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Ischemic stroke is a kind of disease with highmortality and high disability, which brings a huge burden to the public health system
(Hu et al. (2017)), and it poses a serious threat to the quality of life of patients. Cerebral ischemia/reperfusion injury is an
important pathophysiological mechanism. ,is study aims to assess the mechanism of SNHG15 in the occurrence and de-
velopment of cerebral ischemia/reperfusion injury of nerve cells and to investigate its potential value for diagnosis and treatment.
SNHG15 targeted miRNA molecules and target genes were predicted with bioinformatics tools such as StarBase and TargetScan.
,e process of ischemic reperfusion in cerebral apoplexy in normal cultured and oxygen-glucose-deprived and reoxygenated
neurons was simulated with RT-PCR and western blot technique. ,e expressions of SNHG15 and miR-141 were detected with
qPCR, and the expressions of SIRT1 and p65, TNF-α, ROS, iNOS, and IL-6 were detected with western blot. Meanwhile, SNHG15
siRNAs and miR-141 mimics were transfected for SH-SY5Y, with western blot testing. And the expressions of miR-141, SIRT1,
and p65, TNF-α, ROS, iNOS, and IL-6 were tested. According to the prediction with bioinformatics tools of StarBase and
TargetScan, miR-141 is the target of lncSNHG15. In the luciferase reporter plasmid double-luciferase assay, miR-141 and SIRT1
were defined as the target relationship. In the oxygen-glucose-deprived reoxygenation model group, SNHG15 expression in-
creased, miR-141 expression decreased, SIRT1 expression increased, and the expressions of p65, TNF-α, ROS, iNOS, and IL-6
decreased. In the SNHG15-siRNA-transfected oxygen-glucose-deprived reoxygenation cell model group, miR-141 expression
increased, SIRT1 expression decreased, and the expressions of p65, TNF-α, and IL-6 increased compared with the si-NC group. In
the miR-141-mimic-transfected oxygen-glucose-deprived reoxygenation cell model, SNHG15 expression decreased, SIRT1
expression decreased, and the expressions of p65, TNF-α, IL-1β, and IL-6 increased. In conclusion, SNHG15 expression increased
during the process of oxygen-glucose-deprived reoxygenation, and the oxidative stress process was reduced by miR-141/SIRT1.

1. Introduction

Ischemic stroke is a kind of disease with high mortality and
high disability, which brings a huge burden to the public
health system [1]. Cerebral ischemia/reperfusion injury
(CIR) is a kind of neurological injury caused by ischemia and
hypoxia after cerebral ischemia, which may lead to micro-
vascular dysfunction or even aggravation of neurological
injury when blood perfusion is restored in a short period of

time. ,erefore, we need to find safe and effective drugs to
intervene in CIR, which may effectively improve the
prognosis of patients. ,e oxygen-glucose-deprived (OGD)
reoxygenation model can effectively simulate the patho-
physiological process of brain CIR in vitro by simulating the
glucose-free environment with a hypoxia device combined
with a glucose-free medium. It was transferred to a normal
oxygen concentration and glucose medium to continue
culturing after treatment for a period of time as the
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pathophysiological process of CIR. SH-SY5Y cells are hu-
man neuroblastoma, which can be used in neuronal injury in
vitro models because they are similar to neurons in mor-
phology, neurochemistry, and electrophysiological charac-
teristics. ,erefore, OGD reoxygenation treatment on SH-
SY5Y cells can be used as a recognized cell model in the
study of CIR, so as to be widely used [2, 3].

Long noncoding RNAs (lncRNAs) are a set of noncoding
RNAs of more than 200 nucleotides in length, which play an
important role in transcription and translation, thus par-
ticipating in regulating the mechanism of apoptotic oxidative
stress neuroinflammation [4]. Several studies have confirmed
that lncRNAs can play an important role in the patho-
physiological mechanism of CIR [5]. LncRNAs, as compet-
itive endogenous RNAs, can suppress miRNA functions
through specific binding with microRNA (miRNA), thus
regulating the expression of miRNA target genes [6]. After
CIR, lncRNAH19 expression will increase to further promote
the death of neurons by regulating miR-21 expression and
initiating programmed necrosis of microglial cells [7]. Small
nucleolar RNA host gene 14 (SNHG14) may contribute to the
inflammatory response to CIR by regulating miR-136 ex-
pression, so as to aggravate its nerve injury [8]. After CIR,
SNHG12 expression can increase and activate autophagy by
regulating the functions of mesenchymal stem cells, thus
increasing the death of neurons. Downregulation of SNHG12
expression can increase the functions of mesenchymal stem
cells, reducing autophagy and apoptosis in cerebral micro-
vascular endothelial cells, thus protecting the neurons [9].

