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Abstract. – OBJECTIVE: To investigate the 
regulatory effect of long non-coding ribonucleic 
acid (lncRNA)-metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT1) on the extra-
cellular signal-regulated kinase/mitogen-acti-
vated protein kinase (ERK/MAPK) signaling 
pathway, and to explore its influence on neuro-
nal apoptosis in rats with cerebral infarction. 

MATERIALS AND METHODS: A total of 45 
adult male Sprague-Dawley rats were random-
ly divided into sham group (n=15), model group 
(n=15) and MALAT1 low-expression group (n=15). 
The model of cerebral infarction was successful-
ly established in the model group and MALAT1 
low-expression group via middle cerebral ar-
tery occlusion (MCAO). After 3 d, the nerve inju-
ry in each group was evaluated using Zea-Longa 
score. Meanwhile, the area of cerebral infarc-
tion in each group was detected via 2,3,5-triphe-
nyl tetrazolium chloride (TTC) staining. After the 
cortical tissues were separated, the expression 
level of lncRNA-MALAT1 was detected via quan-
titative Polymerase Chain Reaction (qPCR). The 
apoptotic level of neurons in each group was de-
tected via terminal deoxynucleotidyl transfer-
ase-mediated dUTP nick end labeling (TUNEL) 
staining. The expression levels of inflammatory 
factors were detected using enzyme-linked im-
munosorbent assay (ELISA) kits. Furthermore, 
the expression levels of apoptosis-related pro-
teins and ERK/MAPK signaling pathway-related 
proteins were detected via Western blotting. 

RESULTS: Compared with the sham group, the 
behavioral score and area of cerebral infarction 
in the model group were significantly increased 
(p<0.01). The low expression of MALAT1 could ef-
fectively reduce the behavioral score and area of 
cerebral infarction in the model group (p<0.01). 
The expression level of lncRNA-MALAT1 in cor-
tical tissues of the model group was markedly 
higher than that of the sham group and MALAT1 

low-expression group (p<0.01). Compared with 
the sham group, the content of tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) in corti-
cal tissues was significantly increased (p<0.01). 
However, the content of IL-10 was remarkably 
decreased in the model group (p<0.01). Low ex-
pressed MALAT1 could markedly reduce the 
content of TNF-α and IL-6 and increase the con-
tent of IL-10 in cortical tissues (p<0.01). The lev-
el of apoptosis in cortical tissues was increased 
in the model group when compared with that 
of the sham group (p<0.01). Meanwhile, low ex-
pression of MALAT1 could effectively reduce 
the apoptosis level in cortical tissues in model 
group (p<0.01). In the model group, the expres-
sion levels of B-cell lymphoma-2/Bcl-2 associ-
ated X protein (Bcl-2/Bax), p-ERK and matrix 
metalloproteinase-2 (MMP-2) in cortical tissues 
were significantly declined than the sham group 
(p<0.01). However, the protein expression level 
of cleaved caspase-3 was markedly increased 
(p<0.01). Furthermore, the low expression of 
MALAT1 could remarkably increase the expres-
sions of Bcl-2/Bax, p-ERK and MMP-2 (p<0.01), 
as well as decrease the expression of cleaved 
caspase-3 (p<0.01). 

CONCLUSIONS: LncRNA-MALAT1 may in-
crease the release of inflammatory cytokines 
by inhibiting the ERK/MAPK signaling path-
way, thereby up-regulating the level of neuronal 
apoptosis and aggravating the cerebral injury in 
rats with cerebral infarction.

Key Words: 
Cerebral infarction, LncRNA-MALAT1, Apoptosis, In-

flammation.

Introduction

Cerebrovascular disease is a serious life-threat-
ening disease. According to the investigation of 
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the World Health Organization, the annual fatali-
ty rate of cerebrovascular disease is about 12.6%, 
which is higher than malignant tumors and car-
diovascular diseases1,2. Cerebral infarction, also 
known as ischemic stroke, frequently occurs in 
middle-aged and elderly people. It is a cerebro-
vascular disease characterized by focal neurolog-
ical dysfunction and acute symptoms3. Ischemic 
cerebrovascular disease will lead to significant 
functional and structural changes in the cerebral 
cortex. Meanwhile, it will gradually spread from 
the lesion region to the surrounding region with 
the prolongation of ischemia. Ultimately, this can 
lead to cerebral infarction4. A large amount of re-
search evidence has shown that cerebral infarc-
tion can cause significant changes in the intracel-
lular and extracellular environment, resulting in 
neuronal apoptosis and necrosis5. Yu et al6 have 
found that synapses are important units of neuro-
nal signal transmission. Moreover, ischemia and 
hypoxia lead to functional and structural changes 
in synapses, which are important factors affecting 
brain function. The extracellular signal-regulated 
kinase/mitogen-activated protein kinase (ERK/
MAPK) signaling pathway regulates neural syn-
aptic plasticity and participates in the prolifera-
tion and apoptosis of a variety of cells affecting 
the release of nuclear transcription factors7. Shah 
et al8 have demonstrated that the ERK/MAPK 
signaling pathway is involved in regulating cere-
bral ischemic injury and repair. As an important 
component of the intracellular signal transduction 
pathway, it promotes cell growth and differentia-
tion and reduces apoptosis.

