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1. Introduction
One of the leading causes of mortality and a leading 

contributor to adult disability globally is ischemic stroke 
(IS), which makes up 75–80% of stroke [1, 2]. As a most 
common type of acute cerebrovascular disease, the patho-
physiological effects of IS are driven by a multitude of 
complex molecules and caused by various factors [3]. 
With the arrival of the aging population worldwide, IS 
has become a common and frequently occurring disease 
among the middle-aged and elderly population. It has the 
characteristics of acute onset, severe illness, rapid change, 
disability, and high mortality rate [4]. However, the speci-
fic molecular mechanism of ischemic stroke is not entirely 
clear, and there lack of potential diagnostic markers for IS 
early warning. Hence, there is an urgent need to explore 
effective diagnostic biomarkers and the underlying mecha-
nisms in IS. 

Long non-coding RNA (lncRNA) molecules are func-
tional RNA molecules with a length exceeding 200 nt, 
but it has no or lacks an open reading coding framework 
[5]. LncRNAs involve regulatory sequences at the trans-
cription, reverse transcription, and epigenetic levels, and 
has spatiotemporal and tissue specificity in the operation 
of the central nervous system[6]. LncRNAs contain miR-
NA-responsive elements (MREs) that can bind to miRNA 

through MREs, thereby inhibiting the negative regulatory 
effect of miRNA on mRNA and increasing mRNA expres-
sion [7]. Understanding the functional roles of lncRNAs in 
ischemic stroke is crucial, given their potential contribu-
tion to the disease pathology[8]. Previous studies revealed 
that lncRNAs have emerged as a novel class of regulatory 
molecules with the potential to attenuate or aggravate the 
pathogenic mechanisms following IS. These mechanisms 
include oxidative stress, neuroinflammation, cell death 
signaling, blood-brain barrier dysfunction, and angiogene-
sis [9]. Chen et al. discovered that the Notch1 pathway in 
IS is regulated by lncRNA GAS5 acting as a ceRNA for 
miR-137 [10]. According to Zhang et al., lncRNA SNHG1 
controls IS cerebrovascular diseases as a ceRNA by HIF-
1alpha/VEGF signaling [11]. MALAT1 (metastasis-asso-
ciated lung adenocarcinoma transcript 1) has been exten-
sively studied due to its involvement in the pathophysio-
logical processes of IS, which was considered a potential 
therapeutic target[9]. However, the functions and roles of 
many other lncRNAs are unclear. To understand more de-
tailed mechanisms of the lncRNAs in the pathogenesis of 
IS, further research is necessary.

Here, the aim of the study is to investigate the biomar-
kers and functions of lncRNAs in IS. Integrated bioin-
formatics analysis including the WGCNA analysis to 
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construct the lncRNA-based ceRNA network by public 
database. In addition, four DE-lncRNAs were found to be 
significant in the ceRNA network and serve as potential 
biomarkers of IS. Their expression was verified in a model 
of permanent middle cerebral artery occlusion (MCAO). 
Finally, the function of lncRNA AU020206 was perfor-
med using an oxygen-glucose deprivation (OGD) cell 
model. This research offered further proof that IS exists, 
and it may open up a new treatment option for IS patients.

2. Materials and Methods
2.1. Data acquisition

The Gene Expression Omnibus database (http://www.
ncbi.nlm.nih.gov/geo) provided the transcriptome profile 
of the control tissues and IS tissues (GSE137482) [12]. 
This dataset includes 12 IS and 6 normal samples of C57 
BL/6 mice. 28 miRNAs related to IS were acquired from 
the study of Cai et al. [13].

2.2. Identification of DEGs
After the transcriptome profile of IS and the normal 

groups normalized, the expression of differentially ex-
pressed-protein coding RNAs (DE-pcRNAs) and DE-ln-
cRNAs were analyzed via DEseq2 R package (threshold: 
adjp-value < 0.05 and fold change ≥ 1.5.

2.3. WGCNA
Using the WGCNA, a free-scale gene co-expression 

network was built [14, 15]. A co-expression network for 
every gene in IS and normal abdominal aorta samples was 
created using the "WGCNA" R package.

2.4. Functional enrichment analysis
The "clusterprofiler" R software package was used to 

perform GO and KEGG enrichment analysis in order to 
investigate the possible biological process and enrichment 
route of DEGs. The standard of statistical significance is 
that the adjusted P-value is less than 0.05. [16, 17]. 