Recent studies have observed the upregulation of small
nucleolar RNA host gene 15 (SNHG15) expressions in cells
treated with CIR. However, its specific mechanism is not
clear [10]. ,e related studies of tumor series have shown
that SNHG15 can specifically bind to miR-141 and act as
endogenous RNA to regulate the expression of sirtuin 1
(SIRT1), the target gene of miR-141 [11]. And studies have
observed that depressing miR-141 expression may relieve
symptoms associated with ischemic stroke, but the patho-
physiological mechanism remains unclear [12]. SIRT1 can
regulate such pathophysiological processes as oxidative
stress through deacetylated histone and related transcription
factors, playing an important role in the pathophysiological
process of myocardial CIR [13]. It is still unknown whether
this pathway can act in the pathophysiology of ischemic
stroke and whether it can regulate the pathophysiological
process after CIR by regulating the oxidative stress pathway.

By constructing a CIR in vitro cell model, this study tried
to clarify the role of the SNHG15-miR-141-SIRT1 pathway
in CIR, to explore its role and mechanism on oxidative stress
in OGD reoxygenated cells, and to assist the further treat-
ment of CIR.

2. Experimental Methods

2.1. Bioinformatics Analysis. ,e primers for SNHG15 core
connection points between obtained and SIRT1 were
designed with StarBase (https://starbase.sysu.edu.cn/) and
TargetScan (https//targetscan.org).

2.2. Luciferase Reporter Assay. SIRT1 3′ noncoding zones
were synthesized, pCheck2 (Promega) was inserted down-
stream of the luciferase gene after annealing, and the Renilla
site of the luciferase vector was reported. To introduce
mutations, the sequence complementary (site: 5′
CUUUUGAAAUACAAAACCAGUGUUU-3′) to the
binding sites of miR-141 in the 3′UTRwas replaced with site
5′-CUUGAAAUACAAAACCAGUGUUU-3′. ,e con-
struction was confirmed by nucleotide sequencing. Wild-
type or mutant plasmids, pCheck2 plasmids, and equal
amounts of OGD-si-NC or miR-141 mimic plasmids were
cotransfected into cells. A dual-luciferase reporter assay
system was adopted to test the luciferase assay (Promega).

2.3. Cell Line and Cell Culture. SH-SY5Y cells were pur-
chased from the cell bank of the Chinese Academy of Sci-
ences (Shanghai). Cell-complete medium was DMEM
(Sigma) supplemented with 10% fetal bovine serum (Invi-
trogen) and 100U/mL penicillin/streptomycin (Sigma). ,e
normal culture conditions were 10% fetal bovine serum and
penicillin DMEM medium, cultured with 5% CO2 and 95%
air at 37°C.

2.4. Oxygen-Glucose-Deprived Reoxygenation. When the
SH-SY5Y cells reached 80% adherence, the culture medium
was replaced by oxygen-free glucose-free balanced salt so-
lution PBS and cultured with 5% CO2 and 95% air at 37°C for
15 h to simulate the OGD reoxygenation. Reoxygenation: the
anaerobic glucose-free medium was replaced with a cell-
complete medium cultured with 5% CO2 and 95% air at 37°C
for 24 h.

