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Abstract.

Background: Cerebral ischemic stroke is caused due to neurovascular damage or thrombosis, leading to neuronal dysfunction,
neuroinflammation, neurodegeneration, and regenerative failure responsible for neurological deficits and dementia. The valid
therapeutic targets against cerebral stroke remain obscure. Thus, insight into neuropathomechanisms resulting from the
aberrant expression of genes appears to be crucial.

Objective: In this study, we have elucidated how neurogenesis-related genes are altered in experimental stroke brains from
the available transcriptome profiles in correlation with transcriptome profiles of human postmortem stroke brain tissues.
Methods: The transcriptome datasets available on the middle cerebral artery occlusion (MCAo) rat brains were obtained from
the Gene Expression Omnibus, National Center for Biotechnology Information. Of the available datasets, 97 samples were
subjected to the meta-analysis using the network analyst tool followed by Cytoscape-based enrichment mapping analysis.
The key differentially expressed genes (DEGs) were validated and compared with transcriptome profiling of human stroke
brains.

Results: Results revealed 939 genes are differently expressed in the brains of the MCAo rat model of stroke, in which 30
genes are key markers of neural stem cells, and regulators of neurogenic processes. Its convergence with DEGs from human
stroke brains has revealed common targets.
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Conclusion: This study has established a panel of highly important DEGs to signify the potential therapeutic targets for

neuroregenerative strategy against pathogenic events associated with cerebral stroke. The outcome of the findings can be

translated to mitigate neuroregeneration failure seen in various neurological and metabolic disease manifestations with

neurocognitive impairments.
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INTRODUCTION

Cerebral stroke is an abrupt neuropathogenic
complication, associated with disruption of the neu-
rovascular compartments, abnormal cranial blood
flow, or thrombosis in the brain [1]. Cerebral stroke
represents the second leading cause of death and
induces neurological disability in a significant num-
ber of individuals worldwide [2, 3]. Clinically,
cerebral stroke has been characterized by altered
neurotransmission, neuroinflammation, and neuronal
oxidative damage in the functional areas of the brain.
The grey matter of the brain tissue is highly vul-
nerable to the ischaemic lesion, and the resulting
neuropathogenic changes vary among different areas
of the brain, depending upon the neural density
and neurovascularization [2]. The pathogenic events
of cerebral stroke lead to comorbid neurological
motor deficits, paralysis, and neurocognitive impair-
ments including dementia [4]. The onset of ischemic
stroke causes various neuropathogenic changes, par-
ticularly necrosis, apoptosis, and reactive fibrosis in
the infarct zones of the brain [5]. The basal gan-
glia of the brain, particularly the striatum appears
to be highly vulnerable to stroke-mediated neuronal
damage [6, 7]. Hence, the prominent neuronal loss
noticed in the striatum has been linked to para-
Iytic attacks and motor deficits in stroke patients [8].
The recombinant tissue plasminogen activator has
been considered as a possible management therapy
for ischemic stroke with a therapeutic window of
less than 4.5h from the onset of the clinical symp-
toms [9]. However, no definite medical cure has
been available for cerebral stroke. Therefore, the
establishment of valid remedial measures and neu-
ral regenerative attempts for the clinical management
of ischemic stroke is crucial. Adult neurogenesis is
an innate ability of the brain that continuously pro-
duces new neurons throughout life to maintain and
support various forms of neuroplasticity including
cognition [10]. Adult neurogenesis occurs predom-
inantly in two major stem cell niches of the brain,
namely the subgranular zone in the dentate gyrus

of the hippocampus and the subventricular zone
(SVZ) located along the lateral ventricle walls of
the brain [11, 12]. The regulation of neurogenesis in
the adult brain has been linked to various neurocog-
nitive functions including movement and memory
[13]. Notably, the neural stem cell-derived neurob-
lasts in the SVZ appears to migrate to the infarct
zone of the stroke brains [14]. Thus, these migra-
tory events of neuroblasts to the infarct zone in the
stroke brains have been considered as the regenerative
and endogenous repair mechanisms as it can support
the functional recovery in post-stroke conditions [15].
However, the fate of the migrated neuroblasts in the
ischemic striatum and other vulnerable brain regions
remains unknown. Considering facts, the underly-
ing pathomechanisms resulting from the abnormal
expression of genes related to aberrant neurogenic
events in stroke brains remain to be fully deter-
mined.

Recent scientific advancements in omics-based
strategies, microarray, RNA-seq, and other transcrip-
tome technologies have become highly instrumental
in recognizing the druggable targets in many dis-
eases [16]. However, transcriptional approaches and
integrated genomics analysis determining pathogenic
changes in cerebral stroke appear to be highly limited.
A meta-analysis of available transcriptome data in
identifying the differentially expressed genes (DEGs)
in the stroke brain appears to be crucial for the
moment. However, the availability of cerebral stroke-
related transcriptome data in humans appears to be
highly limited. Thus, differential gene expression
datasets established from the experimental middle
cerebral artery occlusion (MCAo0) models of stroke in
Rattus norvegicus have been considered as a poten-
tial alternative in this study. Eventually, a cascade
of integrated in-silico meta-analysis revealed a panel
of abnormal expression of neurogenic markers and
dysregulated signaling pathways of neurogenic pro-
cesses in the brains of subjects with cerebral stroke.
This study has established a panel of highly rele-
vant DEGs to signify the potential therapeutic targets
for neuroregenerative strategy against pathogenic
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Table 1

Inclusion criteria considered for the study

Species Rattus norvegicus

Strain Sprague-Dawley, Wistar

Sex Male

Age 3-20 months (majority of the sample was in the
adult age group, i.e., above 6 months)

MCAO0 Occlusion period 60 min, 90 min, 120 min, permanent

Sample collection period after MCAo

3 hto 7 days (majority of the sample was
collected within the first 3 days)

Any model comprising pre-treatment before MCAo was not considered for the study.

