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Abstract: Ischemic stroke (IS) is a leading cause of mortality and disability worldwide. However, 
the treatments for ischemic stroke remained inadequate. The mechanisms underlying ischemic stroke 
are still not completely understood. the present study identified 19 lncRNAs related to stroke 
recovery by analyzing a public dataset GSE37587. A co-expression network included 24 lncRNAs, 
1668 mRNAs and 3542 edges were constructed in the present study. Bioinformatics analysis showed 
these lncRNAs were involved in regulating multiple biological processes and pathways, such as 
mRNA nonsense-mediated decay, translation, cell-cell adhesion. Three lncRNAs, including DLEU1, 
LOC432369, and LOC338799, were identified as key lncRNAs in stroke. Bioinformatics showed 
DLEU1 was involved in regulating oxidative phosphorylation, and ubiquitin-mediated proteolysis. 
LOC432369 was associated with oxidative phosphorylation. LOC338799 was associated with 
clathrin-dependent endocytosis, the establishment of organelle localization and ribonucleoprotein 
complex assembly. We thought this study could provide useful information to understand the 
mechanisms underlying stroke progression. 
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1. Introduction 

Ischemic stroke (IS) is a leading cause of mortality and disability worldwide [1]. However, the 
treatments for ischemic stroke remained inadequate. The mechanisms underlying ischemic stroke are 
still not completely understood. In the past decades, several miRNAs and protein coding genes had 
been demonstrated to be related to the progression of stroke. For example, the expression levels of 
miRNA-221-3p, miRNA-382-5p, miRNA-4271 in serum and circulating exosomal miRNA-223 
could serve as biomarkers for stroke [2]. Inhibition of miRNA-27b enhances neurogenesis via 
AMPK activation in a mouse ischemic stroke model [3]. Underlying mechanisms of stroke could be 
useful to develop new therapeutic biomarkers for Ischemic stroke. 

Long non-coding RNAs (lncRNAs) were a type of lncRNAs, whose length was longer than 200 
bps and had no protein coding function. Emerging studies indicated lncRNAs played crucial roles in 
the progression of human diseases. LncRNAs modulated downstream targets through epigenetic, 
transcriptional and posttranscriptional levels. A few lncRNAs were found to be associated with the 
progression of stroke. For example, LncRNA-N1LR promoted neuroprotection against ischemic 
stroke probably by suppressing p53 phosphorylation [4]. LncRNA H19 promoted neuroinflammation 
in ischemic stroke by driving HDAC1-Dependent M1 Microglial Polarization [5]. Several 
bioinformatics analyses constructed lncRNAs related to regulatory networks in ischemic stroke. 
Zheng et al. identified LINC00265, LINC00473, NEXN-AS1, HCG17, and MEG8 as important 
lncRNAs biomarkers in ischemic stroke [6]. However, the roles of lncRNAs in stroke remained 
unclear. 

In present study, we analyzed a public dataset GSE37587 [7] to identify differentially expressed 
lncRNAs and mRNAs after stroke recovery in ischemic stroke patients. Next, a lncRNA 
co-expression network was constructed to identify key lncRNAs related to stroke recovery. 
Bioinformatics analysis was conducted to explore the potential functions of these lncRNAs in stroke. 

2. Material and method 

2.1. Microarray data 

We analyzed the GSE37587 dataset to identify differently expressed mRNAs and lncRNAs after 
stroke recovery, which was downloaded from the GEO database (www.ncbi.nlm.nih.gov/geo/). A 
total of 34 ischemic stroke patients within 24 hours from known onset of symptom and again at 
24–48 hours after onset were included in the GSE37587 dataset. We used two ways of paired t-test to 
identify key genes. Genes having fold changes ≥ 2 and P values < 0.05 were selected as of 
significantly differential expression. 

2.2. GO & KEGG pathway analysis 

To identify functions of DEGs in IS, we performed GO function enrichment analysis in 3 functional 
ontologies: biological process (BP), cellular component (CC) and molecular function (MF). KEGG 
pathway enrichment analysis was also performed to identify pathways enriched in IS using DAVID 
system (https://david.ncifcrf.gov/). The p-value was calculated by hypergeometric distribution and a 
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pathway with p < 0.05 was considered as significant. 