2.5. Cellular Transfection. siRNA of miR-141 mimic and
SNHG15 were purchased from GenePharma Company
(Shanghai, China). Entrust the company to design and
synthesize specific interference siRNA sequence against
lncRNA SNHG15, miR-141 mimic sequence, and control
siRNA sequence.,e specific sequence is as follows: SNHG15
(Sense: 5′-UCA AAC UUG CUCAAUUAAGGU-3′, Anti-
sence: 3′-CUUAAUUGAGCAAGUUUG AAA-5′) miR-141
mimic simulant (sense: 5′-UAA CAC UGU CUG GUA AAG
AUG G-3′, Anti-sence: 5′-CAU CUU CCA GUA CAG UGU
UGG A-3′). SNHG15 small interfering RNA (si-SNHG15
group) was transfected with LipofectamineTM 2000 liposome
(Invitrogen, Karlsbad, CA, USA), and miR-141 mimics (miR-
141 mimic group) were negative without a significant control
group (si-con group); the transfection process was performed
according to the instructions. After transfection for 6 h, the
medium was replaced with the DMEM containing 10% fetal
bovine serum. ,en, the cells were cultured for another 48 h
and placed in a constant temperature medium to collect cells
for subsequent experiments.

2.6. RNA Extraction and qPCRAmplification. Cracking cells
with TRIzol reagents, RNAs were extracted from SH-SY5Y
cells in each group according to the instruction of the RNA
extraction kit (Invitrogen, Shanghai, China). And then,
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synthetic cDNA was operated with the reverse transcription
kit (Invitrogen, Shanghai, China). SYBR Green (Vazyme,
Nanjing, China) was used for qPCR amplification at 95°C for
10 minutes, 95°C for 15 seconds, and 60°C for 1 minute,
cycling for 40 times. qPCR primers of SNHG15 were as
follows: SNHG15: forward: 5ʹ-CAACCA-
TAGCGGTGCAACTGTGC-3ʹ; reverse: 5ʹGTACT-
GAACGTTGACCAAGTCGG-3ʹ; GAPDH primers:
forward: 5′-CAGTGCCAGCCTCGTCTAT-3ʹ; reverse: 5ʹ-
CTTCTGACACCTACCGGGGA-3′. ,e results were nor-
malized according to the reference gene GAPDH of each
parallel sample. In miRNA expression analysis, in RNAs
(100 ng), reverse transcription was conducted with the
TaqMan Advanced MicroRNA Assay kit (Applied Bio-
systems) and miRNA-specific primers. ,e primers (5′-
CACTGTCTGGUAAAGA) of hsa-miR-141 for the detec-
tion with TaqMan MicroRNA were purchased from Applied
Biosystems to calculate miR-141 relative expression. All
experiments were repeated three times.

2.7. Western Blot Analysis. ,e proteins in cells of each
group were extracted and centrifuged at 4 degrees and then
added to the protein lysate for cell lysis with RIPA lysis
buffer-combined protease inhibitor cocktail at a ratio of 99 :
1. After that, the total protein was quantified with the BCA
method.

,e proteins were transferred to the PVDF membrane by
electrophoresis with 12% SDS polyacrylamide gel at 300mA2h
and then sealed at room temperature with 5% skim milk
sealant and TBST for 1 h. ,e primary antibodies were anti-
SIRT1 antibody (diluted 1 : 2000, Abcam, catalog no.
AB32441), anti-P65 antibody (diluted 1 :1500, Abcam, catalog
no. AB16502), anti-TNF-α antibody (diluted 1 : 500, Abcam,
catalog no. AB6671), anti-IL-6 antibody (diluted 1 : 2000, Cell
Signaling Technology, catalog no. 5216), iNOS antibody (di-
luted 1 : 2000, Santa Cruz Biotechnology, catalog no. SC-650),
and GADPH antibody (1 : 5000, Abcam, catalog no. ab9485).
All these antibodies were diluted with closed solution, incu-
bated at room temperature for 1h, and washed with PBS buffer
3 times for 5min. ,e polyclonal goat anti-rabbit antibody 1 :
5000 (Cell Signaling Technology) diluted in the closed solution
was used as the secondary antibody.,en, it was detected with
ECL chemiluminescence reagent imaging (Amersham) and
western blotting detection system (Millipore).

2.8. Statistical Analysis. Statistical data were analyzed by
GraphPad Prism 7. Additional statistical analyses were
performed with SPSS 20.0 (SPSS, Chicago, USA). PCR ex-
pression was statistically analyzed by Mann–WhitneyU. ,e
difference of miRNA and protein expression in vitro was
detected with ANOVA. P value was calculated on both sides,
and P< 0.05 was defined as statistically significant.