2.5. Construction of lncRNA-based ceRNA network
The StarBase (http://starbase.sysu.edu.cn/) was used 

to predict miRNA-pcRNA, lncRNA–miRNA interaction 
information [18]. Then, using Cytoscape (version v3.7.2, 
https://cytoscape.org/), the miRNAs that controlled both 
mRNA and lncRNA were chosen for the creation of the 
ceRNA network.

2.6. Animals and mouse MCAO model
We bought twelve C57BL/6J female mice (8–9 weeks 

old, 22–25 g) from Shanghai SLAC Laboratory Animal 
Co. Ltd. (Shanghai, China). After one week of adaptive 
feeding, the mice were used to construct the MCAO mo-
del, as described earlier [19] In short, mice were anesthe-
tized with a mixture of isoflurane and O2/N2. Next, care-
fully thread an upward-pointing 6-0 nylon monofilament 
suture into the internal carotid artery from the external 
carotid artery. After reperfusion, the mice were subjec-
ted to deep anesthesia and their brains were obtained for 
further analysis. The sham surgery was also performed in 
control mice [20]. Every animal experiment was carried 
out in compliance with the Second Affiliated Hospital of 
Nanchang University's authorized procedure.

2.7. QRT-PCR
Using TRIzol, RNA was isolated from cells or tissues. 

Using Nano drop 2000C, the concentration and purity of 
RNA were determined. RNA were reverse transcripted 
into cDNA using PCR kit. Then qRT-PCR reaction was 
conducted according to the following settings: 95°C 35 s, 
60°C 30 s, 95°C 10 s, 65°C 5 s. After the reaction, the am-
plification curve and fusion curve were confirmed, and the 
2-∆∆Ct value to represent the relative expression of mRNA 
was calculated. Primers synthesized by Fuzhou Shangya 
Biosynthesis (Fuzhou, China) are shown in Table 1.

2.8. OGD cell model
Mouse microglial line BV2 was purchased from Merck 

millipore (#scc103, Darmstadt, Germany) and cultured 
in DMEM (# a4192101, GIBCO, Rockville, MD, USA) 
containing 10% fetal bovine serum (#16000044, GIBCO, 
Rockville, MD, USA), 100 U/ml penicillin and 100 g/ml 
streptomycin. The microglia were treated with 1 × PBS for 
rinsing twice, and then the cells were cultured with Earle’s 
balanced salt solution in a 0.5% O2, 94.5% N2, 5% CO2 
incubator at 37°C for 2 h. Subsequently, the cell culture 
medium of OGD group and normal group was replaced 
with normal culture medium, and cultured at 37°C for 12 
h.

2.9. Cell transfection
Corresponding lentiviruses expressing sequence siR-

NAs specific to lncRNA AU020206 were designed and 
synthesized by Fuzhou Shangya Biosynthesis (Fuzhou, 
China) to knockdown lncRNA AU020206 in BV2 cells. 
Si-NC was used as the negative control. Transfections 
were conducted by using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). 

Gene name Sequence (5'-3')

β-actin
F: CTCCATCCTGGCCTCGCTGT
R: GCTGTCACCTTCACCGTTCC

AU020206
F: GGATGATAGACTCTGGCCAGG
R: CCCACTAAACAAAAATGCCTCT

Brip1os
F: ACCAGCCACGCAACCTAAC
R: CCCTCCAAGTCCCATCCAG

F630028O10Rik
F: AAGACAAAGGCACCACTTCAATG
R:CCACCAGCAGTTTTCTAAAGGATG

9530082P21Rik
F: CCTGGCCTTTGCTTGGGATA
R: TAGCAGGACTCAGGAGCCAT

Table 1. Specific RNAs primers for quantitative qRT-PCR analysis.

https://cytoscape.org/
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correlation between modules and IS condition, 2118 hub 
genes with strong correlation between modules and stroke 
occurrence were screened (module membership value > 
0.8 and gene significance value > 0.8 as the screening cri-
teria) (Figure 2E).