Long non-coding ribonucleic acid (lncRNA) is 
a genomic transcription product of eukaryotes. In 
recent years, a large amount of research evidence 
has indicated that multiple cell functions can be 
regulated by affecting the expression level of ln-
cRNAs. Hao et al9 have indicated that lncRNAs 
are abnormally expressed in various malignant 
tumors. Meanwhile, they can affect cell prolifer-
ation and apoptosis through a variety of signaling 
pathways. Metastasis-associated lung adenocarci-
noma transcript 1 (MALAT1) is highly expressed 
in a variety of malignant tumors, which has also 
been proved to be one of the lncRNAs. Huang et 
al10 have found that lncRNA-MALAT1 is closely 
related to the characteristics of glioma stem cells. 
Moreover, MALAT1 can promote the proliferation 
of glioma cells by activating the Wnt/β-catenin 
signaling pathway. Currently, a few studies have 
focused on the influence of lncRNA-MALAT1 
on cerebral infarction. In this work, the rat model 

of cerebral infarction was first established. Fur-
thermore, we evaluated the regulatory effect of 
lncRNA-MALAT1 on the ERK/MAPK signaling 
pathway and its influence on cerebral infarction.

Materials and Methods

Animals and Grouping
A total of 45 specific pathogen-free (SPF) 

Sprague-Dawley (SD) rats weighing 220-250 g 
were purchased from the Laboratory Animal 
Center of Guangzhou University of Tradition-
al Chinese Medicine [certificate No.: N0361856, 
license No.: SCXK (Guangdong): 2015-0020, 
Guangdong, China]. All SD rats were fed adap-
tively in SPF-grade environment for 1 week be-
fore the experiment under the temperature of 
20-25°C, humidity of 40-48% and normal cir-
cadian rhythm. Meanwhile, rats were given free 
access to food and water. The rats were random-
ly divided into three groups, including the sham 
group (n=15), model group (n=15) and MALAT1 
low-expression group (n=15). The cerebral infarc-
tion model was established in the model group 
and MALAT1 low-expression group via middle 
cerebral artery occlusion (MCAO). Rats in the 
sham group received no treatment. Meanwhile, 
those in the MALAT1 low-expression group were 
intracranially inoculated with lentivirus at 3 d be-
fore the experiment to construct low-expression 
lncRNA-MALAT1. However, rats in the model 
group were injected with empty virus as a control. 
All animal operations and schemes conformed to 
the relevant provisions of the International Labo-
ratory Animal Protection Law. This experimental 
scheme was approved by the Laboratory Animal 
Ethics Committee of our hospital.

Establishment of the Cerebral 
Infarction Model

Cerebral infarction model was established via 
MCAO. Briefly, rats were fasted from food but not 
from water for 12 h before the operation. Then, 
they were anesthetized via intraperitoneal injec-
tion of freshly-prepared 4% chloral hydrate. The 
superficial skin was cut along the median neck, and 
the muscle tissues of the neck were bluntly separat-
ed. Subsequently, the common carotid artery was 
found, and the external carotid artery and internal 
carotid artery were separated. Next, the external 
carotid artery was sutured with suture, while the 
internal carotid artery was clamped with artery 
clamp. A small incision was made at the proximal 
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end and inserted with occlusion line (Shenzhen 
RWD Life Science Co., Ltd., Shenzhen, China) un-
til complete embolization. The occlusion line was 
fixed, and the neck skin was sutured. After that, 
all rats were intramuscularly injected with penicil-
lin to prevent infection, and placed in an insula-
tion blankets until they woke up. Finally, they were 
continued to be fed in cages.