Table 2
Summary of transcriptome data used in this study
Datasets No. of Samples Platform References
Sham MCAo
GSE97537 5 7 GPL1355 Rat230-2 Affymetrix Rat Genome 230 2.0 Unpublished
Array Submission
GSE78731 5 5 GPL15084 Agilent-028279 SurePrint G3 Rat GE [61]
8x60K Microarray (Probe Name version)
GSE52001 3 3 GPL14746 Agilent-028282 Whole Rat Genome [62]
Microarray 4 x 44K v3 (Probe Name version)
GSE61616 5 5 GPL1355 Rat230_2 Affymetrix Rat Genome 230 2.0 [63]
Array
GSE33725 6 6 GPL7294 Agilent-014879 Whole Rat Genome [64]
Microarray 4x44K G4131F (Probe Name version)
GSE17929 2 4 GPL85 RG_U34A Affymetrix Rat Genome U34 Array [65]
/Il GPL341 RAE230A Affymetrix Rat Expression 230A
Array
GSE36010 8 8 GPL7294 Agilent-014879 Whole Rat Genome [66]
Microarray 4x44K G4131F (Probe Name version)
GSE23651 8 8 GPL6101 Illumina ratRef-12 v1.0 expression beadchip Unpublished
Submission
GSE46267 1 8 GPL6101 Illumina ratRef-12 v1.0 expression beadchip [67]

Total Samples 43 54

events associated with cerebral stroke. The result
obtained from this study can be translated to mit-
igate neurocognitive impairments seen in various
neuropathogenic conditions including dementia.

MATERIALS AND METHODS
Collection of microarray data

An online search was carried out in the
Gene Expression Omnibus, National Center for
Biotechnology Information (GEO-NCBI) using the
keywords “MCA0” and “stroke” in Rattus norvegi-
cus. Ten microarray datasets of experimental cerebral
stroke generated from Agilent, Affymetrix, and Illu-
mina platforms were scrutinized. From which, 97
samples (43 sham control brains versus 54 MCAo
brains) were included in this study. Throughout the
study, only the ipsilateral cortex of the rat brain was

considered. The inclusion criteria considered for the
study have been supplied in Table 1. Details about the
collected datasets are listed in Table 2. An overview
of the meta-analysis conducted in this study has been
illustrated in Fig. 1.

Data processing

Series matrix files were downloaded from the
appropriate datasets listed in NCBI, and the well-
matched data sets were processed for the multiple
gene expression table analysis using Network analyst
3.0. (https://www.networkanalyst.ca/) [17, 18], while
the non-compatible datasets were processed using
SOURCE batch search [19] and mapped with the
appropriate ENTREZ gene ID. The probes that did
not match with an ENTREZ ID were independently
aligned after careful verifications and uploaded along
with previously mapped ENTREZ genes to net-
work analyst software to obtain the profile of DEGs.
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Fig. 1. Overview of the enrichment analysis process. Synopsis of a meta-analysis conducted in this study. 10 microarray datasets comprising
a total of 97 samples were chosen from the NCBI GEO webpage. Datasets were annotated with Entrez id to facilitate compatibility in
network analyst 3.0 software. After validation, the data were uploaded to Network analyst software, where the samples were normalized and
subjected to meta-analysis, thus obtaining the resulting ranked differentially expressed gene list comprising 939 genes. The differentially
expressed genes between sham and MCAo stroke-affected animals were subjected to enrichment analysis through Cytoscape, WebGestalt
and string analysis.
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The study batch effect among different datasets was
adjusted using the combat option [20].

Preparation of differentially expressed genes list

In network analysis, the experimental datasets
were normalized by variance stabilizing normaliza-
tion followed by quantile normalization to minimize
the variations (Fig. 2) [21]. The normalized datasets
were subjected to meta-analysis in order to identify
the DEGs among MCAo and sham rat brain sam-
ples. The meta-analysis was carried out using Fisher’s
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method with a significance set at the p-value of 0.01
[22, 23]. The resulting output produced a ranked list
of DEGs. This ranked gene list was further used for
pathway enrichment analysis.

Pathway enrichment analysis of differentially
expressed genes list

The ranked gene list containing DEGs, and the
Gene Ontology (GO): BioProcess (BP) rat GMT
file were uploaded to gene set enrichment analysis
(GSEA) [24]. Further, the resulting GSEA ranked file
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Fig. 2. Normalization of datasets. Normalization of transcriptome data. A) Total intensity distribution among microarray datasets before and
after normalization is shown. B) Variation in intensity values from each sample before and after normalization is shown.
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was uploaded to the following software modules for
various data analyses.

WebGestalt-based establishment of differentially
expressed gene clusters

WEB-based GEne SeT Analysis Toolkit
(WebGestalt) is an online-based enrichment analysis
software, useful in analyzing clusters of hits in
enriched metabolic and signaling pathways similar
to the Kyoto Encyclopedia of Genes and Genomes
(KEGG) [25]. The ranked file containing DEGs was
uploaded to the WebGestalt software and multiple
highly significant clusters of DEGs were generated
to reveal their involvement in biological process
related to neurogenesis.

Enrichment map in Cytoscape

Next, to explore the interactomics of DEGs among
sham and MCAo groups, the GSEA ranked file
was uploaded to the enrichment map application in
Cytoscape. The resulting Q-value was adjusted to
0.01 and the edge cut-off was increased to 0.75. Fur-
ther, the layout was adjusted to defined data and the
resulting pathways were annotated. Nodes of interest
were selected to observe the list of altered gene lists
under the specific GO node.

Gene Ontology comparison analysis

The list of DEGs and the highest interacting pro-
teins obtained from the Cytoscape analyses were
then subjected to functional relationship parame-
ters and Venn diagram assessments with previously
available GO. The ontology libraries chosen for
analyses were i) neurogenesis (G0O:0022008), ii)
neuroblast proliferation (GO:0007405), iii) neuronal
migration (GO:0001764), iv) neuronal differenti-
ation (GO:0030182), v) regulation of cell cycle
(GO:0051726), and vi) neuroinflammatory response
(GO:0150076).