3.3. Functional enrichment analysis of common DEGs 
Then, we conducted Venn analysis to acquire more cre-

dible DE-pcRNAs and DE-lncRNAs. As shown in Figure 
S1, 1600 common DE-pcRNAs and 26 DE-lncRNAs were 
identified. GO analysis contains biological processes (BP) 
(Figure 3A), cell components (CC) (Figure 3B), and mole-
cular functions (MF) (Figure 3C). The top 10 significantly 

2.10. Statistical analysis 
All experimental data were obtained through three in-

dependent experiments using Statistic Package for Social 
Science (SPSS) 17.0 software (SPSS Inc., Chicago, IL, 
USA). The measurement data are expressed in terms of 
mean±SD, and the significance between two groups was 
calculated by t-test. P<0.05 indicates statistical signifi-
cance.

3. Results
3.1. Identification of the DE-pcRNAs and DE-lncRNAs 
in IS 

To screen the difference in molecular expression 
between IS tissue and normal tissue, DE-pcRNAs and DE-
lncRNAs were identified. A total of 2200 DE- pcRNAs 
were obtained, which includes 1703 up-regulated and 497 
down-regulated DE- pcRNAs (Figure 1A). Besides, we 
also identified 41 DE- lncRNAs including 29 up-regulated 
and 12 down-regulated genes (Figure 1B). Furthermore, 
to understand the expression distribution of DEGs in-
between the IS group and the normal group, hierarchical 
cluster algorithm analysis on DE- pcRNAs and DE-lncR-
NAs was performed and shown in the heat maps, respecti-
vely (Figure 1C and D).

3.2. WGCNA analysis identified the key module of IS 
profiling

To investigate the co-expression network most highly 
related to IS progression, WGCNA analysis was conduc-
ted according to 24 samples in GSE137482 datasets 
(Figure 2A). A power of β =4 (scale-free R2 = 0.9) was 
chosen for the soft-thresholding parameter to ensure the 
network (Figure 2B), and seven modules in the condition 
were detected. Thereafter, the turquoise module including 
5841 genes was found to have the highest correlation with 
IS condition (turquoise, r=0.95, p=3e-12) (Figure 2C, D). 
The turquoise module was thus selected as the important 
module for further examination. Then, by comparing the 

Fig. 3. Functional enrichment analyses of the common DE-pcRNAs. 
(A-C) The top 10 enriched biological process (BP) (A), cellular com-
ponent (CC) (B), and molecular function (MF) (C) of the common 
DE-pcRNAs. (D) The KEGG pathway analysis of the common DE-
pcRNAs.

Fig. 2. WGCNA analysis identified the key module of ischemic stroke 
profiling. (A) Sample’s clustering was conducted based on the expres-
sion data of differentially expressed genes between ischemic stroke 
and normal samples. (B) Relationship between scale-free topology 
model and soft thresholds powers (β). Relationship between the mean 
connectivity and various soft thresholds (powers). (C) Heat map of 
the correlation between module traits and disease condition, age and 
group, respectively. (D) The correlation between genes significance 
and condition in the module. (E) The correlation of module member-
ship in turquoise module and gene significance for condition.

Fig. 1. Identification of the DEGs in ischemic stroke. (A-B) Volcano 
plot differentially expressed – protein-coding RNA (DE-pcRNAs) 
(A) and DE-LncRNAs (B) between permanent middle cerebral artery 
occlusion (MCAO) and normal group in dataset GSE137482. (C-D) 
Heat map of DE-pcRNAs (C) and DE-lncRNAs (D) between per-
manent middle cerebral artery occlusion (MCAO) group and normal 
group in dataset GSE137482.
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enriched terms including the generation of cytokines and 
cell adhesion are positively regulated, and regulation of 
vasculature development was remarkably enriched in BP 
(Figure 3A), cytokine receptor activity, cytokine binding 
and immune receptor activity were enriched in MF (Figure 
3C). Besides, we also carried out KEGG pathways ana-
lysis of DE-pcRNAs. The results showed that lipid and 
atherosclerosis, chemokine signaling pathway, platelet 
activation and so on pathways were remarkably enriched 
(Figure 3D). These results indicate that the cytokine may 
regulated by common DE- pcRNAs and are significant in 
the progress of IS [21].