Construction and Intracranial Injection 
of LncRNA-MALAT1 Low-Expression 
Lentivirus 

LncRNA-MALAT1 low-expression lentivirus 
and empty virus were synthesized by Invitrogen 
(Carlsbad, CA, USA). After anesthesia, the rats 
were fixed on a stereotaxic apparatus (AP: -0.6 
mm, ML: ±1.3 mm, DV: ±1.2 mm). The cranial 
skin was cut, and the mucosa was removed with 
hydrogen peroxide to expose the anterior fonta-
nel. After positioning, the skull was drilled us-
ing a cranial drill. Subsequently, it was laid with 
a tube and sealed, and the wound was sutured. 
LncRNA-MALAT1 low-expression lentivirus or 
empty virus was injected using a micro-syringe at 
a rate of 1 μL/min for 5 min. Finally, the rats were 
continued to be fed in cages.

Evaluation of Neurological Function
The neurological function of rats in each group 

was evaluated using Zea-Longa scoring crite-
ria at 3 d after the operation. Specific procedure 
was as follows: normal activity and no symp-
toms (0 point), ischemic contralateral forepaw 
cannot move freely (1 point), fail to move free-
ly, and walk in circles contra-laterally (2 points), 
the body leans contra-laterally when walking (3 
points), inability to walk spontaneously and loss 
of consciousness (4 points) and death (5 points).

Determination of Cerebral Infarction Area
After the rats were executed, the brain was com-

pletely separated, and the surface blood residue 
was washed away with Phosphate-Buffered Saline 
(PBS; Gibco, Grand Island, NY, USA). The brain 
tissue was frozen for 20 min to be completely hard-
ened, and sliced into coronal sections (6 pieces of 
each tissue). Subsequently, they were immediately 
added with 2% 2,3,5-triphenyl tetrazolium chlo-
ride (TTC) solution (Sigma-Aldrich, St. Louis, 
MO, USA) for staining in an incubator in the dark 
at 37°C for 30 min. Then, the sections were gently 
turned over to make the staining uniform and suf-
ficient. After staining, TTC dye was discarded, and 
an appropriate amount of 4% paraformaldehyde 

was added for fixation overnight. After photogra-
phy, the area of cerebral infarction was analyzed. 
Normal brain tissues were red, while the infarction 
region was white. Cerebral infarction area (%) = 
(contralateral brain area - ischemic non-infarction 
area)/contralateral brain area × 100%.

The Content of Inflammatory Factors
The content of inflammatory factors, includ-

ing tumor necrosis factor-α (TNF-α), interleu-
kin-6 (IL-6) and IL-10, in cortical tissues of each 
group was detected in strict accordance with en-
zyme-linked immunosorbent assay (ELISA) kits 
(Wuhan Boster Biological Technology Co., Ltd., 
Wuhan, China). The absorbance of each well at 
the wavelength of 450 nm was measured using a 
microplate reader. Standard curves were plotted 
using CurveExpert 1.5 software. Finally, the con-
tent of TNF-α, IL-6 and IL-10 was determined.

Determination of Apoptosis Level Via 
Terminal Deoxynucleotidyl Transferase-
Mediated dUTP Nick End Labeling
(TUNEL) Staining

The brain tissue of rats was isolated and pre-
pared into paraffin sections. The apoptotic level 
of cortical tissues in each group was detected 
according to the instructions of TUNEL apop-
tosis kit (Wuhan Boster Biological Technology 
Co., Ltd., Wuhan, China). The sections were first 
stained and sealed. Then, they were observed and 
photographed under a confocal fluorescence mi-
croscope (Nikon, Tokyo, Japan) (green fluores-
cence indicated TUNEL-positive cells). Finally, 
the number of TUNEL-positive cells in cortical 
tissues was calculated.

Detection of MALAT1 Expression Level 
Via Quantitative Polymerase Chain 
Reaction (qPCR)

The brain tissue of rats was first isolated. Total 
RNA was extracted in strict accordance with RNA 
extraction kit (Vazyme Biotech Co., Ltd., Nanjing, 
China). The concentration and purity of extracted 
RNA were detected using an ultraviolet spectro-
photometer and agarose gel for subsequent experi-
ments. Subsequently, extracted RNA was reverse-
ly transcribed using the Reverse Transcription kit 
(TaKaRa, Otsu, Shiga, Japan) under the following 
conditions: 42°C for 15 min and 85°C for 5 min. 
The qPCR system was prepared and the reaction 
conditions were as follows: 95°C for 5 min, 95°C 
for 30 s, 62°C for 30 s, and 72°C for 1 min, for a 
total of 30 cycles. Primers used in this study were 



Y.-L. Shi, Q. Wang, J.-C. Wei

8042

synthesized by Sangon Biotech (Shanghai, China), 
with glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) as an internal reference. The sequences 
were shown in Table I. The relative expression lev-
els of genes were calculated by the 2-ΔΔCt method.