3. Results

3.1. SNHG15 Expression Increases in Oxygen-Glucose-De-
prived Reoxygenation. ,e expression of SNHG15 and miR-
141 in OGD reoxygenation was investigated. Figure 1(a)

shows the expressions of SNHG15 in OGD reoxygenation
and normal cells detected by qRT-PCR, and Figure 1(b)
shows the expressions of miR-141 in oxygen-glucose-dep-
rivation reoxygenation and normal cells detected by qRT-
PCR. ,e results suggest that, in cells in oxygen-glucose-
deprivation reoxygenation, SNHG15 is higher than that of
normal cells, and miR-141 is lower than that of normal cells.
It indicates that SNHG15 and miR-141 play an important
role in the pathophysiological mechanism of OGD reox-
ygenation in the nervous system.

3.2. SNHG15 Inhibits the miR-141 Expression of SH-SY5Y
Cells in Oxygen-Glucose-Deprived Reoxygenation.
SNHG15 miRNA was analyzed with StarBase and Tar-
getScan to study the pathophysiological mechanism of
SNHG15 in OGD reoxygenation. miR-141 is one of the
miRNAs with the highest correlation with SNHG15 (FDR,
P< 0.05). SIRT1 is the target gene of miR-141. In previous
studies, miR-141 has been proved to play a role in OGD
reoxygenation. ,erefore, we speculate that SNHG15 may
play a role in regulating miR-141 expression. To further test
our hypothesis, we detected miR-141 expression in OGD-si-
NC, miR-141 mimic, and SNHG15-siRNA groups with the
qRT-PCR method and confirmed that miR-141 expression
in both SNHG15-siRNA and miR-141-mimic groups was
significantly higher than that in the OGD-si-NC group
(Figure 2). ,e results showed that, in OGD reoxygenation,
miR-141 expression increased after inhibiting SNHG15
expression. In conclusion, SNHG15 plays a role in the
pathophysiological process of cells in OGD reoxygenation
by inhibiting miR-141 expression.

3.3. miR-141 Negatively Regulates SNHG15 Expression. To
see if miR-141 can also negatively regulate SNHG15, we
examined SNHG15 expression in the miR-141 mimic group.
Figure 3 shows SNHG15 in OGD-si-NC, miR-141-mimic,
and SNHG15-siRNA groups detected by qRT-PCR. ,e
results showed that SNHG15 expression decreased in both
SNHG15-siRNA and miR-141-mimic groups, suggesting
that, as competitive endogenous RNA, miR-141 also nega-
tively regulates SNHG15 expression.

3.4. SIRT1May Be aDirectmiR-141 Target. To identify miR-
141 presumed mRNA targets, bioinformatics analysis was
performed with two different microRNA target prediction
tools, and several candidate targets were found. Among
them, the SIRT1 mRNA 3′ UTR contained sequences
complementary to miR-141 subsequences (Figure 4(a)). To
verify whether SIRT1 is a direct miR-141 target, in the
SIRT1 3′ noncoding zone, cells were cotransfected with
three different plasmids, including wild-type or mutant
plasmids, pCheck2 plasmids, and equivalent amounts of
negative control or miR-141 mimic plasmids. Promega was
used for luciferase detection. In transfected cells, a sus-
tained decrease in luciferase activity was observed in miR-
141 (Figure 4(b)). To further verify target specificity, we
produced a 3′ UTR mutation (Figure 4(a)), where all the
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binding sites of miR-141 were destroyed by Q5 Site-Di-
rected Mutagenesis Kit (NEB) that reduced 2 key nucle-
otides. NCs or miR-141 mimics were cotransfected with a

mutant form of the 3′ UTR, significantly restoring lucif-
erase activity (Figure 4(b)).

We further validated the effect of miR-141 on SIRT1
protein levels. miR-141 overexpression significantly de-
creased SIRT1 expression in SH-SY5Y cells (Figure 4(c)).
Meanwhile, we verified that SNHG15 siRNA also reduced
SIRT1 expression in SH-SY5Y cells (Figure 4(c)). To sum up,
these data suggest that miR-141 inhibits SIRT1 expression in
SH-SY5Y cells by directly targeting the 3′ UTR of cells,
demonstrating that SNHG15 indirectly regulates SIRT1
expression by regulating miR-141 [3, 12].