Network analyst-based studies

For the interaction between DEGs and miRNAs,
two kinds of analyses were carried out using the list
of DEGs in the network analyst’s visual module. The
transcription factor (TF)-miRNA interactome anal-
ysis revealed non-coding miRNA interaction with
the important DEGs uploaded. Uploading the data to
protein-protein interaction analysis helped in obtain-
ing a string database-based interactome map [26].

Comparison assessment with human stroke data

For a brief comparison of DEGs in MCAo con-
dition with the human situation with stroke, the
GSE162955 dataset from NCBI Geo was considered,
as the dataset contained ischemic stroke microar-
ray data among 6 samples. Since, the dataset used
Affymetrix Human Transcriptome Array 2.0, for
efficient analysis, Transcriptome Analysis Console
(TAC)-4.0 software was used to plot infarct hemi-
sphere samples against healthy hemisphere samples
with filtration criteria set at fold change value of 2,
and p<0.05 [27].

RESULTS

Alteration in the gene expression profiling in
stroke brains

An overview of the meta-analysis from 97 sam-
ples from microarray datasets revealed that 939 genes
were differentially expressed in the MCAo group
compared to that of the sham control. The list of
DEGs with their Combined Tstat scores are given in
the Supplementary Material, where the lower Com-
binedTstat score corresponds to upregulation of the
gene expression, and higher score corresponds to
downregulated gene expression in MCAo animals.
The study revealed that the expressions of 369 genes
were found to be upregulated, while the downregula-
tion of 570 genes was evident in the MCAo group
with a minimum combined p-value of 5.1732E-6
(Fisher’s test, with p set at 1%). The genes like
galectin 3 (LGALS3), translocator protein (TSPO),
TIMP metallopeptidase inhibitor 1 (TIMP1), cluster
of differentiation 14 (CD14), and heat shock protein
family B (small) member 1 (HSPB1) were found to
be significantly upregulated in the MCAo group than
the sham group. In contrast, the phosphoinositide-3-
kinase regulatory subunit 2 (PIK3R?2) was identified
as the most significantly downregulated gene fol-
lowed by proprotein convertase subtilisin/kexin type
2 (PCSK2), beta-1,4-N-acetyl-galactosaminyl trans-
ferase 1 (B4GALNT1), C-X3-C motif chemokine
ligand 1 (CX3CL1), and solute carrier family 6
member 1 (SLC6A1) in the MCAo group. The top
50 upregulated and top 50 downregulated genes
in the MCAo group are listed in Tables 3 and
4 respectively. Further, subcellular localizations of
DEGs responsible for the cell cycle parameters
and various pathogenic events in MCAo condi-
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Table 3

List of top 50 upregulated genes in MCAo brain identified through transcriptome meta-analysis

Gene Name Entrez id CombinedTstat
LGALS3 galectin 3 83781 -217.89
TSPO translocator protein 24230 -206.96
TIMP1 TIMP metallopeptidase inhibitor 1 116510 —-196.16
CD14 CD14 molecule Source:RGD Symbol;Acc:620588 60350 —194.96
HSPB1 heat shock protein family B (small) member 1 24471 —-191.16
GFAP glial fibrillary acidic protein In multiple Geneids -187.73
CD63 Cd63 molecule 29186 —-186.66
C1QC complement Clq C chain 362634 —-181.31
HMOX1 heme oxygenase 1 24451 —-180.39
RIPK3 receptor-interacting serine-threonine kinase 3 246240 -178.3
CCL2 C-C motif chemokine ligand 2 24770 -172.5
ARPC1B actin related protein 2/3 complex, subunit 1B 54227 -168.72
ATF3 activating transcription factor 3 25389 —168.66
S100A4 S100 calcium-binding protein A4 In multiple Geneids -168.12
LITAF lipopolysaccharide-induced TNF factor In multiple Geneids —-165.64
ANXA1 annexin Al In multiple Geneids -164.9
HCK HCK proto-oncogene, Src family tyrosine kinase 25734 -164.47
TNFRSF1A TNF receptor superfamily member 1A 25625 -163.26
IFITM3 interferon induced transmembrane protein 3 361673 -162.77
ICAM1 intercellular adhesion molecule 1 25464 -160.78
PTPN6 protein tyrosine phosphatase, non-receptor type 6 116689 -160.7
C1S complement Cls 192262 -159.03
VIM vimentin 81818 —158.62
TBXASI1 thromboxane A synthase 1 24886 -157.81
GADD45A growth arrest and DNA-damage-inducible, alpha 25112 -157.48
TGFB1 transforming growth factor, beta 1 59086 —155.89
PSMB9 proteasome 20S subunit beta 9 24967 —-153.44
CAPG capping actin protein, gelsolin like 297339 -153.19
PLA2G4A phospholipase A2 group IVA In multiple Geneids -152.19
IER3 immediate early response 3 294235 —-149.84
CD48 Cd48 molecule 245962 —149.09
GRN granulin precursor 29143 —-148.19
CASP1 caspase 1 25166 —147.52
LY86 lymphocyte antigen 86 291359 -146.6
CTSL cathepsin L 25697 -146.41
MYC MYC proto-oncogene, bHLH transcription factor 24577 —-146.14
STAT3 signal transducer and activator of transcription 3 25125 —144.69
PSME2 proteasome activator subunit 2 29614 —144.02
ANXA3 annexin A3 25291 —140.37
MGP matrix Gla protein 25333 —140.35
PCNA proliferating cell nuclear antigen 25737 -138.9
DYNLT1 dynein light chain Tctex-type 1 83462 -137.9
IL18 interleukin 18 29197 -137.5
P2RY6 pyrimidinergic receptor P2Y6 117264 -136.78
CTSC cathepsin C 25423 -136.49
LGALS3BP galectin 3 binding protein 245955 —-132.14
FGR FGR proto-oncogene, Src family tyrosine kinase 79113 —-130.06
P4HB prolyl 4-hydroxylase subunit beta 25506 —-129.66
RBP1 retinol binding protein 1 25056 -129.14
CTSB cathepsin B 64529 —-128.67

tion have been identified using WebGestalt-based
analyses.