Detection of Protein Expression Level Via
Western Blotting

The brain tissue of rats was first isolated and 
added with radio-immunoprecipitation assay 
(RIPA) lysis buffer (Beyotime, Shanghai, China), 
protease inhibitor and phosphatase inhibitor. Then, 
the tissues were homogenized using an ultrason-
ic homogenizer, followed by centrifugation. The 
supernatant was taken as the protein sample. The 
concentration of extracted protein was detected 
using the bicinchoninic acid (BCA) protein assay 
kit (Pierce, Waltham, MA, USA). The loading sys-
tem in an equal concentration was prepared. After 
separation via sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), the protein 
was transferred onto a polyvinylidene difluoride 
(PVDF) membrane (IPVH00010, Millipore, Bill-
erica, MA, USA). After sealing with freshly-pre-
pared 5% skim milk powder for 2 h, target bands 
were cut off. Then, the membranes were incubated 
with monoclonal primary antibodies (Cell Signal-
ing Technology, diluted at 1:1000, Danvers, MA, 
USA) of cleaved caspase-3, Bcl-2, Bax, p-ERK, 
MMP-2 and GAPDH at 4°C overnight. After wash-
ing with Tris-Buffered Saline and Tween (TBST) 3 
times, the membranes were incubated again with 
horse reddish peroxidase (HRP)-labeled second-
ary antibodies (Beyotime, Shanghai, China) at 
room temperature for 1 h. Then, the membranes 
were washed again with TBST 3 times. Immuno-
reactive protein was developed and analyzed using 
the enhanced chemiluminescence (ECL) solution 
(Thermo Fisher Scientific, Waltham, MA, USA) on 
a developing machine.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 software (IBM, Armonk, NY, USA) 
was used for all statistical analysis. Experimen-

tal data in this study were expressed as mean ± 
standard deviation. Analysis of variance was used 
for comparison among groups. Homogeneity test 
of variance was performed. Bonferroni’s method 
was adopted in the case of homogeneity of vari-
ance, while the Games-Howell test was adopted 
in the case of heterogeneity of variance. p<0.05 
was considered statistically significant. 

Results

Neurological Function Score and 
Cerebral Infarction Area

The behavioral changes were evaluated using 
Zea-Longa scoring criteria at 3 d after cerebral 
infarction. As shown in Figure 1, the behavior-
al score in the model group was significantly 
increased when compared with that of the sham 

Figure 1. Zea-Longa score. The behavioral score in the 
model group is significantly higher than that of the sham 
group. Low expression of MALAT1 can markedly reduce 
the behavioral score. ##p<0.01 vs. sham group, **p<0.01 vs. 
model group.

Table I. Primer sequences.

Gene  Sequence of PCR primer 

LncRNA-MALAT1 Sense CTAAGGTCAAGAGAAGTGTCAG
 Antisense AAGACCTCGACACCATCGTTAC
GAPDH Sense AGAAGGCTGGGGCTCATTTG
 Antisense AGGGGCCATCCACAGTCTTC
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group (p<0.01). Meanwhile, low expression of 
MALAT1 could significantly reduce the behav-
ioral score (p<0.01). Cerebral infarction area in 
each group was detected via TTC staining. As 
shown in Figure 2, the cerebral infarction area in 

the model group was markedly larger than that of 
the sham group (p<0.01). Furthermore, low ex-
pression of MALAT1 could remarkably reduce 
the cerebral infarction area (p<0.01).

Expression Level of LncRNA-MALAT1 
in Cortical Tissues

The expression level of lncRNA-MALAT1 in 
cortical tissues of each group was detected via 
qPCR. The results revealed that the expression 
level of lncRNA-MALAT1 in cortical tissues of 
the model group was markedly higher than that of 
the sham group (p<0.01). Moreover, intracranial 
injection of lentivirus could significantly reduce 
the expression level of MALAT1 in cortical tis-
sues (p<0.01) (Figure 3).