3.4. Identification and validation of lncRNAs in ceRNA 
network

Using Starbase, a ceRNA network containing pcRNAs, 
lncRNAs, and miRNAs was created to study the interac-
tions between DEGs [18]. A total of 1600 common DE-
pcRNAs and 26 common DE-lncRNAs were acquired 
from previous results. In addition, 28 miRNAs related to 
IS were obtained from research of Cai et al [13]. As shown 
in Figure 4, the ceRNA network included 49 DE-pcRNAs, 
4 DE-miRNAs, and 4 DE-lncRNAs, in which we found 
that DE-lncRNAs AU020206, Brip1os, F630028O10Rik 
and 9530082P21Rik can bind to miRNA in the network. 
Nevertheless, the effect of these four lncRNAs on the IS 
has not been reported yet. Thereafter, we performed qRT-
PCR for further validation in MCAO. As shown in Figure 
5, the relative expression of lncRNAs AU020206, Brip1os, 
F630028O10Rik and 9530082P21Rik were significantly 
increased in MCAO model groups compared to control 
groups. Furthermore, we carried out the GO enrichment 
analysis based on the pcRNAs involved in ceRNA network 
to investigate the function of the four lncRNAs. The GO 
terms including endothelium development/ differentiation, 
response to wounding, T cell activation, etc. in BP were si-
gnificantly enriched (Figure S2A). Additionally, there was 
a substantial enrichment in signaling pathways related to 
lipid and atherosclerosis, fluid shear stress and atheroscle-
rosis, and focal adhesion (Figure S2B).

3.5. Knockdown of lncRNA AU020206 inhibited micro-
glia apoptosis in OGD model

Among the four DE-lncRNAs above, lncRNA 
AU020206 showed the most significant differences. Then, 

we knocked down the expression of lncRNA AU020206 
using siRNA1 and siRNA2 in microglia. The results of 
qRT-PCR revealed that both the two siRNAs effectively 
suppressed the level of lncRNA AU020206 in the micro-
glia (Figure 6A). The result of annexin V/PI analysis de-
monstrated that OGD caused microglia apoptosis, and the 
apoptosis rate was higher than normal group (Figure 6B 
and C). Knockdown of lncRNA AU020206 significantly 
inhibited microglia apoptosis in OGD cells (Figure 6B and 
C). These data suggested that knockdown of AU020206 
protects microglia from apoptosis.

4. Discussion
IS is an acute brain injury that accounts for about 80% 

of all strokes and is the leading cause of morbidity and 
mortality worldwide. [2, 22, 23]. Notably, IS has become 
an increasing social and public health burden in the world. 
Increasing evidence indicates that the pathophysiologi-

Fig. 5. Validation of the relative expression level of lncRNAs 
AU020206, Brip1os, F630028O10Rik and 9530082P21Rik in MCAO 
model and normal group by qRT-PCR. **P<0.01, ***P<0.001.

Fig. 6. Knockdown of lncRNA AU020206 inhibited microglia apop-
tosis in OGD model. (A) QRT-PCR revealed that both the two siR-
NAs effectively suppressed the level of lncRNA AU020206 in the mi-
croglia. (B) Apoptosis was determined by annexin V-FITC/PI staining 
assay. **P<0.01, **P<0.001.

Fig. 4. Construction of CeRNA network. In the network, the purple 
circle indicates pcRNAs, the orange arrow indicates lncRNA, and the 
green diamond indicates miRNAs.
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cal processes in IS have been the primary concern [24]. 
Nevertheless, the diagnostic biomarkers associated with 
IS that may have clinical utility remain elucidated. In this 
present study, we carried out the integrated bioinforma-
tics analysis to screen out the DEGs in IS based on the 
RNA-seq dataset downloaded from GEO database. The 
WGCNA was used to identify gene modules under both IS 
and normal circumstances and to build a free-scale gene 
co-expression network, and related module was used to 
identify candidate biomarkers in IS. A Total of 1600 com-
mon DE-pcRNAs and 26 DE-lncRNAs were screened. 

Using novel technologies like RNA-seq, deep sequen-
cing, and microarrays, the majority of aberrantly expressed 
lncRNAs have been found in IS patients or animals that 
have been injured by ischemia [24-26]. More and more 
evidences have suggested that lncRNAs that acting as 
ceRNAs function as crucial mediators to regulate the pa-
thogenesis of IS [23]. For example, the lncRNA Malat1 
acts as a ceRNA to modulate PTEN expression and sponge 
miR-205-3p to control apoptosis in IS and to contribute 
to bebeerine-mediated suppression of HMGB1 in post-
stroke inflammation [27, 28]. According to Gai et al., the 
miR-126/SOX6 signaling pathway is how lncRNA CHRF 
controls the development of IS [29]. In this case, a lncR-
NA-mediated ceRNA network was built for more research 
using the common DE-pcRNAs, DE-lncRNAs, and DE-
miRNAs. 