WebGestalt-based analysis revealed dysregulations
in regeneration nodes in MCAo condition

The DEGs were classified into specific readable
clusters based on their biological processes, cellular

components, and molecular functions in pathogenic
MCAOo conditions using WebGestalt based on GO
and enrichment analysis. The normalized enrich-
ment scores against each bioprocess were denoted
in Fig. 3A. GO revealed that 50% of the DEGs were
involved in various biological regulations, while less
than 15% of the DEGs were specifically identified to
be involved in cell proliferation. Most of these DEGs
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List of top 50 downregulated genes in MCAo brain identified through transcriptome meta-analysis

Gene Name Entrez id CombinedTstat
PIK3R2 phosphoinositide-3-kinase regulatory subunit 2 29741 127.2
PCSK2 proprotein convertase subtilisin/kexin type 2 25121 121.37
B4GALNT1 beta-1,4-N-acetyl-galactosaminyl transferase 1 64828 121.04
CX3CL1 C-X3-C motif chemokine ligand 1 89808 120.76
SLC6A1 solute carrier family 6 member 1 79212 118.59
ATP2B2 ATPase plasma membrane Ca2+ transporting 2 24215 118.25
GRINI glutamate ionotropic receptor NMDA type subunit 1 24408 117.46
THY1 Thy-1 cell surface antigen 24832 117.15
KCNVI potassium voltage-gated channel modifier subfamily V member 1 60326 116.7
SCNI1B sodium voltage-gated channel beta subunit 1 29686 115.96
NEU2 neuraminidase 2 29204 115.39
LIN7B lin-7 homolog B, crumbs cell polarity complex component 60377 114.26
NPY5R neuropeptide Y receptor Y5 25340 113.95
ST3GAL2 ST3 beta-galactoside alpha-2,3-sialyltransferase 2 64442 113.65
VSNL1 visinin-like 1 24877 113.4
ATP1Al ATPase Na+/K+ transporting subunit alpha 1 24211 112.52
CAMK2N1 calcium/calmodulin-dependent protein kinase II inhibitor 1 287005 111.85
CLECI11A C-type lectin domain containing 11A 29313 111.07
PTK2B protein tyrosine kinase 2 beta 50646 111.03
PDEIB phosphodiesterase 1B 29691 110.69
DLXS distal-less homeobox 5 25431 110.59
B3GAT1 beta-1,3-glucuronyltransferase 1 117108 110.16
PLCBI1 phospholipase C beta 1 24654 108.99
VAMP1 vesicle-associated membrane protein 1 25624 108.88
CHRM4 cholinergic receptor, muscarinic 4 25111 108.53
DHCR7 7-dehydrocholesterol reductase 64191 107.78
GRIA3 glutamate ionotropic receptor AMPA type subunit 3 29628 106.39
SHISA4 shisa family member 4 360848 106.14
PDE2A phosphodiesterase 2A 81743 105.91
PRKAR2B protein kinase cAMP-dependent type II regulatory subunit beta 24679 105.86
SLC4A3 solute carrier family 4 member 3 24781 105.47
NRGN neurogranin 64356 105.07
DBNI1 drebrin 1 81653 104.96
NPTN neuroplastin 56064 104.93
MCF2L MCE.2 cell line derived transforming sequence-like 117020 104.78
GRIN2A glutamate ionotropic receptor NMDA type subunit 2A 24409 103.02
KCNJ4 potassium inwardly-rectifying channel, subfamily J, member 4 116649 102.97
KALRN kalirin, RhoGEF kinase 84009 102.46
SYT2 synaptotagmin 2 24805 102.26
GFRA2 GDNF family receptor alpha 2 In multiple Geneids 102.18
OPCML opioid binding protein/cell adhesion molecule-like 116597 101.75
KCNAB2 potassium voltage-gated channel subfamily A regulatory beta subunit 2 29738 101.74
FGF14 fibroblast growth factor 14 63851 100.31
NEFM neurofilament medium 24588 99.746
TRIMS54 tripartite motif-containing 54 362708 99.65
STXBP1 syntaxin binding protein 1 25558 99.618
AKAP5 A-kinase anchoring protein 5 171026 98.686
ATP2A2 ATPase sarcoplasmic/endoplasmic reticulum Ca2+ transporting 2 29693 98.431
NR4A1 nuclear receptor subfamily 4, group A, member 1 79240 97.132
RAB3A RAB3A, member RAS oncogene family 25531 96.975

were found to be predominantly localized in the mem-
brane, and nucleus, and fewer in extracellular matrix,
and ribosomes. In the MCAo group, the clusters
of DEG with molecular functions related to protein
binding were more enriched when compared to oxy-
gen binding and other interactions were least enriched
(Fig. 3B). The directed acyclic graph was also con-
structed to visualize the interaction of enriched gene

ontology as schematically depicted in Fig. 3C. The
KEGG-based molecular function analysis indicated
significant upregulation in nodes related to regener-
ation, and the immune effector process, while genes
involved in the regulation of trans-synaptic signal-
ing and glutamate receptor signaling pathway among
others were altered in MCAo stroke brain (Fig. 3B).
Elucidation of the node with genes with reference
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Fig. 3. Gene ontology classification, pathway enrichment analysis- clusters of highly significant pathways based on KEGG database, acyclic
graph of enriched processes based on GO biological processes. WebGestalt outputs. A) Pathway enrichment analysis of DEGs between
MCAo and Sham animals, resulting in multiple clusters of significantly altered pathways based on KEGG database. B) Gene ontology
classification. Each bar represents an ontology category and the heigh signifies the number of DEGs observed under each category. C)
Branching graph depicts functional interaction between various GO categories, where the steel blue colored categories are positively related

while the deep orange-colored categories are negatively related.

to regeneration revealed that genes that are involved
in intrinsic and extrinsic regulation of neurogenesis
such as glial fibrillary acidic protein (GFAP), trans-
forming growth factor-beta 1 (TGF-B1), proliferating
cell nuclear antigen (PCNA), and jaggedl (JAG1)
were significantly upregulated in the brains of exper-
imental subjects with MCAo stroke.