Content of Inflammatory Factors 
in Cerebral Cortex

The content of inflammatory factors in the 
cortex of each group was detected using ELISA. 
The results showed that, compared with the sham 
group, the content of TNF-α and IL-6 in corti-
cal tissues was significantly increased (p<0.01). 
However, the content of IL-10 was remarkably 
decreased in the model group (p<0.01). Lowly 
expressed MALAT1 could markedly reduce the 
content of TNF-α and IL-6, whereas increase 
the content of IL-10 in cortical tissues (p<0.01) 
(Figure 4).

Figure 2. Determination of cerebral infarction area. A, TTC staining of brain sections. B, Statistical diagram of cerebral 
infarction area. The cerebral infarction area is significantly larger in the model group than sham group. Meanwhile, it is re-
markably lower in MALAT1 low-expression group than the model group. ##p<0.01 vs. sham group, **p<0.01 vs. model group.

Figure 3. Determination of the expression level of ln-
cRNA-MALAT1 in the cortex. The expression level of ln-
cRNA-MALAT1 in cortical tissues of the model group is 
significantly higher than that of the sham group. However, 
it markedly declines in MALAT1 low-expression group. 
##p<0.01 vs. sham group, **p<0.01 vs. model group.
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Cortical Apoptosis Level in Rats With 
Cerebral Infarction

The apoptosis level in cortical tissues of each 
group was detected using TUNEL staining. 
The results demonstrated that the number of 
TUNEL-positive cells in cortical tissues of the 
model group was larger than that of the sham 
group (p<0.01). Meanwhile, low expression of 
MALAT1 could markedly reduce the number of 
TUNEL-positive cells in cortical tissues (p<0.01) 
and decrease cortical apoptosis level (Figure 5).

Expressions of Apoptosis-Related 
Proteins in Cortical Tissues

The expression levels of apoptosis-related pro-
teins in cortical tissues of each group were detect-
ed via Western blotting. As shown in Figure 6, the 
expression level of cleaved caspase-3 in cortical 
tissues of the model group was remarkably higher 
than that of the sham group (p<0.01). However, 
Bcl-2/Bax was remarkably lower than that of the 
sham group (p<0.01). Furthermore, low expres-
sion of MALAT1 could remarkably decrease the 
expression of cleaved caspase-3 in cortical tissues 
(p<0.01), while increasing the expression of Bcl-
2/Bax (p<0.01).

Expressions of ERK/MAPK Signaling 
Pathway-Related Proteins in Cortical 
Tissues

The expression levels of the ERK/MAPK sig-
naling pathway-related proteins in cortical tissues 

of each group were detected via Western blotting. 
The results manifested that the protein expression 
levels of p-ERK and MMP-2 in cortical tissues of 
model group were significantly lower than those 
of the sham group (p<0.01). In addition, low ex-
pression of MALAT1 could significantly increase 
the protein expression levels of p-ERK and MMP-
2 in cortical tissues (p<0.01) (Figure 7).

Discussion 

Cerebral infarction is a cerebrovascular disease 
caused by acute cerebral ischemia and hypoxia. It 
can result in sudden weakness of the face, hands 
or legs on ischemic side, sudden faint and even 
death in severe cases11,12. In this study, the rat 
model of cerebral infarction was first established. 
Subsequently, we evaluated the regulatory effect 
of lncRNA-MALAT1 on ERK/MAPK signaling 
pathway and its influence on rats with cerebral 
infarction. It was found that: (1) the expression 
level of lncRNA-MALAT1 in cortical tissues of 
rats with cerebral infarction was significantly in-
creased. (2) After lentivirus interference in the 
expression of lncRNA-MALAT1, neurological 
injury could be effectively improved, and the ce-
rebral infarction area was markedly reduced. (3) 
The content of pro-inflammatory factors (TNF-α 
and IL-6) in the cortex of rats with cerebral in-
farction was increased. However, the content of 
anti-inflammatory factor (IL-10) was remarkably 

Figure 4. The content of inflammatory factors in cortical tissues of each group detected using ELISA. A, Content of TNF-α, 
B, Content of IL-6, C, Content of IL-10. Compared with the sham group, the content of TNF-α and IL-6 in cortical tissues of 
the model group is remarkably increased, while the content of IL-10 is significantly decreased. In MALAT1 low-expression 
group, the content of TNF-α and IL-6 is markedly lower than that of the model group. However, the content of IL-10 is signifi-
cantly higher than that of the model group. ##p<0.01 vs. sham group, **p<0.01 vs. model group.
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decreased. Low expression of MALAT1 could ef-
fectively reduce the expression of inflammatory 
factors, while increasing the level of anti-inflam-
matory factors. (4) The number of apoptotic cells 
and the expression levels of apoptosis-related 
proteins in cortical tissues of rats with cerebral 
infarction were both increased. Low expression 
of MALAT1 could effectively reduce apoptosis 
and inhibit the expressions of apoptosis-related 
proteins. (5) LncRNA-MALAT1 significantly in-
hibited the ERK/MAPK signaling pathway, thus 
leading to apoptosis. Furthermore, decreased 

MALAT1 could effectively activate the ERK/
MAPK signaling pathway and promote the ex-
pression of p-ERK and MMP-2, thereby protect-
ing nerve cells.