The cytokines in experimental stroke and are therefore 
potential targets in future stroke therapy [21]. The acti-
vation of the immune system contributes significantly to 
the development of IS pathology [30]. Chemokine could 
induce the directional migration of cell; they control the 
chemotaxis of immune cells. GO analysis indicated the 
significantly enriched terms including positive regulation 
of cytokine production was significantly enriched in biolo-
gical process, cytokine receptor activity, cytokine binding 
and immune receptor activity were significantly enriched 
in molecular function. Besides, chemokine pathway was 
also enriched, indicating that the cytokine may regulated 
by common DE- pcRNAs and are significant in the pro-
gress of IS [21]. 

For the first time, we identified these four lncRNAs as 
potential biomarkers for IS, including lncRNA AU020206, 
Brip1os, F630028O10Rik and 9530082P21Rik, which 
have not been reported in IS yet. Zhang et al. indicated that 
Brip1os, AU020206, are potential therapeutic targets for 
atherosclerosis [31], which is consistent with our KEGG 
results that the pathways like fluid shear stress and athe-
rosclerosis, lipid and atherosclerosis were significantly 
enriched. Qin et al. revealed that F630028O10Rik (abbre-
viated as F63) is a novel lncRNA that was significantly 
up-regulated in tumors isolated from mice [32]. Besides, 
lncRNA-F630028O10Rik was indicated to be promoted 
by TLR4 after spinal cord injury and promoted microglial 
pyroptosis [33]. As for 9530082P21Rik, is a novel lncR-
NA that have never been reported before. The expression 
of these lncRNAs showed enhanced expression in MCAO 
model. These lncRNAs were suggested to be associated 
with endothelium development/ differentiation, response 
to wounding, T cell activation in biological process by GO 
enrichment analysis. These findings contribute to a better 
understanding of the roles and processes of lncRNAs in 
IS.

5. Conclusion
In conclusion, we constructed an lncRNA-media-

ted ceRNA network and verified the expression of 
lncRNAs AU020206, Brip1os, F630028O10Rik and 
9530082P21Rik. What’s more, we preliminarily demons-
trated the function of lncRNA AU020206 in an OGD cell 
model. Further investigating the functions and mecha-
nisms of the lncRNA AU020206 in biological systems 
may lead to opportunities for providing novel therapeutic 
targets of IS.

Conflict of interests
The author has no conflicts with any step of the article 
preparation. 

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
No human or animals were used in the present research.

Informed consent
The authors declare not used any patients in this research. 

Availability of data and material 
The datasets used and analyzed during the current study 
are available from the corresponding author on reasonable 
request.

Author contributions
Sihui Song, Zhihua Chen and Jianming Zhu designed the 
research. Sihui Song, Zhihua Chen and Qiang Liu perfor-
med the experiments. Sihong Shu and Jianwei Lei visua-
lized the results. Sihui Song and Jianming Zhu wrote ma-
nuscript. Jianming Zhu provided experimental resource. 
All authors reviewed and approved the final manuscript.

Funding
None.

References 

1. Wu M, Gu X, Ma Z (2021) Mitochondrial Quality Control in 
Cerebral Ischemia-Reperfusion Injury. Mol Neurobiol 58:5253-
5271. doi: 10.1007/s12035-021-02494-8

2. Xu S, Lu J, Shao A, Zhang JH, Zhang J (2020) Glial Cells: Role of 
the Immune Response in Ischemic Stroke. Front Immunol 11:294. 
doi: 10.3389/fimmu.2020.00294

3. Fu J, Yu Q, Xiao J, Li S (2021) Long noncoding RNA as a bio-
marker for the prognosis of ischemic stroke: A protocol for me-
ta-analysis and bioinformatics analysis. Medicine (Baltimore) 
100:e25596. doi: 10.1097/MD.0000000000025596

4. Urdaneta AE, Bhalla P (2019) Cutting Edge Acute Ischemic 
Stroke Management. Emerg Med Clin North Am 37:365-379. doi: 
10.1016/j.emc.2019.03.001

5. Li J, Liu D, Hua R, Zhang J, Liu W, Huo Y et al (2014) Long non-
coding RNAs expressed in pancreatic ductal adenocarcinoma and 
lncRNA BC008363 an independent prognostic factor in PDAC. 
Pancreatology 14:385-390. doi: 10.1016/j.pan.2014.07.013