Cytoscape-based enrichment mapping and GO
comparison revealed prominent dysregulation in
the expression of neurogenic makers and
regulators in MCAo condition

Cytoscape enrichment map analysis of the GSEA
enriched gene list revealed abnormalities in various
signal transduction pathways, in which prominent
dysregulation of molecular pathways of the neuro-

genic process has been highly evident as it passed a
q value of 0.01 (Fig. 4). The data indicated the ele-
vated expressions of the genes that are detrimental to
the regulation of neurogenesis in the MCAo group.
The DEGs under the regeneration node are displayed
in Table 5 along with the fold-change score (Com-
binedTstat), where lower the value corresponds to
higher the expression in the MCAo group. The major-
ity of the shortlisted DEGs are found to play a signif-
icant role in the regulation of adult neurogenesis.

Validation of alteration in the expression of genes
related to neurogenesis in MCAo condition by
GO comparison

Venn diagram analysis of 939 DEG with appropri-
ate GO was carried out and the outcome the results
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(CombinedTstat =65.16) appears to be significantly
downregulated in the MCAo condition. Further, 17
DEGs were found to be associated with the migration
of neuroblasts (GO: Neuron migration) that includes
phospholipase A2 activating protein (PLAA),

(PTN) were found to be significantly altered in gonadotropin-releasing hormone 1 (GNRH1), and
signal transducer and activator of transcription-3

the MCAo condition. To note, the expression
(STAT3). Meta-analysis revealed significant down-

of TGF-B1 (CombinedTstat=-155.89) is signifi-
cantly upregulated, while the expression of PTN regulation of GNRH1 (CombinedTstat=39.72) and

were denoted in Table 6. The DEG list overlap-
ping with GO: Neurogenesis revealed 166 altered
expressions of genes related to neurogenic processes.
With reference to GO: neuroblast proliferation, 6
genes such as CX3CL1, TGFB1, and pleiotrophin
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Table 5
Majorly altered genes related to neurogenesis
obtained from Cytoscape enrichment map

Gene Combined Tstat
THY1 117.15
NRIDI1 95.17
CDKS5 82.8
STXI1B 76.62
NOG 74.74
CNTN4 70.94
PTN 65.16
EPHA7 63.97
CNTN2 60.96
GDFl11 57.76
GNRH1 39.72
PAFAHIBI1 -38.55
SYT4 -39.08
FKBP4 -44.99
CALR -63.3
IDH2 -67.54
CD24 -81.23
JAG1 -82.33
PMP22 -83.38
ID1 -86.77
ARF6 -87.13
CD38 -95.75
COL3A1 -102.35
LGALS1 -120.2
DYNLT1 -137.9
STAT3 —144.69
TGFB1 -155.89
VIM —-158.62
GFAP -187.73
TSPO -206.96

a significant upregulation of STAT3 (CombinedT-
stat=-144.69), both attributed to improvement in
the chances of neuroblast migration in MCAo con-
dition. Next, expressions of 130 genes related to
GO: neuron differentiation were also found to be
altered in the MCAo condition. The expression
of Neuronal differentiation-1 (Neurodl) (Com-
binedTstat=78.801), Fasciculation and elongation
protein zeta-1 (FEZ1) (CombinedTstat="78.226),
suppressor of cytokine signaling-2 (SOCS2) (Com-
binedTstat=75.286), Contactin-4 (CNTN4) (Com-
binedTstat =58.293), Growth differentiation factor-
11 (GDF11) (CombinedTstat =57.759), Contactin-2
(CNTN2) (CombinedTstat=53.043), Mechanistic
target of rapamycin Kinase (mTOR) (CombinedT-
stat=43.593), SH3 Domain Containing GRB2
Like 3, Endophilin A3 (SH3GL3) (CombinedT-
stat=43.274), Microtubule Associated Protein-1B
(MAP1B) (CombinedTstat =37.003) are downregu-
lated in MCAo condition. In contrast, the expressions
of Calreticulin (CALR) (CombinedTstat=-71.614),
Jagged-1 (JAG1) (CombinedTstat=-68.159), Bone

morphogenetic protein-2 (BMP2) (CombinedT-
stat=-57.386) and Nerve growth factor receptor
(NGFR) (CombinedTstat =—49.317) were noticed to
be increased (Table 6).

Interaction among neurogenic regulators and
with miRNAs in MCAo condition

TF-miRNA interactome analysis revealed that TFs
like Neurodl, Vimentin (Vim), and Aquaporin-4
were found to be interacting with different miR-
NAs (Fig. 5). These TFs have been known to be
the crucial regulators of adult neurogenesis [28-30].
TF-miRNA interactome analysis revealed that trans-
gelin (Tagln) (Expression: —=91.4), Vim (Expression:
—158.62), Visinin-like protein-1 (Vsnl1l) (Expression:
113.4), Integrin subunit beta-1 (Itgbl) (Expres-
sion: —109.38), Neurodl (Expression: 86.53) were
highest interacting transcription factors. Besides,
rno-mir-124-3p, rno-mir-290, and rno-mir-29b-3p
were found to be the highest interacting miRNAs
in the MCAo condition. PPI analysis was also car-
ried out to establish the relationship among the
DEGs. The “zero-order” PPI network contained
163 nodes with 255 interacting edges among them.
AKT serine/threonine kinase-1 (Akt1) with between-
ness centrality =5808.71, degree =22, and Protein
Tyrosine Kinase 2 Beta (Ptk2b) with betweenness
centrality =3865.3, degree=3, were found to be
the most highly interacting node in the MCAo
stroke brain. The top 10 interacting nodes are
shown in Table 7. Around 35 interacting genes
related to neurogenesis were identified by compar-
ing the nodes with GO: Neurogenesis (GO:0022008)
(Table 8).

