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Abstract : [Objective] To unearth novel circRNA-miRNA-mRNA network and potential drugs in ischemic stroke.
[Methods] Data from the GEO database were utilized, focusing on three datasets (GSE115697, GSE51586, and
GSE137482) that examine RNA expression levels in middle cerebral artery occlusion (MCAO) mouse models.
Differentially expressed mRNA (DEmRNA), DEcircRNA, and DEmiRNA were identified using the Limma package in R.
A comprehensive strategy combining bioinformatics tools such as MiRWalk and StarBase was employed to identify
circRNA-miRNA-mRNA networks associated with ischemic stroke. Hub sub—networks were screened and visualized using

Cytoscape software. Functional analyses of the ceRNA networks were performed using Gene Ontology (GO) enrichment
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and Kyoto Encyclopedia of Genes and Genomics (KEGG) pathway analysis, with pathways containing more than 10
enriched genes and an false discovery rate (FDR) < 0.05 considered statistically significant. Lastly, the Connectivity Map
(CMap) was applied to identify potential therapeutic drugs for ischemic stroke and the MCAO model was established in
wild—type mice to verify the therapeutic effect. [Results] Totally, 1,249 DEmRNA, 294 DEmiRNA and 70 DEcircRNA
were identified and it was found that 3 circRNA-miRNA-mRNA networks might be closely related to ischemic stroke.
Based on these findings, Austricine, Metyrapone and Desoxypeganine were the most likely drugs that able to reverse the
changes caused by stroke-related ceRNA networks. Metyrapone, taken as an example, was validated to improve

neurological function damage on the first (P=0.001 4) and second (P=0.016 1) days post-surgery and reduce infarct

volume (P=0.004 9) , thereby exerting a neuroprotective effect in ischemic stroke. [ Conclusions] Our study provides a

novel insight into the pathogenesis and therapy of ischemic stroke from the perspective of circRNA-miRNA-mRNA

regulatory network. The three drugs predicted in our research provide new clues for the treatment of ischemic stroke.
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A:Volcano map of DEG in the GSE137482 (mRNA) dataset. B: Volcano map of DEG in the GSE51586 (miRNA) dataset. C:Volcano map of DEG in

the GSE115697 (circRNA) dataset. Red dots represented up-regulated genes while blue ones represented down-regulated. DEmRNA were selected

with the cutoff criteria of FDR < 0.01 and llog2FCI>2. DEcircRNA and DEmiRNA were selected with the cutoff criteria of P<<0.05. DEG: differently

expressed gene.
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The blue rectangles, yellow circles and red arrows indicated mRNA, circRNA and miRNA respectively. This circRNA-miRNA-mRNA network
was comprised of 161 mRNA, 72 miRNA and 22 circRNA.
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Fig. 2 Construction of ceRNA network in ischemic stroke

mRNA mRNA
A\ miRNA mm¥iR-1962 A" miRNA
= GircRNA mmuXyfiR-485-5p  mmUYhiR-103-3p GircRNA
Y| N Tmem252 mmuvR-3100-5p mmulvR-149-5p
//// \\ = iR- -
” — | mmuagiR-337-3p mmuNgiR-3089-3p
e N —
N\ mﬂMiR-15a-5p mmiPfiR-4660-3p
mmuYiR-883a-3p mmgmiR-1981-3p Myfu-miR-877-3p L
\\\ /’/
N el
“ y
N e
\\\\ /// A
oy
mmu_circ_0001529

mmuiR-3101-3p

mmMR-34c-5p
miglét-7d-5p mmURhiR-3064-5p B
mmVliR-761
mRNA
A\ miRNA
irc_0001123 mmu_cii circRNA
C
mRNA
'y miRNA
circRNA
mmu_circ_0001123
: o,
mmu mé%}?-&ﬂ-&pr&nﬁ*-ﬂaép
: \\
g ~—Ccdaooid Myho D
A: The sub—network selected by MCODE. B: Top 20 genes in CytoHubba degree score. C: Top 20 genes in CytoHubba closeness score. D: Top 20
genes in CytoHubba EPC score.
B3 ERm R IR A iZDF R 2% B 07 i