6. Riva P, Ratti A, Venturin M (2016) The Long Non-Coding RNAs 
in Neurodegenerative Diseases: Novel Mechanisms of Pathoge-
nesis. Curr Alzheimer Res 13:1219-1231. doi: 10.2174/15672050
13666160622112234



147

Inhibiting AU020206 aids ischemic stroke microglia survival.                                                                                                                                        
                      

           Cell. Mol. Biol. 2024, 70(3): 142-147

7. Luan X, Wang Y (2018) LncRNA XLOC_006390 facilitates cer-
vical cancer tumorigenesis and metastasis as a ceRNA against 
miR-331-3p and miR-338-3p. J Gynecol Oncol 29:e95. doi: 
10.3802/jgo.2018.29.e95

8. Farzaneh M, Anbiyaee O, Azizidoost S, Nasrolahi A, Ghaedrah-
mati F, Kempisty B et al (2023) The Mechanisms of Long Non-
coding RNA-XIST in Ischemic Stroke: Insights into Functional 
Roles and Therapeutic Potential. Mol Neurobiol doi: 10.1007/
s12035-023-03740-x

9. Khoshnam SE, Moalemnia A, Anbiyaee O, Farzaneh M, Ghaderi 
S (2023) LncRNA MALAT1 and Ischemic Stroke: Pathogenesis 
and Opportunities. Mol Neurobiol doi: 10.1007/s12035-023-
03853-3

10. Chen F, Zhang L, Wang E, Zhang C, Li X (2018) LncRNA GAS5 
regulates ischemic stroke as a competing endogenous RNA for 
miR-137 to regulate the Notch1 signaling pathway. Biochem Bio-
phys Res Commun 496:184-190. doi: 10.1016/j.bbrc.2018.01.022

11. Zhang L, Luo X, Chen F, Yuan W, Xiao X, Zhang X et al (2018) 
LncRNA SNHG1 regulates cerebrovascular pathologies as a com-
peting endogenous RNA through HIF-1alpha/VEGF signaling in 
ischemic stroke. J Cell Biochem 119:5460-5472. doi: 10.1002/
jcb.26705

12. Androvic P, Kirdajova D, Tureckova J, Zucha D, Rohlova E, 
Abaffy P et al (2020) Decoding the Transcriptional Response 
to Ischemic Stroke in Young and Aged Mouse Brain. Cell Rep 
31:107777. doi: 10.1016/j.celrep.2020.107777

13. Cai Y, Zhang Y, Ke X, Guo Y, Yao C, Tang N et al (2019) Trans-
criptome Sequencing Unravels Potential Biomarkers at Different 
Stages of Cerebral Ischemic Stroke. Front Genet 10:814. doi: 
10.3389/fgene.2019.00814

14. Huang K, Maruyama T, Fan G (2014) The naive state of human 
pluripotent stem cells: a synthesis of stem cell and preimplanta-
tion embryo transcriptome analyses. Cell Stem Cell 15:410-415. 
doi: 10.1016/j.stem.2014.09.014

15. Bao L, Guo T, Wang J, Zhang K, Bao M (2020) Prognostic genes 
of triple-negative breast cancer identified by weighted gene co-ex-
pression network analysis. Oncol Lett 19:127-138. doi: 10.3892/
ol.2019.11079

16. Dennis GJ, Sherman BT, Hosack DA, Yang J, Gao W, Lane HC 
et al (2003) DAVID: Database for Annotation, Visualization, and 
Integrated Discovery. Genome Biol 4:P3.

17. Huang DW, Sherman BT, Tan Q, Kir J, Liu D, Bryant D et al 
(2007) DAVID Bioinformatics Resources: expanded annotation 
database and novel algorithms to better extract biology from large 
gene lists. Nucleic Acids Res 35:W169-W175. doi: 10.1093/nar/
gkm415

18. Li JH, Liu S, Zhou H, Qu LH, Yang JH (2014) starBase v2.0: 
decoding miRNA-ceRNA, miRNA-ncRNA and protein-RNA in-
teraction networks from large-scale CLIP-Seq data. Nucleic Acids 
Res 42:D92-D97. doi: 10.1093/nar/gkt1248