2.3. Functional enrichment analysis of genes in the hub modules 

The number of genes in the critical modules was put in the order from high to low gene 
significance scores. Then, functional enrichment analysis was conducted on these genes in these 
modules. GO Biological Process term and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analyses were conducted using Cytoscape plug-in ClueGo. Functional enrichment analysis 
was based on the cut-off value of P-value < 0.05. 

2.4. Co-expression network construction and analysis 

In this study, the Pearson correlation coefficient of differentially expressed gene (DEG)-lncRNA 
pairs was calculated according to the expression value of them. The co-expressed DEG-lncRNA 
pairs with the absolute value of Pearson correlation coefficient ≥ 0.5 were selected and the 
co-expression network was established by using Cytoscape software. 

 

Figure 1. The gene expression levels of the differentially expressed mRNAs and 
lncRNAs across samples. 

3. Results 

3.1. Screening the differently expressed mRNAs and lncRNAs associated with stroke recovery 

In order to provide insight into the potential mechanisms associated with the stroke recovery, we 
analyzed the GSE37587 dataset to identify differently expressed mRNAs and lncRNAs after stroke 
recovery (shown in Figure 1). A total of 34 ischemic stroke patients within 24 hours from known 
onset of symptom and again at 24–48 hours after onset were included in the GSE37587 dataset. 
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Genes having fold changes ≥ 2 and P values < 0.05 were selected as of significantly differential 
expression. Totally, 3546 mRNAs were identified as differently expressed mRNAs. Among them, 
1686 mRNAs were found to be up-regulated and 1654 mRNAs were found to be down-regulated in 
follow-up stroke groups compared to baseline stroke groups. Hierarchical clustering showed 
systematic variations in the expression of mRNAs after stroke recovery. 

The expression values of heatmap are scaled by mRNAs and lncRNAs. The samples with 
Follow-up and Baseline are represented by the bands with red and green, respectively. 

Next, we identified differently expressed lncRNAs after stroke recovery. We found 19 lncRNAs 
were dysregulated. Our results showed that FAM10A6, CDRT15P, MGC10997, FAM10A4, EPR1, 
RNF5P1, HLA-H, NAG18, LOC338799, RNF126P1, SIGLECP3 were up-regulated and KLKP1, 
CYP2B7P1, LOC432369, FTHL8, UBE2MP1 and DLEU1 were down-regulated in follow-up stroke 
groups compared to baseline stroke groups (Figure 2). 

Dot-plot assayed for the expression levels of the 17 expressed lncRNAs between Follow-up and 
Baseline samples. (A) FAM10A6, (B) CDRT15P, (C) MGC10997, (D) FAM10A4, (E) EPR1, (F) 
RNF5P1, (G) HLA-H, (H) NAG18, (I) LOC338799, (J) RNF126P1, (K) SIGLECP3 were 
up-regulated and (L) KLKP1, (M) CYP2B7P1, (N) LOC432369, (O) FTHL8, (P) UBE2MP1 and (Q) 
DLEU1 were down-regulated. The baseline and follow-up samples are green and red. *P < 0.05, **P 
< 0.01, ***P < 0.001. 

3.2. Co-expression network analysis 

Next, we constructed dysregulated lncRNA-mRNA co-expression networks to reveal the 
potential roles of lncRNAs in stroke recovery. Only the lncRNA-mRNA pairs with the absolute value 
of Pearson correlation coefficient ≥ 0.45 were selected for network construction. As present in Figure 
3, 24 lncRNAs, 1668 mRNAs and 3542 edges were included in this network. 

Three lncRNAs, including DLEU1, LOC432369, LOC338799 were identified to play crucial 
roles in this network. More than 350 mRNAs were regulated by these lncRNAs. 