3.5.miR-141RegulatesOxidative Stress Pathways byTargeting
SIRT1Pathways. Recent studies have found that SIRT1 plays
an important role in CIR by regulating the oxidative stress
pathway [13]. ,erefore, we sought to determine whether
miR-141 plays a role in CIR by regulating the oxidative stress
pathway through SIRT1. It is known that SIRT1 can inhibit
the expression levels of p65, TNF-α, IL-1β, IL-6, iNOS, and
other markers related to oxidative stress by regulating the
NF-κB pathway, thus playing a role in myocardial ischemia-
reperfusion [14]. ,erefore, to investigate whether SIRT1
affects oxidative stress pathways in CIR, the expression of
oxidative stress markers was detected in the normal cell
group and hypoxia-deficient group with western blotting
expression patterns. As expected, SIRT1 overexpression led
to the decrease of p65, TNF-α, IL-1β, IL-6, and iNOS levels
(Figure 5). ,e expression of these oxidative stress signaling
molecules was detected in SNHG15-siRNA and normal
control hypoxia-deficient cells to further determine whether
miR-141 regulates the oxidative stress signaling pathway by
affecting SIRT1 expression. As shown in Figure 5, in miR-
141-mimic and SNHG15-siRNA groups after miR-141
simulation, the overexpression of miR-141 significantly
reduced the expression level of SIRT1, thereby increasing the
expression level of oxidative stress-related molecules. To
sum up, these data suggest that miR-141 regulates oxidative
stress pathways by targeting SIRT1 expression.

4. Discussion

Recently, the role of lncRNAs in CIR has been confirmed by
the literature as a potential target in the treatment of
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ischemic stroke [14]. SNHG15 expression increases in blood
of patients with acute ischemic stroke, CIR rats, and cell
models [10, 15], but the specific pathophysiological mech-
anism was not clear. In this study, the expressions of
SNHG15, miR-141, and SIRT1 were investigated by con-
structing a neuronal CIR in vitro cell model and transfecting
SNHG15 siRNA and miR-141 mimics, with the discussion
on SNHG15, miR-141, and SIRT1 expressions. It is clear that
the SNHG15-miR-141-SIRT1 pathway plays an important
role in the pathophysiological process of CIR. After CIR,
SNHG15 expression was upregulated, promoting the ex-
pression of its target gene SIRT1 by inhibiting miR-141
expression and thus promoting the expressions of relevant
oxidative stress indicators, p65, TNF-α, IL-1β, IL-6, and
iNOS, participating in the pathophysiological process of CIR
by regulating the oxidative stress pathway.

In this study, SNHG15 could be a direct target for miR-
141, regulating SIRT1 expression indirectly by regulating
miR-141, speculating that lncRNA-miRNA-target genes can
play important roles in the pathophysiological mechanism of
OGD reoxygenation. Tian et al. [16] recently showed that
SNHG8 could play a neuroprotective role in CIR as another
lncRNA. SNHG8 overexpression could inhibit miR-425
expression and then reduce the expressions of TNF-α and
other proinflammatory factors by regulating SIRT1 to reduce
endothelial damage, which further confirmed the important
role of SIRT1 in CIR. Zhou et al. [17] confirmed this con-
clusion that SNHG7 could also play a neuroprotective role in
a rat ischemia-reperfusion model. SNHG7 overexpression
inhibited miR-9 expression and reduced ROS production by
regulating SIRT1 expressions. Consistent with the results of
this study, SIRT1 might be a key gene for CIR, involving
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multiple lncRNAs and miRNAs in regulating SIRT1 ex-
pression, playing an important role in the pathophysio-
logical mechanism of CIR.