The expression pattern of the key genes involved
in the neurogenic process in MCAo are nearly
similar to human stroke situations

TAC 4.0 based analysis of the GSE162955 data
revealed that a significant number of genes were
differentially expressed in the brain samples contain-
ing infarct zones. The resulting DEGs list was used
to compare with the list of the Neurogenic genes
obtained from the MCAo-based study. Overlapping
genes along with their altered expressions in humans
were reported in Table 9. The key DEGs responsible
for the aberrant neurogenic process in MCAo were
found to be similar to the human stroke situation. For
example; the expression pattern of GFAP. TGFBI1,
STAT?3, and JAG1 which are crucial for adult neuro-
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Table 6
Gene ontology comparison analysis

Gene Ontology No. of. Overlapping Gene List

compared with Overlapping

DEGs List oenes Downregulated Genes Upregulated Genes

GO:Neurogenesis 166 EDNI1 PAK1 NR4A2 ACSL3 KCNA1 HTR7 MMP2 HSPB1 CSPG4 ARF6
ALCAM RAB3A PTPN5 CNTN2 LEMD2 RGS14 SERPINF1 EED CD38 ID1
NGFR ATP2B2 GNRHI1 THY1 EPHA7 KALRN PICALM FN1 KLF4 PRRX1 ECE1
NEFL AGER MAP6 MME GRIN2A EEF2K ITGB1 SGK1 BMP2 TGFB1 MYC
MAPKSIP2 WEE1 PRKCZ PLD2 NTRK2 TBCE NR2F2 NAPIL1 ADM PLP1
PPP3R1 CNTNI1 TTC8 FEZ1 SCN1B STAR AFDN PMP22 SYT4 PDLIMS5 TGFB2
GRID2 UNC13A GDF11 BHLHE40 PLPP3 RACI1 ANXA1 FABP7 PAFAHIB1
GABRAS STXBP1 DCHS1 ADNP SH3GL2 APC LGALSI1 CSF1 TWF1 ARF4 IDH2
GAS6 CTTN NR1D1 ACSL4 UGCG PTN PTK2B JAG1 RUNX1 SDC4 VIM CALR
CAMKI1 COQ7 SYT2 CNTN4 YWHAE DCLK1 STAT3 P2RY2 MAN2A1 CDC20
NEFM ADORA2A EHMT2 MAL NLGN2 CNR1 PLAA CCL2 LAMCI1 CASP3
MTOR EGR2 SH3GL3 VLDLR LZTS1 B4GALT6 COL3A1 DAB2 UGDH TSPO GRN
GRK2 VTN NEURODI1 PER2 NAPA PEX2 MGLL RAB13 GFAP IFNGR1 IL33
SERPINE2 SYT3 GRINI MYCBP2 ADGRL3 RABI1A ENPP1 FZD1 RABSA
CX3CL1 DLX5 NEXN DBN1 ARL3 SLC12A5
SOCS

GO:Neuroblast 6 PTN KCNA1 CX3CL1 ITGB1 PAFAH1B1 TGFB1

Proliferation

GO: Neuron 17 PEX2 NR4A2 NTRK2 YWHAE DCLK1 ADGRL3 COL3A1 RACI PAFAH1BI1 STAT3

Migration CNTN2 GNRH1 CDK5 GAS6 NDN PLAA NR2F2

GO: Neuron 130 EDNI PAKI NR4A2 ACSL3 HTR7 ALCAM MMP2 HSPB1 CSPG4 TGFB2

differentiation RAB3A PTPN5 CNTN2 NGFR ATP2B2 THY | RAC1 ARF6 SERPINF1 CD38
EPHA7 KALRN NEFL AGER MAP6 EEF2K PAFAHIB1 LGALS1 TWF1 ID1
MAPKSIP2 WEE1 PRKCZ PLD2 NTRK2 TBCE ARF4 JAG1 PICALM RUNXI1 FN1
CNTNI1 TTC8 FEZ1 SCN1B AFDN GRID2 KLF4 PRRX1 ECEl ITGB1 SGK1
UNCI13A GDF11 GABRAS5 STXBP1 ADNP SDC4 CALR VIM STAT3 P2RY2
SH3GL2 APC CTTN ACSL4 UGCG PTN PTK2B BMP2 CDC20 PLAA LAMCI1
CAMKI1 SYT2 CNTN4 DCLK1 NEFM CASP3 DAB2 UGDH GRN RABI13
ADORA2A EHMT2 NLGN2 CNR1 MTOR EGR2 GFAP RAB11A ENPP1 ADM FZD1
SH3GL3 VLDLR LZTS1 B4GALT6 NEUROD1 PLP1 PMP22 SYT4 PDLIM5
NAPA MGLL SERPINE2 SYT3 GRIN1 MYCBP2 RABSA
CX3CL1 DLX5 NEXN DBN1 ARL3 SLC12A5
SOCS2 MAPIB AKAP5 ARC CDKS5 NOG AKT1
NPTN CNP KIF3C DHX36 PRKCA NPTXR NDN

GO: Cell Cycle 76 EDNI1 CCNEI YWHAE INOSOE INS1 FNTB TGFB2 ANXA1 GRK5 PLK1 BTG1

Regulation

CCNDBPI1 RBL2 PLPP2 PER2 HPGD CALM2
PLCBI1 IGF2 APBB3 NR4A1 PPP2R1A BCL2L1
DPF1 BMYC TGFA NPR2 CHMP1A NPPC
PPP2CA KIF13A CDKS NCAPH2 AKT1 CIRBP
INHA APC PEBP1 PRKCA

