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Abstract. Following cerebral infarction, activated microglia 
cells can release a large amount of inflammatory cytokines, 
thereby exacerbating neuronal damage. It has been demon‑
strated that the long non‑coding RNA small nucleolar RNA 
host gene 1 (SNHG1) exerts a protective effect against cerebral 
infarction. However, its specific role in cerebral infarction and 
underlying mechanism have yet to be fully elucidated. The 
present study aimed to investigate the effects of the SNHG1 
and microRNA (miR)‑329‑3p in cerebral infarction and to 
determine the underlying molecular mechanisms. An in vitro 
oxygen‑glucose deprivation (OGD) model was established 
using the BV‑2 microglial cell line. The mRNA expression 
levels of SNHG1 and miR‑329‑3p were analyzed using reverse 
transcription‑quantitative PCR and the protein expression 
levels of cleaved caspase‑3 and caspase‑3 were detected using 
western blotting. The binding relationship between SNHG1 
and miR‑329‑3p was predicted using starBase and verified 
using a dual luciferase reporter assay. The release of TNF‑α 
and nitric oxide, as well as caspase‑3 activity, were detected 
using appropriate commercial kits. Flow cytometry analysis 
was performed to measure cell apoptosis. The results of the 
present study revealed that the expression levels of SNHG1 
were upregulated in the OGD‑induced BV‑2 cell model. 
miR‑329‑3p was discovered to directly target SNHG1, and 
its mRNA expression levels were downregulated in the 
OGD‑induced BV‑2 cell model. The SNHG1‑plasmid down‑
regulated miR‑329‑3p expression levels, while this effect 

was reversed by transfection with the miR‑329‑3p mimic. 
The overexpression of SNHG1 or knockdown of miR‑329‑3p 
inhibited OGD‑induced BV‑2 cell activation. In conclusion, 
the results of the present study suggested that SNHG1 may 
reduce microglial cell activity by regulating the expression of 
miR‑329‑3p, indicating its potential protective role in cerebral 
infarction.

Introduction

Cerebral infarction, also known as ischemic stroke, refers 
to the local ischemic necrosis or encephalomalacia of brain 
tissue caused by disruption to the blood supply, leading to 
ischemia and hypoxia (1‑3). Cerebral infarction is the most 
common type of cerebrovascular disease, accounting for 
~70% of all cerebrovascular diseases (4). The most common 
clinical causes of cerebral infarction include the formation of 
a cerebral thrombus, lacunar infarction and cerebral embo‑
lism (5,6). Although the different types may share common 
etiological characteristics, there also exhibit specific differ‑
ences. Diseases and conditions commonly associated with 
cerebral infarction include diabetes, obesity, hypertension, 
rheumatic heart disease, arrhythmia, dehydration due to 
various reasons, several types of arteritis, shock and a rapid or 
excessive drop in blood pressure (7‑9). Cerebral infarction is 
considered as a medical emergency and is associated with high 
disability and mortality rates. Therefore, it is crucial to devise 
more effective treatments for cerebral infarction. Previous 
studies have reported that microglia activation may promote 
the excessive release of numerous inflammatory cytokines, 
thereby exacerbating neuronal damage after an ischemic 
stroke (10,11). Therefore, the present study conducted a series 
of experiments using microglia to further study their role in 
cerebral infarction and elucidate the underlying mechanism.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑coding RNAs of >200 nucleotides in length, which are 
transcribed in most eukaryotic genomes (12,13). To date, most 
lncRNAs have been classified; however, their precise func‑
tions require further investigations. An increasing number of 
studies have shown that lncRNAs play key roles in regulating 
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growth and development, cell differentiation, subcellular 
structure distribution and evolutionary selection, in addition 
to their roles in numerous types of human disease, including 
vascular, neurological and inflammatory diseases, as well as 
cancer (14‑16). In fact, numerous lncRNAs, such as metas‑
tasis‑associated lung adenocarcinoma transcript 1, maternally 
expressed 3, CDKN2B antisense RNA 1 and small nucleolar 
RNA host gene 1 (SNHG1), have been reported to be involved 
in regulating the pathogenesis of cerebral infarction (17‑20). 
SNHG1 is a lncRNA, comprising 3,927 nucleotides, which is 
transcribed from the SNHG1 gene on chromosome 11 (21). 
Chen et al (20) found that SNHG1 exerted a protective effect 
against cerebral infarction by regulating the PI3K/AKT 
signaling pathway. Other studies have revealed that regulating 
the endogenous activation of microglia may represent a new 
target for ischemic stroke treatment (22,23). In addition, an 
oxygen‑glucose deprivation (OGD) model of BV‑2 cells has 
been widely used to study cerebral infarction in vitro (24‑26). 
However, to the best of our knowledge, whether SNHG1 
participates in cerebral infarction by affecting the activation 
of microglia has not been investigated to date.