In this study, SNHG15 expression increased in the OGD
reoxygenation model, and it is speculated that it may act in
OGD reoxygenation. SNHG15 was first thought to be tu-
mor-related lncRNA, promoting the differentiation of tu-
mor cells. SNHG15 expression in tumor cells was high. At
the same time, it showed that limiting its expression might
inhibit its invasion and metastasis in the tumor, and miR-
141 acted as its sponge in the pathophysiological mechanism
of CIR [18]. In recent years, studies have focused on the
physiological mechanism of ischemic stroke and CIR. Deng
et al. [10] showed that SNHG15 expression in human pe-
ripheral blood monocytes increased and positively corre-
lated with the severity of the disease. Guo et al. [15] showed
that SNHG15 expression increased in the rat middle cerebral
artery blockage model and OGD N2a cell model, inhibiting
SNHG15 expression which could alleviate neuronal death.
All these findings were consistent with the conclusion in this
study; we also confirmed that SNHG15 expression increased
in OGD-SH-SY5Y cell models, indicating that SNHG15
played an important role in the pathophysiological mech-
anism of CIR.

In this study, inhibiting SNHG15 expression slowed
down the oxidative stress response, leading to down-
regulation of the expressions of related inflammatory
factors, assuming that SNHG15 plays a role in regulating
oxidative stress. Many studies have also shown that oxi-
dative stress plays an important role in the neuronal injury
of ischemia-reperfusion and directly affects the prognosis
of ischemic stroke. Wu et al. [19] showed that ROS pro-
duction promotes CIR. Zhao et al. [20] also showed that
protective oxidative stress can also slow neuronal apoptosis
in CIR. Consistent with these conclusions, we found that
the expression of restricted SNHG15 inhibited the ex-
pression of relevant oxidative stress factors in the OGD-
SH-SY5Y cell model and, therefore, may further inhibit
neuronal damage.

5. Conclusion

Numerous studies have shown that lncRNAs can act as
miRNA endogenous sponges, regulating miRNA binding to
target genes and thus participating in the relevant patho-
physiological mechanism [4]. To further clarify the role of
SNHG15 involved in neuroinflammation and oxidative
stress in CIR cell models, we predicted the miRNA binding
to it with bioinformatics software. It turned out that
SNHG15 has miR-141-3p binding sites, which has also been
confirmed in studies on other tumor diseases [18]. Zhou
et al. [21] showed that miR-141 expression decreased in the
PC12 CIR cell model, and miR-141 mimics could signifi-
cantly improve cell damage after ischemia-reperfusion.
However, inhibiting miR-141 expression can significantly
aggravate cell damage. miR-141 could reduce the expres-
sions of ROS, iNOS, and other indicators associated with
oxidative stress and further slow down the injury of is-
chemia-reperfusion. Interestingly, Liu et al. [22] indicated

that tumor necrosis factor-α (TNF-α) treatment could
promote reperfusion injury and downregulate miR-141
expression. In our study, we found that SNHG15 siRNA
could downregulate miR-141 expression. Meanwhile, miR-
141 mimics could also promote SNHG15 expression, further
promoting SNHG15-mediated pathophysiological pro-
cesses. ,erefore, we believe that SNHG15 can play a further
role by regulating miR-141.

miRNA can regulate the expression of target genes by
specifically binding to mRNA 3′ noncoding zones. For
further clarification of the pathophysiological mechanism
of miR-141 in CIR, we used the bioinformatics database
for further prediction. It turned out that SIRT1 3′ non-
coding zone may bind to miR-141 with specificity. Studies
have shown that SIRT1 played a neuroprotective role in
inhibiting apoptosis, slowing the inflammation, protect-
ing mitochondrial function, and inhibiting oxidative
stress in the pathophysiological mechanism of CIR [23].
Our findings confirmed this conclusion; SNHG15 siRNA
may negatively regulate SIRT1 expression by promoting
miR-141 expression and then increase the related
proinflammatory factors and oxidative stress-related in-
dicators such as TNF-α, IL-1β, and iNOS expressions. As
mentioned earlier, there may be many lncRNAs and
miRNAs that may play a role in the pathophysiological
mechanism of CIR by regulating SIRT1 expression.
However, their specific role may need further in vitro and
in vivo experiments.