PAFAH1B1 FOXM1 CDK1 RPA2
SND1 SMC4 STAT5A KLF4 NME6
IER3 ITGB1 SGK1 CALR STAT3
BMP2 CDK4 PIM3 CDC20 TGFB1
MYC NR2F2 CASP3 GADD45A
SMARCD2 MSX1 FEN1 H2AX
EIF4EBP1 PTPN6 RPA3 DLGAPS5
CDKNI1A RAB11A PSME2 CAST
DDX3X MYBBPIA

GO: Neuroinflam- 11
matory
response

CX3CL1 ADORA2A AGER ADCY8 NRID1

IFNGRI1 IL33 ITGB1 CASP1 GRN
CTSC

genesis appear to be similarly altered among MCAo
models and human situations with cerebral stroke
(Table 9).

DISCUSSION

The MCAo-affected rat brain has an infarct region
that encompasses dead cells as a result of the occlu-

sion and the subsequent pathological effects [31].
Despite several attempts at the development of a
treatment strategy to restore neuronal loss after cere-
bral stroke, no preventive measures and complete
cure have been established for stroke. Among various
strategies, stimulation of neurogenesis to compen-
sate for the neuronal dysfunctions and degeneration
in the brain during and after the stroke represents
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Fig. 5. TF-miRNA interactome graph. The diagram represents the interaction between miRNA and transcription factors of DEGs where the
nearest represent those with higher interaction score.

Table 7 a considerable doable treatment strategy [32]. The

Top 10 interacting nodes in PPT analysis process of adult neurogenesis generally comprises

Label Degree Betweenness Expression the different stages of proliferation, migration, and
(Combined Tstat) differentiation of neural stem cells (NSCs). In the

é;t:] ﬁ 5187%%751 _5140 é 1687 normal forebrain, proliferating NSCs in the SVZ give
Pena 10 396.87 _138.9 rise to neuroblasts which migrate into the olfactory
Nfkbl 9 1095.09 -111.02 bulb via the rostral migratory stream [33]. However,
Pik3r2 8 2668.38 127.2 in neuropathogenic conditions like stroke, epilepsy,
g’:;‘;l g ig;g'g; —9134210659 and other early stages of neurodegenerative diseases
Syk 3 504.98 83.095 like Alzheimer’s disease (AD), Parkinson’s disease
Actn2 7 3294 84.253 (PD), and Huntington’s disease (HD), neuroblasts in
Hek 7 3016.68 ~164.47 the SVZ have been reported to be reactively acti-

vated, and invade the sites of neuronal damage and
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Table 8
Interacting proteins related to GO: Neurogenesis

Table 9
Comparison of MCAo rat DEG list with Human stroke DEG list

S.No Label Degree  Betweenness Expression Gene Status in Status in Stroke
(Combined Tstat) MCAo Rats affected Human

1 Aktl 22 5808.71 54.118 THY1 Downregulated Downregulated

2 Stat3 8 1270.92 —144.69 NRID1 Downregulated Downregulated

3 Mtor 7 1183.27 49.327 CDK5 Downregulated Downregulated

4 Casp3 6 1507.09 -83.013 STX1B Downregulated Downregulated

5 Myc 6 1086.18 -146.14 NOG Downregulated Not DEG

6 Grin2a 5 3768 103.02 CNTN4 Downregulated Downregulated

7 Itgbl 5 2510 -109.38 PTN Downregulated Not DEG

8 Calr 5 1398.5 —63.295 EPHA7 Downregulated Not DEG

9 Tgfbl 5 502.61 —-155.89 CNTN2 Downregulated Not DEG

10 Ywhae 4 1146.1 43.157 GDF11 Downregulated Not DEG

11 Ngfr 4 448.79 42.502 GNRH1 Downregulated Not DEG

12 Kif4 4 44421 -58.029 PAFAHIB1 Upregulated Downregulated

13 Grinl 4 16 117.46 SYT4 Upregulated Downregulated

14 Ptk2b 3 3865.3 111.03 FKBP4 Upregulated Not DEG

15 Kalrn 3 593.51 102.46 CALR Upregulated Not DEG

16 Rablla 3 237.59 —70.132 IDH2 Upregulated Not DEG

17 Egr2 3 236.47 69.087 CD24 Upregulated Not DEG

18 Arf6 3 155.84 -87.126 JAG1 Upregulated Not DEG

19 Col3al 2 819.5 -102.35 PMP22 Upregulated Not DEG

20 Rab8a 2 799.01 —-54.952 ID1 Upregulated Not DEG

21 Lamcl 2 161 -102.14 ARF6 Upregulated Not DEG

22 Adm 2 161 -116.72 CD38 Upregulated Not DEG

23 Hspbl 2 161 -191.16 COL3Al Upregulated Upregulated

24 Pak1 2 29.21 94.689 LGALSI Upregulated Upregulated

25 Tgfb2 2 0.5 -41.91 DYNLT1 Upregulated Upregulated

26 Pld2 2 0 42.035 STAT3 Upregulated Downregulated

27 Cttn 1 0 42.753 TGFB1 Upregulated Upregulated

28 Ifngrl 1 0 -119.15 VIM Upregulated Upregulated

29 Nr4a2 1 0 50.835 GFAP Upregulated Not DEG

30 Rab3a 1 0 96.975 TSPO Upregulated Not DEG

31 Prkcz 1 0 59.732

32 Nrldl 1 0 95.173

33 Csfl 1 0 —-71.804

34 Vim 1 0 -158.62 Reports on the identification and compilation of

35 Weel 1 0 58.245

around striatal regions [32]. This ectopic migration
of neuroblasts to the injured site has been believed as
an endogenous regenerative attempt to replenish the
degenerating neurons or compensate for the abnormal
neuroplasticity resulting from the pathogenic events
of the stroke. However, this abnormal migration of the
neuroblasts to the infarct area appears to be transient
[34]. Also, post-migration, the neuroblasts mostly
end up with apoptosis, before undergoing differen-
tiation, thus actually failing to supplement functional
recovery. However, unknown pathogenic molecular
signatures detrimental to the successful neuroregen-
eration in the infarct zone remain the major obstacle
in developing valid therapeutic targets against cere-
bral stroke. Thus, insight into neuropathomechanisms
resulting from the aberrant expressions of genes
appears to be crucial.