The present study was undertaken to investigate the effects 
of SNHG1 on the activation of microglia and further determine 
its underlying molecular mechanism. The results may provide 
novel insight into potential clinical strategies for the treatment 
of cerebral infarction.

Materials and methods

Cell culture and OGD model establishment. The BV‑2 
microglial cell line was purchased from the American Type 
Culture Collection. Cells were cultured in DMEM (HyClone; 
Cytiva) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.), and maintained at 37˚C with 5% CO2.

The establishment of the OGD model of BV‑2 cells was 
performed according to a previous study (25). Briefly, BV‑2 
cells were cultured in serum/glucose‑free DMEM with 95%N2 
and 5% CO2 at 37˚C for 12, 24 or 48 h. Following incubation, 
the cells were collected to determine the levels of SNHG1 and 
miR‑329‑3p.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was 
reverse transcribed into cDNA using a SuperScript® VILO™ 
cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific, 
Inc.). qPCR was subsequently performed on a Prism 7000 
Real‑Time PCR Detection system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using SYBR qPCR Master mix 
(Thermo Fisher Scientific, Inc.), according to the manufactur‑
er's protocol. The primers used for the qPCR were purchased 
from Genscript and the primer sequences are listed as follows:

GAPDH, forward 5'‑CTT​TGG​TAT​CGT​GGA​AGG​ACT​
C‑3' and reverse, 5'‑GTA​GAG​GCA​GGG​ATG​ATG​TTC​T‑3'; U6, 
forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3' and 
reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​GTC​AT‑3'; lncRNA 
SNHG1, forward, 5'‑CCA​AAC​TCA​GGC​ACT​GTA​TAG​
AT‑3' and reverse, 5'‑ACA​GAC​ACG​AAG​TGG​AGT​TAT​G‑3'; 
and miR‑329‑3p, forward, 5'‑GTG​GAA​CAG​ACC​TGG​TAA​
AC‑3' and reverse, 5'‑CAA​GTG​CGA​GTC​GTG​CAG​T‑3'. The 

following thermocycling conditions were used for the qPCR: 
Initial denaturation for 5 min at 95˚C, followed by 40 cycles of 
95˚C for 10 sec and 60˚C for 30 sec. The relative mRNA expres‑
sion levels of SNHG1 and microRNA (miRNA/miR)‑329‑3p 
were calculated using the 2‑ΔΔCq method (27), and GAPDH 
or U6 were used as the internal controls for normalization of 
SNHG1 and miR‑329‑3p expression, respectively.

Cell transfection. The SNHG1 sequence was synthesized 
based on the SNHG1 sequence and then sub‑cloned into the 
pcDNA3.1 vector (SNHG1‑plasmid; Shanghai GeneChem 
Co., Ltd.). The empty pcDNA3.1 vector was used as a 
control (control‑plasmid). BV‑2 cells were plated into 6‑well 
plates for 24 h, then transfected with 1 µg control‑plasmid, 
1 µg SNHG1‑plasmid, 50 nM mimic control (5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3'; GeneCopoeia, Inc.), 50  nM 
miR‑329‑3p mimic (3'UUU​UUC​CAA​UCG​ACC​CAC​ACA​
A5'; GeneCopoeia, Inc.), 1 µg SNHG1‑plasmid + 50 nM mimic 
control, 1 µg SNHG1‑plasmid + 50 nM miR‑329‑3p mimic, 
100 nM inhibitor control (5'CAG​UAC​UUU​UGU​GUA​GUA​
CAA3'; GeneCopoeia, Inc.) or 100 nM miR‑329‑3p inhibitor 
(5'AAA​AAG​GUU​AGC​UGG​GUG​UGU​U3'; GeneCopoeia, 
Inc.) using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). Following transfection for 24 h, the 
cells were collected to determine the transfection efficiency 
using RT‑qPCR.