19. Xu Q, Guohui M, Li D, Bai F, Fang J, Zhang G et al (2021) lncR-
NA C2dat2 facilitates autophagy and apoptosis via the miR-30d-
5p/DDIT4/mTOR axis in cerebral ischemia-reperfusion injury. 
Aging (Albany Ny) 13:11315-11335. doi: 10.18632/aging.202824

20. Xu Q, Deng F, Xing Z, Wu Z, Cen B, Xu S et al (2016) Long 
non-coding RNA C2dat1 regulates CaMKIIdelta expression to 
promote neuronal survival through the NF-kappaB signaling pa-
thway following cerebral ischemia. Cell Death Dis 7:e2173. doi: 
10.1038/cddis.2016.57

21. Lambertsen KL, Biber K, Finsen B (2012) Inflammatory cyto-
kines in experimental and human stroke. J Cereb Blood Flow 
Metab 32:1677-1698. doi: 10.1038/jcbfm.2012.88

22. Cassidy JM, Cramer SC (2017) Spontaneous and Therapeutic-In-
duced Mechanisms of Functional Recovery After Stroke. Transl 
Stroke Res 8:33-46. doi: 10.1007/s12975-016-0467-5

23. Cui P, McCullough LD, Hao J (2021) Brain to periphery in acute 
ischemic stroke: Mechanisms and clinical significance. Front 
Neuroendocrinol 63:100932. doi: 10.1016/j.yfrne.2021.100932

24. Akella A, Bhattarai S, Dharap A (2019) Long Noncoding RNAs 
in the Pathophysiology of Ischemic Stroke. Neuromolecular Med 
21:474-483. doi: 10.1007/s12017-019-08542-w

25. Bao MH, Szeto V, Yang BB, Zhu SZ, Sun HS, Feng ZP (2018) 
Long non-coding RNAs in ischemic stroke. Cell Death Dis 9:281. 
doi: 10.1038/s41419-018-0282-x

26. Li S, Zheng H, Chen L, Xu C, Qu X, Qin Z et al (2019) Expres-
sion Profile and Potential Functions of Circulating Long Nonco-
ding RNAs in Acute Ischemic Stroke in the Southern Chinese 
Han Population. Front Mol Neurosci 12:290. doi: 10.3389/fn-
mol.2019.00290

27. Cao DW, Liu MM, Duan R, Tao YF, Zhou JS, Fang WR et al 
(2020) The lncRNA Malat1 functions as a ceRNA to contribute 
to berberine-mediated inhibition of HMGB1 by sponging miR-
181c-5p in poststroke inflammation. Acta Pharmacol Sin 41:22-
33. doi: 10.1038/s41401-019-0284-y

28. Gao Q, Wang Y (2020) Long noncoding RNA MALAT1 regulates 
apoptosis in ischemic stroke by sponging miR-205-3p and modu-
lating PTEN expression. Am J Transl Res 12:2738-2748. 

29. Gai HY, Wu C, Zhang Y, Wang D (2019) Long non-coding RNA 
CHRF modulates the progression of cerebral ischemia/reperfu-
sion injury via miR-126/SOX6 signaling pathway. Biochem Bio-
phys Res Commun 514:550-557. doi: 10.1016/j.bbrc.2019.04.161

30. Li S, Cao Y, Zhang H, Lu X, Wang T, Xu S et al (2021) Construc-
tion of lncRNA-Mediated ceRNA Network for Investigating Im-
mune Pathogenesis of Ischemic Stroke. Mol Neurobiol 58:4758-
4769. doi: 10.1007/s12035-021-02426-6

31. Zhang C, Zhang X, Gong Y, Li T, Yang L, Xu W et al (2020) Role 
of the lncRNA-mRNA network in atherosclerosis using ox-low-
density lipoprotein-induced macrophage-derived foam cells. Mol 
Omics 16:543-553. doi: 10.1039/d0mo00077a

32. Qin L, Zhong M, Adah D, Qin L, Chen X, Ma C et al (2020) A 
novel tumour suppressor lncRNA F630028O10Rik inhibits lung 
cancer angiogenesis by regulating miR-223-3p. J Cell Mol Med 
24:3549-3559. doi: 10.1111/jcmm.15044

33. Xu S, Wang J, Jiang J, Song J, Zhu W, Zhang F et al (2020) TLR4 
promotes microglial pyroptosis via lncRNA-F630028O10Rik by 
activating PI3K/AKT pathway after spinal cord injury. Cell Death 
Dis 11:693. doi: 10.1038/s41419-020-02824-z