Overall, our study indicated that SNHG15 siRNA and
miR-141 mimics reduce the expression of proin-
flammatory factors by interfering with the above path-
ways. Moreover, miR-141 mimics can also reduce
SNHG15 expression and thus play a protective role. Our
study showed that SNHG15 regulates neuroinflammation
and oxidative stress through miR-141-mediated SIRT1
pathways and increases the expressions of proin-
flammatory factors and oxidative stress-related indicators,
thus promoting neuronal damage in the pathophysio-
logical process of CIR. ,is research explores its role and
mechanism on oxidative stress in OGD reoxygenated cells
to assist the further treatment of CIR. However, its specific
role may need further in vitro and in vivo experiments.
,e lncRNAs and miRNAs’ specific role still needs further
in vitro and in vivo experiments.

Data Availability

,e datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.

Ethical Approval

,is study was approved by the Ethics Committee of the
,ird Affiliated Hospital of Qiqihar Medical University.

Conflicts of Interest

,e authors declare that they have no conflicts of interest.

6 Journal of Healthcare Engineering



Authors’ Contributions

MK and CZ conceived and designed the study and drafted
the manuscript. MK, FJ, XS, and HL collected, analyzed, and
interpreted the experimental data. MK and FJ revised the
manuscript for important intellectual content. All authors
read and approved the final manuscript.

Acknowledgments

,is study was funded by the Science and Technology Re-
search Project, the Basic Scientific Research Fund of Un-
dergraduate Universities in Heilongjiang Province (2020-
KYYWF-0016).

References

[1] X. Hu, T. M. De Silva, J. Chen, and F. M. Faraci, “Cerebral
vascular disease and neurovascular injury in ischemic stroke,”
Circulation Research, vol. 120, no. 3, pp. 449–471, 2017.

[2] R. Wang, H. Bao, S. Zhang, R. Li, L. Chen, and Y. Zhu, “miR-
186-5p promotes apoptosis by targeting IGF-1 in SH-SY5Y
OGD/R model,” International Journal of Biological Sciences,
vol. 14, no. 13, pp. 1791–1799, 2018.

[3] J. Wang, B. Cao, D. Han, M. Sun, and J. Feng, “Long non-
coding RNA H19 induces cerebral ischemia reperfusion in-
jury via activation of autophagy,” Aging and disease, vol. 8,
no. 1, pp. 71–84, 2017.

[4] S.-W. Wang, Z. Liu, and Z.-S. Shi, “Non-coding RNA in acute
ischemic stroke: mechanisms, biomarkers and therapeutic
targets,” Cell Transplantation, vol. 27, no. 12, pp. 1763–1777,
2018.

[5] M.Wolska, J. Jarosz-Popek, E. Junger et al. “Long non-coding
RNAs as promising therapeutic approach in ischemic stroke: a
comprehensive review,” Molecular Neurobiology, vol. 58,
no. 4, pp. 1664–1682, 2021.

[6] N. Ma, C. Tie, B. Yu, W. Zhang, and J. Wan, “Identifying
lncRNA-miRNA-mRNA networks to investigate Alzheimer’s
disease pathogenesis and therapy strategy,” Aging, vol. 12,
no. 3, pp. 2897–2920, 2020.

[7] P. Wan, W. Su, Y. Zhang et al., “LncRNA H19 initiates
microglial pyroptosis and neuronal death in retinal ischemia/
reperfusion injury,” Cell Death & Differentiation, vol. 27,
no. 1, pp. 176–191, 2020.

[8] Y. Zhong, C. Yu, and W. Qin, “LncRNA SNHG14 promotes
inflammatory response induced by cerebral ischemia/reper-
fusion injury through regulating miR-136-5p/ROCK1,”
Cancer Gene �erapy, vol. 26, no. 7-8, pp. 234–247, 2019.

[9] Y. Li, S. Guo, W. Liu et al., “Silencing of SNHG12 enhanced
the effectiveness of MSCs in alleviating ischemia/reperfusion
injuries via the PI3K/AKT/mTOR signaling pathway,”
Frontiers in Neuroscience, vol. 13, p. 645, 2019.

[10] Q.-W. Deng, S. Li, H. Wang et al., “Differential long non-
coding RNA expressions in peripheral blood mononuclear
cells for detection of acute ischemic stroke,” Clinical Science,
vol. 132, no. 14, pp. 1597–1614, 2018.