To investigate the role of SNHG1 in OGD induced 
BV‑2 cells, BV‑2 cells were cultured in serum/glucose-
free DMEM with 95% N2 and 5% CO2 at  37˚C for 48  h, 
then the cells were transfected with control‑plasmid, 
SNHG1‑plasmid, SNHG1‑plasmid  +  mimic control, or 
SNHG1‑plasmid + miR‑329‑3p mimic at 37˚C for another 
24  h. Cells were divided into the following six groups: 
i)  Control group; ii)  OGD group; iii)  OGD  +  control-
plasmid group; iv)  OGD  +  SNHG1‑plasmid group; 
v)  OGD  +  SNHG1‑plasmid  +  mimic control group; and 
vi) OGD + SNHG1‑plasmid + miR‑329‑3p mimic group.

To investigate the role of miR‑329‑3p downregulation 
in OGD induced BV‑2 cells, BV‑2 cells were cultured in 
serum/glucose‑free DMEM with 95% N2 and 5% CO2 at 37˚C 
for 48 h, then the cells were transfected with inhibitor control 
or miR‑329‑3p inhibitor at 37˚C for 24 h. Cells were divided 
into the following four groups: i) Control group; ii) OGD 
group; iii) OGD + inhibitor group; and iv) OGD + miR‑329‑3p 
inhibitor group.

miRNA target analysis and dual luciferase reporter assay. 
The binding relationship between miR‑329‑3p and SNHG1 
was identified using starBase (http://starbase.sysu.edu.cn/). 
The 3'‑untranslated region (UTR) sequences of SNHG1 
containing the target sequence of miR‑329‑3p were obtained 
by RT‑qPCR and cloned into a pmirGLO vector (Promega 
Corporation) to construct the SNHG1‑wild‑type (WT) 
reporter gene vector. A SNHG1‑mutated type (MUT) reporter 
gene vector was also constructed. The BV‑2 cells were 
cultured for 24 h, then co‑transfected with the SNHG1‑WT 
or SNHG1‑MUT reporter gene vector and miR‑329‑3p 
mimic (3'‑UUU​UUC​CAA​UCG​ACC​CAC​ACA​A‑5') or mimic 
control (5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3') using 
Lipofectamine 2000 reagent at 37˚C for 48 h. The relative 
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luciferase activity was measured using a Dual Luciferase 
Reporter assay system (Promega Corporation) according to the 
manufacturer's protocol. Luciferase activity was normalized 
to Renilla luciferase activity.

ELISA. Following 24 h of transfection, the cell culture super‑
natants were collected through centrifugation at 500 x g at 4˚C 
for 5 min. Then, the levels of TNF‑α in the supernatant of BV‑2 
cells were detected using an ELISA kit (cat. no. SMTA00B; 
R&D Systems, Inc.) according to the manufacturer's protocol.

Measurement of nitric oxide (NO) production. The production 
of NO was evaluated by detecting the nitrate levels in the cell 
supernatant. Briefly, equal volumes of BV‑2 cell supernatant and 
Griess reagent were mixed and incubated for 10 min at room 
temperature. The absorbance was measured at a wavelength of 
550 nm using a microplate reader (Bio‑Rad Laboratories, Inc.).

Flow cytometric analysis of apoptosis. Flow cytometry was used 
to detect the levels of cell apoptosis using Annexin V‑FITC/PI 
apoptosis detection kit (Beyotime Institute of Biotechnology). 
Briefly, the transfected cells were collected by trypsinization 
after transfection and resuspended in 1X binding buffer. Then, 
100 µl cell suspension was incubated with 5 µl Annexin V‑FITC 
and 5 µl PI (Beyotime Institute of Biotechnology) according 
to the manufacturer's protocol. Apoptotic cells were analyzed 
using a FACSCalibur flow cytometer (BD Biosciences) and 
FlowJo software (version 7.2.4; FlowJo LLC).

Detection of caspase‑3 activity. Caspase‑3 activity was 
measured using a colorimetric assay kit (Beyotime Institute 
of Biotechnology) according to the manufacturer's protocol.