3.3. Functional annotation of differentially expressed lncRNAs in ischemic stroke 

Based on co-expression networks, we performed bioinformatics analysis for differentially 
expressed lncRNAs by using the set of co-expressed mRNAs. The biological processes analysis 
showed lncRNAs were involved in regulating mRNA nonsense-mediated decay, translation, cell-cell 
adhesion, proteasome-mediated ubiquitin, mRNA splicing, via spliceosome, protein 
polyubiquitination, viral process, autophagy, rRNA processing, and macroautophagy (Figure 4A). 
Molecular function analysis showed these lncRNAs were involved in regulating protein binding, 
poly(A) RNA binding, structural constituent of ribosome, RNA binding, cadherin binding involved 
in cell-cell adhesion, retinoid X receptor binding, identical protein binding, chaperone binding, 
protein serine/threonine phosphatase activity, and ubiquitin-protein transferase activity (Figure 4B).. 
Cell competent analysis showed these lncRNAs were associated with cytosol, membrane, 
nucleoplasm, ribosome, mitochondrion, mitochondrial inner membrane, nucleus, extracellular 
exosome, cytoplasm, and cell-cell adherens junction (Figure 4C). 

KEGG pathway analysis showed these lncRNAs were associated with ribosome, oxidative 
phosphorylation, ubiquitin mediated proteolysis, biosynthesis of amino acids, spliceosome, carbon 
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metabolism, viral carcinogenesis, 2-oxocarboxylic acid metabolism, proteasome, and lysosome 
(Figure 4D). 

 

Figure 2. Differentially expressed lncRNA across samples. 
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Figure 3. Construction of co-expression network between mRNAs and LncRNAs. 
Co-expression network analysis of miRNAs-mRNAs in baseline and follow-up samples. 
The lncRNAs and mRNAs points are colored by red and blue. 

 

Figure 4. A-C are shown as GO analysis result. D are shown as KEGG analysis result. 
The predicted biological functions for lncRNAs. (A) Biological process analysis, (B) 
Molecular function analysis, (C) Cell competent analysis, (D) KEGG pathway analysis. 
The height of each bar represents the -log10-transformed P-value. The GO terms are 
listed below the bars. 
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Figure 5. Analysis of Cytoscape's ClueGo plug-in with lncRNAs. Bioinformatics 
analysis of key lncRNAs hub network. 

3.4. Bioinformatics analysis of key lncRNAs in ischemic stroke 

The present study identified DLEU1, LOC432369, LOC338799 as key lncRNAs in ischemic 
stroke by regulating more than 350 mRNAs. However, the potential roles of these lncRNAs in 
ischemic stroke remained to be further investigated. 

We next performed a bioinformatics analysis of these lncRNAs in ischemic stroke based on their 



1325 
 

Mathematical Biosciences and Engineering  Volume 17, Issue 2, 1318–1328. 

co-expressing mRNAs using Cytoscape's ClueGo plug-in (Figure 5). The pathways with p  ≤  0.05 
were considered to be significant. Our results showed DLEU1 was associated with oxidative 
phosphorylation, spliceosome, ribosome, protein processing in endoplasmic reticulum, 
ubiquitin-mediated proteolysis. LOC432369 was associated with oxidative phosphorylation. 
LOC338799 was associated with clathrin-dependent endocytosis, the establishment of organelle 
localization and ribonucleoprotein complex assembly. These analyses indicated that these pathways 
were referred to GO analysis. 

4. Discussion 

LncRNAs had been demonstrated as key regulators involved in human disease progression [8]. 
Emerging studies reported lncRNAs played their roles in human diseases by modulating downstream 
targets through epigenetic, transcriptional and posttranscriptional levels. For instance, lncRNA 
Lnczc3h7a binds to TRIM25 and promotes RIG-I-mediated antiviral innate immune responses [9]. 
LncRNA MALAT1 interacted with and inactivated the pro-metastatic transcription factor TEAD to 
suppress breast cancer metastasis [10]. Stroke is one of the leading causes of death and disability 
worldwide. A few lncRNAs were found to be associated with the progression of stroke. For example, 
LncRNA-N1LR promoted neuroprotection against ischemic stroke probably by suppressing p53 
phosphorylation. Suppressing of MALAT1 attenuated neuronal cell death though inhibiting 
Beclin1-dependent autophagy in ischemic stroke [11]. LncRNA-1810034E14Rik reduced microglial 
activation in experimental ischemic stroke [12]. Of note, several bioinformatics analyses revealed 
several lncRNAs related to regulatory networks in ischemic stroke. However, the roles of lncRNAs 
in stroke remained unclear.  