Cerebral infarction injury is caused by a vari-
ety of mechanisms. A large amount of research 
evidence has shown that the inflammatory re-
sponse after ischemia is one of the important 
factors leading to brain injury13. Cerebral in-
farction can lead to infiltration of leukocytes 
in micro-vessels in brain tissues. Meanwhile, it 
promotes the release of toxic substances, such 

Figure 5. Apoptosis level of cortical tissues of each group detected via TUNEL staining. A, Micrograph, B, TUNEL-positive 
cells in TUNEL staining. The number of TUNEL-positive cells in cortical tissues of the model group is significantly larger 
than that of the sham group and MALAT1 low-expression group. ##p<0.01 vs. sham group, **p<0.01 vs. model group.
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as oxygen free radicals and pro-inflammatory 
factors, thereby activating neuroglias in brain 
tissues. This can further release inflammatory 
factors and result in brain injury14,15. Li et al16 
have found that IL-1 receptor antagonist can ef-
fectively inhibit the inflammatory effect of IL-
1β. Moreover, it significantly reduces neuronal 
cell death caused by ischemic brain injury. Ln-
cRNA-MALAT1 is highly conserved and widely 
distributed in normal tissues of mammals. How-
ever, it is abnormally expressed in tissues in the 
pathological process, which regulates cell pro-
liferation and apoptosis through specific mech-
anisms. As indicated by Liu et al17, bioinformat-
ics software has shown that lncRNA-MALAT1 
is closely correlated with Wnt/β-catenin, Akt/
mTOR and ERK/MAPK signaling pathways. 
Gao et al18 have demonstrated that the activation 

of ERK/MAPK signaling pathway plays an ef-
fectively protective role in brain injury caused 
by subarachnoid hemorrhage. Huang et al19 have 
indicated that the activation of the ERK/MAPK 
signaling pathway in the central nervous system 
can affect the expression of excitatory amino 
acid NMDA, thus playing an important role in 
ischemic brain injury and repair process. Apop-
tosis refers to programmed cell death after cor-
responding signal stimuli. In cerebral infarction, 
most of the tissues in the infarction region di-
rectly necrotize. However, there are a large num-
ber of apoptotic cells around the infarction area. 
Cleaved caspase-3 is a member of the caspase 
family. It is involved in regulating apoptosis 
process in vivo as an apoptotic executioner. Fur-
thermore, it regulates apoptosis jointly with an-
ti-apoptotic proteins Bcl-2 and Bax20.

Figure 6. Levels of apoptosis-related proteins in each group detected via Western blotting. A, Protein band, B, Statistical 
diagram of cleaved caspase-3, C, Statistical diagram of Bcl-2/Bax. The expression level of cleaved caspase-3 in cortical tissues 
of the model group is remarkably higher than that of the sham group and MALAT1 low-expression group. However, Bcl-2/Bax 
is significantly lower than that of the sham group and MALAT1 low-expression group. ##p<0.01 vs. sham group, **p<0.01 vs. 
model group.
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Figure 7. Levels of ERK/MAPK signaling pathway-related proteins in each group detected via Western blotting, A, Protein 
band, B, Statistical diagram of p-ERK, C, Statistical diagram of MMP-2. The expression levels of p-ERK and MMP-2 in cor-
tical tissues of model group are remarkably lower than those of the sham group. Low expression of MALAT1 can markedly 
increase the expression levels of p-ERK and MMP-2 in cortical tissues. ##p<0.01 vs. sham group, **p<0.01 vs. model group.

Conclusions

LncRNA-MALAT1 can affect the release of 
inflammatory factors in rats with cerebral in-
farction by regulating the ERK/MAPK signaling 
pathway. Thereafter, this affects the apoptosis of 
cortical tissues, motor behaviors, as well as patho-
logical changes in brain tissues of rats with cere-
bral infarction. 
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