Western blotting. Following incubation for 24 h, total protein 
was extracted from BV‑2 cells using RIPA lysis buffer 
(Beyotime Institute of Biotechnology) and centrifugation 
at 10,000 x g for 15 min at 4˚C. Total protein was quantified 

using a BCA protein assay kit (Bio‑Rad Laboratories, Inc.) 
and separated via 10% SDS‑PAGE. The separated proteins 
were subsequently transferred onto a PVDF membrane and 
blocked with PBS‑0.1% Tween‑20 (PBST) containing 5% 
non‑fat milk at room temperature for 1 h. The membranes 
were then incubated with the following primary antibodies 
at 4˚C overnight: Anti‑cleaved caspase‑3 (cat. no. 9664; dilu‑
tion 1:1,000; Cell Signaling Technology, Inc.), anti‑caspase‑3 
(cat. no. 14220; dilution 1:1,000; Cell Signaling Technology, 
Inc.) or anti‑GAPDH (cat. no. 5174; dilution 1:1,000; Cell 
Signaling Technology, Inc.). Following primary antibody 
incubation, the membrane was washed with PBST three times 
and incubated with the secondary antibody [goat anti‑rabbit 
IgG H&L (HRP) preadsorbed; cat. no. 97080; dilution 1:5,000; 
Abcam] for 1 h at room temperature. Protein bands were 
visualized using an ECL substrate (Cytiva) on an Amersham 
ImageQuant UV western blotting system (Cytiva) according 
to the manufacturer's instructions.

Statistical analysis. Statistical analysis was performed 
using the SPSS software (version 18.0; SPSS, Inc.). Data are 
presented as the mean ± SD of three independent experiments. 
Statistical differences between groups were determined using 
an unpaired Student's t‑test or one‑way ANOVA followed by 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

SNHG1 is a direct target gene of miR‑329‑3p. Bioinformatics 
analysis using starBase identified a binding site between 
SNHG1 and miR‑329‑3p (Fig. 1A). Compared with the mimic 
control group, transfection with the miR‑329‑3p mimic signifi‑
cantly upregulated miR‑329‑3p expression levels in BV‑2 
cells (Fig. 1B). Then, the binding site between SNHG1 and 
miR‑329‑3p was confirmed using a dual luciferase reporter 
assay (Fig. 1C).

Figure 1. miR‑329‑3p directly targets SNHG1. (A) Predicted miR‑329‑3p binding sites in the 3'‑UTR of SNHG1. (B) BV‑2 cells were transfected with 
miR‑329‑3p mimic or mimic control for 48 h, then the expression levels of miR‑329‑3p were analyzed using reverse transcription‑quantitative PCR. (C) Dual 
luciferase reporter assay was used to verify the miR‑329‑3p binding sites in the 3'‑UTR of SNHG1. **P<0.01 vs. mimic control. miR, microRNA; SNHG1, small 
nucleolar RNA host gene 1; UTR, untranslated region; WT, wild‑type; MUT, mutant.
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Expression levels of SNHG1 and miR‑329‑3p in the 
OGD‑induced BV‑2 cell model. An OGD cell model was 
established via OGD induction as previously described (25). 
After OGD induction for 12, 24 or 48  h, RT‑qPCR was 
performed to analyze the expression levels of SNHG1 and 
miR‑329‑3p in BV‑2 cells compared with the control group. 
The results revealed that the expression levels of SNHG1 
were significantly upregulated, while the expression levels 
of miR‑329‑3p were significantly downregulated in the OGD 
group (Fig. 2A and B).

SNHG1‑plasmid downregulates the expression levels of 
miR‑329‑3p in BV‑2 cells. BV‑2 cells were transfected 
with control‑plasmid, SNHG1‑plasmid, mimic control, 
miR‑329‑3p mimic, SNHG1‑plasmid  +  mimic control or 
SNHG1‑plasmid + miR‑329‑3p mimic, and the transfection 
efficiencies were determined using RT‑qPCR. The results 
demonstrated that transfection with the SNHG1‑plasmid or 
miR‑329‑3p mimic markedly upregulated the expression 

levels of SNHG1 and miR‑329‑3p, respectively, in BV‑2 cells 
(Fig. 3A and B). Compared with the control‑plasmid group, 
transfection with the SNHG1‑plasmid significantly downregu‑
lated the expression levels of miR‑329‑3p in BV‑2 cells, while 
this downregulation was reversed following transfection with 
the miR‑329‑3p mimic (Fig. 3C).