The present study found 19 lncRNAs were dysregulated after stroke recovery. Moreover, we 
constructed a lncRNAs-mRNAs co-expression network, including 24 lncRNAs, 1668 mRNAs and 
3542 edges. Bioinformatics analysis revealed these lncRNAs were involved in regulating multiple 
biological processes and pathways, such as mRNA nonsense-mediated decay, translation, cell-cell 
adhesion. Of note, we identify 3 key lncRNAs that were associated with the recovery progression of 
stroke, including DLEU1, LOC432369, LOC338799. Our results showed DLEU1 was associated 
with oxidative phosphorylation, spliceosome, ribosome, protein processing in endoplasmic reticulum, 
ubiquitin-mediated proteolysis. Of note, ubiquitin mediated proteolysis had been reported to play a 
crucial role in the development of stroke. For example, Wu et al, found upregulated genes in stroke 
patients were found to be involved in the MyD88-independent pathway and in UBE2V1-TRAF6 
ubiquitin-mediated proteolysis [13]. Cheng et al. found Smoking regulating genes in blood of 
patients with ischemic stroke was also involved in regulating ubiquitin-mediated proteolysis [14]. 
LOC432369 was associated with oxidative phosphorylation. Very interestingly, a recent study 
showed that oxidative phosphorylation was related to stroke. Biffi et al. found that genetic variation 
of oxidative phosphorylation genes was related to stroke [15]. LOC338799 was associated with 
clathrin-dependent endocytosis, establishment of organelle localization and ribonucleoprotein 
complex assembly. 

Among these lncRNAs, DLEU1 was reported as an important regulator in the progression of 
multiple human diseases, such as cancers, Sezary syndrome, and sclerosis [16,17]. DLEU1 played as 
an oncogenetic lncRNAs in multiple cancers, such as bladder cancer, cervical cancer, non-small cell 
lung cancer, pancreatic ductal adenocarcinoma, colorectal cancer, oral cancer, and endometrial cancer. 
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For example, DLEU1 promotes the development of endometrial cancer by sponging miR-490 to 
regulate SP1 expression [16]. DLEU1 promotes tumorigenesis of endometrial carcinoma by targeting 
mTOR. The present study showed DLEU1 was involved in regulating oxidative phosphorylation and 
ubiquitin-mediated proteolysis by regulating ATP6V0A2 and ATP5I. LOC338799 [18], known as 
LINC01089, had been reported to be related to syndromic intellectual disability and breast cancer 
[19]. LOC338799 is a novel metastasis inhibiting lncRNA suppressed by EGF and downregulated in 
aggressive breast cancer [20]. A microdeletion in LOC338799 was associated with syndromic 
intellectual disability [21]. This study showed LOC338799 was involved in the regulation of 
clathrin-dependent endocytosis, ribonucleoprotein complex assembly in the stroke.  

Several limitations of this study should be noted. First, further validation of key mRNAs and 
lncRNAs in clinical samples could strengthen the importance of this manuscript. Second, the 
molecular functions of key mRNAs and lncRNAs in regulating stroke recovery remained unclear. 
The further investigation of their functional roles and underlying mechanisms in stroke recovery 
were still need. 

5. Conclusion 

In conclusion, the present study identified 19 lncRNAs related to stroke recovery by analyzing a 
public dataset GSE37587. A co-expression network included 24 lncRNAs, 1668 mRNAs and 3542 
edges were constructed in present study. Bioinformatics analysis showed these lncRNAs were 
involved in regulating multiple biological processes and pathways, such as mRNA 
nonsense-mediated decay, translation, cell-cell adhesion. Three lncRNAs, including DLEU1, 
LOC432369, and LOC338799, were identified as key lncRNAs in stroke. Bioinformatics showed 
DLEU1 was involved in regulating oxidative phosphorylation, and ubiquitin-mediated proteolysis. 
LOC432369 was associated with oxidative phosphorylation. LOC338799 was associated with 
clathrin-dependent endocytosis, establishment of organelle localization and ribonucleoprotein 
complex assembly. We thought this study could provide useful information to understand the 
mechanisms underlying stroke progression.  
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