[11] X. Sun, Y. Bai, C. Yang, S. Hu, Z. Hou, and G. Wang,
“Retracted article: long noncoding RNA SNHG15 enhances
the development of colorectal carcinoma via functioning as a
ceRNA through miR-141/SIRT1/Wnt/β-catenin axis,” Arti-
ficial Cells, Nanomedicine, and Biotechnology, vol. 47, no. 1,
pp. 2536–2544, 2019.

[12] R. Verma, R. M. Ritzel, N. M. Harris et al., “Inhibition of miR-
141-3p ameliorates the negative effects of poststroke social
isolation in aged mice,” Stroke, vol. 49, no. 7, pp. 1701–1707,
2018.

[13] X. Meng, J. Tan, M. Li, S. Song, Y. Miao, and Q. Zhang, “Sirt1:
role under the condition of ischemia/hypoxia,” Cellular and
Molecular Neurobiology, vol. 37, no. 1, pp. 17–28, 2017.

[14] Y. Deng, D. Chen, L. Wang et al., “Silencing of long non-
coding RNA nespas aggravates microglial cell death and
neuroinflammation in ischemic stroke,” Stroke, vol. 50, no. 7,
pp. 1850–1858, 2019.

[15] T. Guo, Y. Liu, X. Ren, W.Wang, and H. Liu, “Promoting role
of long non-coding RNA small nucleolar RNA host gene 15
(SNHG15) in neuronal injury following ischemic stroke via
the MicroRNA-18a/CXC chemokine ligand 13 (CXCL13)/
ERK/MEK Axis,” Medical Science Monitor: International
Medical Journal of Experimental and Clinical Research, vol. 26,
Article ID e923610, 2020.

[16] J. Tian, Y. Liu, Z. Wang et al., “LncRNA Snhg8 attenuates
microglial inflammation response and blood-brain barrier
damage in ischemic stroke through regulating miR-425-5p
mediated SIRT1/NF-kappaB signaling,” Journal of Biochem-
ical andMolecular Toxicology, vol. 35, Article ID e22724, 2021.

[17] T. Zhou, S. Wang, K. Lu, and C. Yin, “Long non-coding RNA
SNHG7 alleviates oxygen and glucose deprivation/reoxyge-
nation-induced neuronal injury by modulating miR-9/SIRT1
Axis in PC12 cells: potential role in ischemic stroke,” Neu-
ropsychiatric Disease and Treatment, vol. 16, pp. 2837–2848,
2020.

[18] J. Ye, L. Tan, Y. Fu et al., “LncRNA SNHG15 promotes he-
patocellular carcinoma progression by sponging miR-141-
3p,” Journal of Cellular Biochemistry, vol. 120, no. 12,
pp. 19775–19783, 2019.

[19] J. Wu, Y. Chen, S. Yu et al., “Neuroprotective effects of
sulfiredoxin-1 during cerebral ischemia/reperfusion oxidative
stress injury in rats,” Brain Research Bulletin, vol. 132,
pp. 99–108, 2017.

[20] Q. Zhao, X. Wang, A. Chen et al., “Rhein protects against
cerebral ischemic/reperfusioninduced oxidative stress and
apoptosis in rats,” International Journal of Molecular Medi-
cine, vol. 41, pp. 2802–2812, 2018.

[21] B. Zhou, H.-Y. Liu, B.-L. Zhu, and A.-X. Yue, “MicroRNA-141
protects PC12 cells against hypoxia/reoxygenation-induced
injury via regulating Keap1-Nrf2 signaling pathway,” Journal
of Bioenergetics and Biomembranes, vol. 51, no. 4, pp. 291–300,
2019.

[22] R. R. Liu, J. Li, J. Y. Gong et al. “MicroRNA-141 regulates the
expression level of ICAM-1 on endothelium to decrease
myocardial ischemia-reperfusion injury,”American Journal of
Physiology - Heart and Circulatory Physiology, vol. 309, no. 8,
pp. H1303–H1313, 2015.

[23] J.-F. Zhang, Y.-L. Zhang, and Y.-C. Wu, “,e role of Sirt1 in
ischemic stroke: pathogenesis and therapeutic strategies,”
Frontiers in Neuroscience, vol. 12, p. 833, 2018.

Journal of Healthcare Engineering 7