SNHG1 inhibits OGD‑induced BV‑2 cell activation by 
downregulating the expression of miR‑329‑3p. BV‑2 
cells were transfected for 24  h and then divided into the 
following six groups: i)  Control group; ii)  OGD group; 
iii) OGD + control‑plasmid group; iv) OGD + SNHG1‑plasmid 
group; v) OGD + SNHG1‑plasmid + mimic control group; 
and vi) OGD + SNHG1‑plasmid + miR‑329‑3p mimic group. 
Compared with the control group, the expression levels of 
SNHG1 were significantly upregulated (Fig. 4A), the expres‑
sion levels of miR‑329‑3p were significantly downregulated 
(Fig. 4B), and the release of TNF‑α and NO was significantly 
increased (Fig. 4C and D) in the OGD group. In addition, the 

Figure 2. Expression levels of SNHG1 and miR‑329‑3p in OGD‑induced BV‑2 cells. BV‑2 cells were cultured in serum/glucose‑free DMEM with 95% N2 
and 5% CO2 at 37˚C for 12, 24 or 48 h. Then, relative mRNA expression levels of (A) SNHG1 and (B) miR‑329‑3p in BV‑2 cells were analyzed using reverse 
transcription‑quantitative PCR. **P<0.01 vs. control. SNHG1, small nucleolar RNA host gene 1; miR, microRNA; OGD, oxygen‑glucose deprivation.

Figure 3. Transfection efficiency of SNHG1‑plasmid and miR‑329‑3p mimic in BV‑2 cells. BV‑2 cells were transfected with control‑plasmid, SNHG1‑plasmid, 
mimic control, miR‑329‑3p mimic, SNHG1‑plasmid + mimic control, or SNHG1‑plasmid + miR‑329‑3p mimic for 24 h. (A) Reverse transcription-
quantitative PCR was performed to analyze the mRNA expression levels of SNHG1 in BV‑2 cells following transfection with control‑plasmid or SNHG1‑plasmid. 
(B) Reverse transcription‑quantitative PCR was performed to analyze the expression levels of miR‑329‑3p in BV‑2 cells following transfection with mimic 
control or miR‑329‑3p mimic. (C) Reverse transcription‑quantitative PCR was performed to analyze the expression levels of miR‑329‑3p in BV‑2 cells 
transfected with control‑plasmid, SNHG1‑plasmid, SNHG1‑plasmid + mimic control, or SNHG1‑plasmid + miR‑329‑3p mimic. **P<0.01 vs. control‑plasmid; 
##P<0.01 vs. mimic control; &&P<0.01 vs. SNHG1‑plasmid + mimic control. SNHG1, small nucleolar RNA host gene 1; miR, microRNA.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1148,  2021 5

results of the flow cytometry, caspase‑3 activity and western 
blot analyses demonstrated that the levels of cell apoptosis, 
caspase‑3 activity, cleaved caspase‑3 protein expression and the 
cleaved caspase‑3/caspase‑3 ratio were all markedly increased 
in the OGD group compared with the control group (Fig. 4E‑I).

Similarly, compared with the OGD  +  control‑plasmid 
group, SNHG1 expression levels were upregulated in the 
OGD + SNHG1‑plasmid group, while miR‑329‑3p expres‑
sion levels, TNF‑α and NO release, cell apoptosis, cleaved 
caspase‑3 protein expression, the cleaved caspase‑3/caspase‑3 
ratio and caspase‑3 activity were all significantly reduced 
in the OGD  +  SNHG1‑plasmid group. All these effects 
were significantly reversed following transfection with the 
miR‑392‑3p mimic.

