p<0.01) (Figure 5). SCH772984 markedly inhib-
ited the differentiation of neural stem cells in rats.
However, the MAPK/ERK pathway remarkably
promoted the differentiation of neural stem cells.

Discussion

Cerebral infarction is one of the most import-
ant causes of death in human diseases. It has
caused great harm to the whole world, which has
also become a severe burden to the society. In
recent years, great progress has been made in
medical science worldwide. However, the dis-
ability and mortality rates caused by cerebral
infarction remain high'. Therefore, it is particu-
larly important to study its internal mechanism of
action. In this work, the influences of the MAPK/
ERK pathway on neurocyte apoptosis in rats with
cerebral infarction from the perspective of the
MAPK/ERK signaling pathway were analyzed.

The results revealed that the mRNA expres-
sions of ERK1 and ERKI in neural stem cells
of rats with cerebral infarction increased in a
time-dependent manner. Previous studies have
shown that the ERK expression is positively cor-
related with infarct volume after acute cerebral
infarction'>!e, In neurons affected by ischemic
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Figure 3. Influence of SCH772984 on the activity of
neural stem cells in rats determined via MTT assay. *p<0.05
represented a significant difference.

cerebral infarction, various mechanisms can lead
to excessive activation of ERK'. Furthermore,
the activation of MAPK, including ERK, JNK

and P38, has been found in the ischemic region
immediately after occlusion of the middle cere-
bral artery'.

Besides, our study demonstrated that the
MAPK/ERK pathway inhibitor SCH772984 sig-
nificantly decreased the expression of ERKI,
ERKZ2, cyclin D1, Nestin, NSE, and GFAP, where-
as markedly promoted the expression of cleaved-
caspase 3. SCH772984 is a MAPK/ERK pathway
inhibitor that completely blocks the expression of
some vascular smooth muscle contraction genes".
Cyclin DI, Nestin, GFAP, and cleaved-caspase 3
are related to cell proliferation and apoptosis, re-
spectively?. The activation of the ERK pathway
(a subfamily of the MAPK family) affects the
expression of various genes regulating cell cycle,
including cyclin D1?'. Neonatal rat ventricular
myocytes treated with SCH772984 resulted in a
significant dose-dependent inhibition of cell cycle
reentry and Nestin expression. In cerebral artery
occlusion, the expression of GFAP is increased?>.
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Figure 4. Apoptosis of rat neural stem cells. 4, Flow cytometry graph of apoptosis. B, Apoptosis rate of neural stem cells in
cerebral infarction rats. *p<0.05 vs. blank group and control group.
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Figure 5. NSE in rat neural stem cells detected by immunofluorescence (Magnification: 100x).
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Zhen et al® have found that the inhibitory effect
of SB203580 on p38 MAPK significantly up-reg-
ulates the expression of cleaved-caspase 3 and
inhibits the neuroprotective effect of hypoxic
post-conditioning on cerebral ischemia/reperfu-
sion injury.

To further demonstrate the influence of the
MAPK/ERK pathway on neurocyte apoptosis in
cerebral infarction rats, the effect of SCH772984
on the proliferation activity of neurons in cerebral
infarction rats was detected. The results showed
that SCH772984 evidently weakened the prolifer-
ation activity of neurons. Flow cytometry revealed
that SCH772984 could significantly increase neu-
rocyte apoptosis. Gupta et al** have confirmed
that the MAPK/ERK pathway is involved in
the apoptosis of microvascular endothelial cells.
Tran et al*® have reported that MAPK/ERK is
superior to apoptosis signaling from Fas, tumor
necrosis factor (TNF) and TNF-related apopto-
sis-inducing ligand receptors. Roy et al** have
demonstrated that the inhibition of the MAPK/
ERK pathway leads to the activation of Forkhead
box O transcription factors. Meanwhile, this may
eventually lead to cell cycle arrest and apoptosis
of pancreatic cancer. Satoh et al*® reported that
the MAPK/ERK kinase inhibitor U0126 has neu-
roprotective effects on oxidative stress in mouse
nerve cell lines and rat primary cultured cortical
neurons. In addition, the expression of NSE in
neuron cells was detected by indirect immu-
nofluorescence to determine its differentiation.
The results showed that SCH772984 significantly
inhibited the differentiation of neural stem cells
in rats. This indicated that the MAPK/ERK path-
way was closely related to the differentiation of
neurocytes in cerebral infarction rats. Studies of
Xu et al*” have manifested that the MAPK/ERK
signal transduction mediates vascular endothelial
growth factor-induced bone marrow stem cells to
differentiate into endothelial cells.

Conclusions

We showed that the MAPK/ERK pathway in-
hibits cell proliferation, apoptosis and expression
of neural marker proteins. Moreover, it reduces
the proliferation activity and promotes the apop-
tosis of neurocytes in cerebral infarction rats.
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