Fig.3 Identification of hub sub—network in ischemic stroke
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Fig. 4 Functional analysis of ischemic stroke-related ceRNA networks
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Connectivity score Drug Description
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9993 metyrapone cytochrome P450 inhibitor, 11-beta ysteroi inhibitor,
9993 austricine hypolipidemic

9989 nicergoline adrenergic receptor antagonist

-99.89 temozolomide DNA alkylating drug, DNA damage inducer, DNA inhibitor, topoisomerase inhibitor
9989 BRD-KI4048378 Iysophospholipid receptor agonist
-99.86 i i i inhibitor, mi stabilizing agent, mitosis inhibitor

9986 isoxicam cyclooxygenase inhibitor

99.86  lidocaine histamine receptor agonist, voltage-gated sodium channel modulator
9986 fluoropyruvate PDH inhibitor

9982 diethylearbamazine  lipoxygenase inhibitor

99.82  necrostatin-1 RIPK inhibitor, indoleamine 2,3-dioxygenase inhibitor

-99.79 sildenafil
-99.78 VX-222

phosphodiesterase inhibitor
HCYV inhibitor, RNA-directed RNA polymerase inhibitor
9975 homochlorcyclizine  antihistamine

9975 zileuton leukotriene synthesis inhibitor, lipoxygenase inhibitor
9972 phentolamine adrenergic receptor antagonist
9972 clofibrate PPAR receptor agonist
9972 danazol

9972 spiperone dopamine receptor antagonist

99.72 i porter inhibitor, adrenergic transmitter uptake inhibitor

-99.68 rucaparib PARP inhibitor
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99.65  guanfacine

99.65  piperidolate acetylcholine receptor antagonist

99.61  butoconazole cell wall synthesis inhibitor, sterol demethylase inhibitor
9961 actarit interleukin receptor agonist
9951 evoxine antagonist of strychnine and pentylenetrazole; enhances effects of narcoties

receptor antagonist

estrogen receptor antagonist, luteinizing hormone releasing hormone antagonist, progesterone receptor agonist, steroid derivative with antigonadotropic and anti-estrogenic activities, tumor necrosis factor modulato

EGFR inhibitor, EGFR antagonist, epidermal growth factor receptor (EGFR) inhibitor, receptor tyrosine protein kinase inhibitor, tyrosine kinase inhibitor

adrenergic receptor agonist, HCN (hyperpolarization activated cyclic nucleotide gated) channel blocker

More negative in connectivity score means the higher possibility to reverse the DEG. CMap: connectivity map.
El5 CMap ¥ mnLER
Fig.5 Drug prediction analysis from CMap
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Table 1 Results of stroke—related hub ceRNA network

Correlation
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Pclaf  0.02 2.76
miR-485-5p, mmu-miR-1962
mmu-miR-103-3p, mmu-miR-149-5p, mmu-miR-485-5p, mmu—
Hmgb2  0.00 1.22
miR-3064-5p, mmu-miR-1962
mmu-miR-103-3p, mmu-miR-149-5p, mmu-miR-485-5p, mmu—
Igsf6 0.00 1.16
miR-3064-5p, mmu-miR-1962
mmu-miR-3100-5p, mmu-miR-485-5p,
Aqgpl 0.04 1.20

mmu-miR-3064-5p

correlation score = circRNA Fold Change * mRNA Fold Change. correlation score >0 means the pair of ceRNA increase or decrease

simultaneously.
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A: Schematic diagram depicts the middle cerebral artery occlusion mouse model. B: Modified neurological severity score of mice treated with

vehicle or metyrapone at 1 and 2 days after surgery. P=0.001 4, "P=0.016 1, compared with vehicle group, respectively. n=4 per group. MeansSD,

student” s t—test. C:Infarct volume and edema index were measured with TTC staining.”P=0.004 9, “P=0.632 5, compared with vehicle group. n=4 per

group. Means=SD, student’s t—test. Veh: mice treated with vehicle. Met: mice treated with Metyrapone.
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