Knockdown of miR‑329‑3p expression inhibits OGD‑induced 
BV‑2 cell activation. The transfection efficiency of the 

miR‑329‑3p inhibitor into BV‑2 cells was detected 24  h 
post‑transfection, and the results revealed that the miR‑329‑3p 
inhibitor significantly downregulated the expression levels of 
miR‑329‑3p in BV‑2 cells (Fig. 5A). The cells were then divided 
into the following four groups: i) Control group; ii) OGD group; 
iii) OGD +  inhibitor control; and iv) OGD + miR‑329‑3p 
inhibitor group. Experiments were subsequently performed to 
determine the molecular mechanisms underlying the effects of 
miR‑329‑3p on BV‑2 cells. As shown in Fig. 5B‑I, compared 
with the control group, miR‑329‑3p expression levels were 
downregulated in the OGD group, while TNF‑α and NO 
release, cell apoptosis, cleaved caspase‑3 protein expression, 
the cleaved caspase‑3/caspase‑3 ratio and caspase‑3 activity 
were all significantly increased in the OGD group. Similarly, 
compared with the OGD + inhibitor control group, miR‑329‑3p 
expression, TNF‑α and NO release, cell apoptosis, cleaved 
caspase‑3 protein expression, the cleaved caspase‑3/caspase‑3 

Figure 4. Overexpression of SNHG1 affects OGD‑induced BV‑2 cell activation and apoptosis. BV‑2 cells were cultured in serum/glucose‑free DMEM 
with 95% N2 and 5% CO2 at 37˚C for 48 h, then the cells were transfected with control‑plasmid, SNHG1‑plasmid, SNHG1‑plasmid + mimic control, or 
SNHG1‑plasmid + miR‑329‑3p mimic for another 24 h. Reverse transcription‑quantitative PCR was performed to analyze the expression levels of (A) SNHG1 
and (B) miR‑329‑3p in BV‑2 cells. (C) TNF‑α release into the supernatant of the transfected cells was detected using an ELISA. (D) NO production in the 
supernatant of the transfected cells was detected using a commercial kit. (E and F) Flow cytometric analysis was used to measure the levels of apoptosis of 
BV‑2 cells induced by OGD. (G) Cleaved caspase‑3 and caspase‑3 protein expression was analyzed using western blotting. (H) Cleaved caspase‑3/caspase‑3 
ratio. (I) Caspase‑3 activity was measured using a colorimetric assay kit. **P<0.01 vs. control; ##P<0.01 vs. OGD + control‑plasmid; &&P<0.01 vs. OGD + SNH
G1‑plasmid + mimic control. SNHG1, small nucleolar RNA host gene 1; miR, microRNA; OGD, oxygen‑glucose deprivation; NO, nitric oxide.
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ratio and caspase‑3 activity were all markedly decreased in the 
OGD + miR‑329‑3p inhibitor group.

Discussion

Cerebral infarction is caused by blood circulation disorders, 
which lead to ischemia, hypoxia and necrosis of the brain areas 
affected (1‑3). The clinical symptoms of cerebral infarction 
are complex, and are associated with the location of the brain 
damage, the size of the cerebral ischemic blood vessels, the 
severity of the ischemia, the influence of other diseases prior 
to the onset of ischemia and the effects of the comorbidity 
of cerebral infarction and other types of vital organ disease. 
Mild cases of cerebral infarction can be completely asymp‑
tomatic, but they can also manifest as recurrent limb paralysis 

or dizziness, which is known as a transient ischemic attack. 
Individuals with severe cases of cerebral infarction may not 
only experience limb paralysis, but acute coma and death may 
also occur in some cases (28,29).

The expression levels of SNHG1 were previously found 
to be upregulated in middle cerebral artery occlusion model 
mice (30), indicating the potentially important role of SNHG1 
in cerebral infarction. Furthermore, the level of SNHG1 is 
elevated in OGD and cerebral ischemic rodents and exerts 
neuroprotective effects involving the PI3K/AKT pathway (20). 
To investigate the mechanisms underlying the role of lncRNA 
SNHG1 in cerebral infarction, the present study predicted and 
verified the binding site between miR‑329‑3p and SNHG1. 
Microglia are small cells found in the nervous system, which 
are mostly localized in the gray matter near the cell bodies of 

Figure 5. Knockdown of miR‑329‑3p expression affects OGD‑induced BV‑2 cell activation and apoptosis. (A) BV‑2 cells were transfected with inhibitor control 
or miR‑329‑3p inhibitor for 24 h, and then reverse transcription‑quantitative PCR was performed to analyze the expression levels of miR‑329‑3p. (B) BV‑2 cells 
were cultured in serum/glucose‑free DMEM with 95% N2 and 5% CO2 at 37˚C for 48 h; then, the cells were transfected with inhibitor control or miR‑329‑3p 
inhibitor for 24 h and reverse transcription‑quantitative PCR was performed to analyze the expression levels of miR‑329‑3p. (C) TNF‑α release into the 
supernatant of the transfected cells was detected using ELISA. (D) NO production in the supernatant of the transfected cells was detected using a commercial 
kit. (E and F) Flow cytometric analysis was used to measure the levels of apoptosis of BV‑2 cells induced by OGD. (G) Cleaved caspase‑3 and caspase‑3 
protein expression was measured using western blotting. (H) Cleaved caspase‑3/caspase‑3 ratio. (I) Caspase‑3 activity was detected using a colorimetric assay 
kit. **P<0.01 vs. inhibitor control; ##P<0.01 vs. control; &&P<0.01 vs. OGD + inhibitor control. SNHG1, small nucleolar RNA host gene 1; miR, microRNA; 
OGD, oxygen‑glucose deprivation; NO, nitric oxide.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1148,  2021 7

neurons and around small blood vessels, but can also be found 
in the white matter of the brain (31). Microglia can promote the 
development of the nervous system and regulate the number 
of neurons in the central nervous system (32). After an isch‑
emic stroke, activated microglia were discovered to promote 
the excessive release of inflammatory cytokines, thereby 
exacerbating neuronal damage (33,34). Therefore, regulating 
the activation of endogenous microglia may represent a new 
treatment target in ischemic stroke (22,23). Furthermore, OGD 
induced BV‑2 cells have been widely used to study cerebral 
infarction in vitro (24‑26). In the present study, BV‑2 cells 
were used to establish an in vitro OGD model, and the results 
revealed that the expression levels of SNHG1 were upregulated 
in OGD‑induced cells, while miR‑329‑3p expression levels 
were downregulated.

To determine whether SNHG1 affected the activation of 
BV‑2 cells by regulating miR‑329‑3p expression, experiments 
with BV‑2 cells were performed following overexpression 
of SNHG1 and downregulation of miR‑329‑3p. The results 
demonstrated that transfection with the SNHG1‑plasmid 
downregulated miR‑329‑3p expression, while this effect was 
reversed following transfection with the miR‑329‑3p mimic. 
TNF‑α and NO are important proinflammatory factors that 
have been found to play important roles in the occurrence and 
development of the systemic inflammatory response (35,36). 
Thus, the present study measured the release of TNF‑α 
and NO in the supernatant of OGD‑induced BV‑2 cells. 
The results revealed that the overexpression of SNHG1 or 
knockdown of miR‑329‑3p expression inhibited the release 
of TNF‑α and NO in the supernatant of OGD‑induced BV‑2 
cells. Contrary to our findings, an in vitro study on Parkinson's 
disease demonstrated that LPS increased SNHG1 expression 
in BV‑2 cells, leading to NLRP3 activation and cytokine 
production  (37). Moreover, the findings of present study 
indicated that the overexpression of SNHG1 or knockdown 
of miR‑329‑3p expression reduced OGD‑induced BV‑2 cell 
apoptosis. Of note, all the effects of SNHG1 overexpression 
on OGD‑induced BV‑2 cells were significantly reversed by 
miR‑329‑3p overexpression. Other previous studies have also 
reported that SNHG1 may act as a sponge RNA to interfere 
with the actions of target miRNAs (38,39). The findings of 
the present study confirmed that the effects of SNHG1 on 
OGD‑induced BV‑2 cells are mediated through downregu‑
lating miR‑329‑3p levels.

The present study was only a preliminary in vitro study 
on the role of lncRNA SNHG1 in cerebral infarction. In order 
to further elucidate the role of lncRNA SNHG1 in cerebral 
infarction, extensive in‑depth research is required. For 
example, the role of lncRNA SNHG1 silencing or miR‑329‑3p 
overexpression alone in cerebral infarction should be inves‑
tigated. Furthermore, the downstream targets of SNHG1 and 
miR‑329‑3p should be further analyzed. In addition, the role of 
lncRNA SNHG1 and miR‑329‑3p in cerebral infarction should 
be studied in vivo. These issues will be addressed in future 
studies.

In conclusion, the results of the present study indicated that 
lncRNA SNHG1 may play an important role in microglia acti‑
vation by modulating the expression of miR‑329‑3p. Therefore, 
targeting SNHG1 and miR‑329‑3p may provide novel strategies 
for the treatment of cerebral infarction.
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