DEGs responsible for mechanisms disrupting neu-
ral regeneration after cerebral ischemia appear to
be limited. Hence in this article, we carried out
the identification of dysregulated neurogenic path-
ways in post-stroke conditions, as this will help in
gaining clinically useful insights into a potential
therapeutic or diagnostic application. The workflow
comprised computation analysis to identify the DEGs
list followed by enrichment analysis and subse-
quent efficient graphical summary for exploratory
visualization (Fig. 6). Through WebGestalt-based
enrichment analysis, the expression of the neuro-
genic genes like GFAP, TGFB1, PCNA, and JAG1
was identified to be upregulated in the experimen-
tal MCAo models. From these candidate genes, we
could realize a trend that the majority of these genes
have a role in the process of neurogenesis as cross-
verified using the Mammalian Adult Neurogenesis
Gene Ontology (MANGO) [35].

Notably, reactive astrogliosis refers to an abnormal
increase in the number of astroglia cells in response
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Fig. 6. Graphical representation of the altered neurogenic genes in post-stroke environment. Coronal section of the adult rat brain is shown
in the upper left. SVZ region comprises Ependymal cells (Pink) lining along the ventricles, with Type B1 stem cells (green) adhering to
them. Type B1 cells give rise to Type-C Transit amplifying Cells (yellow). During proliferation Type-C cells rapidly divide to form Type-A
neuroblasts (light orange). These neuroblasts migrate along the blood vessels (red) to reach the striatum after stroke. Once reaching the site,
the neuroblasts differentiate into immature neurons (light brown) and give rise to arborizations. They turn into functional neurons (dark
brown) after maturation. The table depicts the genes that upregulate or downregulate the different phases of neurogenesis. The green upward
arrows represent genes found to be upregulated in MCAo animals in the meta-analysis study, while the red downward arrow represents genes

found to be downregulated in MCAo animals in the meta-analysis study.

to pathogenic events observed in many brain dis-
eases including stroke [36]. While GFAP has been
established as a marker for the astroglial cells, reac-
tive astrogliosis has been identified as the prominent
pathological hallmark in focal ischemic stroke as it
can result in glial scar leading to dementia in the
pathogenic brains [37]. Glial cells are known to be the
major source of TGFB1 in the brain [38]. In the phys-
iological state, TGFBI1 plays a key role in neuronal
differentiation, migration, survival of new neurons,
and synaptic plasticity. In contrast, elevated levels
of TGFB1 and its downstream components have
been identified as a key player in neuroinflammation
and reduced neurogenesis in various neuropathogenic
conditions including stroke. Eventually, experimental
models and human subjects with neurodegenerative
conditions like AD, PD, and HD have been charac-
terized by aberrant astrogliosis, enhanced TGFBI,
and impaired neurogenesis [38]. While induced glio-
genic events accounting for neuroinflammation play
a key role in non-autonomous mechanisms of neu-
rodegeneration, elevated levels of TGFB1 signaling

appear to induce cell cycle inactivation and impaired
neuronal differentiation of NSC [39, 40]. Notably,
increased level of TGFB1 has been negatively corre-
lated with the regulation of neurogenesis in different
types of dementia including vascular dementia (VaD)
[41]. Knockout of TGFB1 has resulted in increased
microgliosis, while the deletion of TGF-f3 recep-
tor, activin receptor-like kinase 5 (ALKS5) has been
reported to be associated with decreased neurogene-
sis, thereby indicating an important role of TGFB1
in the regulation of neurogenic process [42, 43].
Kandasamy et al. and others have demonstrated that
TGFB1-mediated signaling is crucial for cell cycle
events of NSCs, neuronal differentiation, and survival
of newborn neurons in the brain, while overexpres-
sion of TGFB1 inactivates the proliferative potentials
of NSCs during neurological illnesses [44, 45]. Thus,
TGFBI1 could be considered as an extrinsic regulator
of neurogenesis and a potential pathogenic determi-
nant of neurogenic alteration. As PCNA is the marker
for proliferating cells, the increased expression of
PCNA noticed in this study represents the increased
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proliferation of astrocytes, NSCs and microglia in
stroke brains, supported by a study of Curtis et
al. indicating PCNA as the prominent proliferation
marker in the brain, particularly the SVZ [46]. More-
over, Jagl plays a key role in the modulation of
Notch signaling, while recent findings indicate that
an increased number of astrocytes negatively regulate
neurogenesis and the regulation of the Notch pathway
[47]. Notch/Jagl activity is important for hippocam-
pal neurogenesis, and subsequent NSCs maintenance
[48]. In addition, conditional knockout of Jagl dis-
turbs the maintenance of radial glia in SVZ, causing
defects in the cortical proliferation zone, and affect-
ing the self-renewal capacity of NSCs [49].

Among 30 differentially downregulated genes of
the neurogenic process, significantly downregulated
genes were found to be Thy-1 cell surface anti-
gen (THY1), Nuclear Receptor Subfamily 1 Group
D Member 1 (NR1D1), Cyclin-dependent kinase 5
(CDKS5), Syntaxin-1B (STX1B), and Noggin (NOG)
in the stroke brains. In the meta-analysis, signifi-
cantly altered genes related to neuroblast migration
have all cumulatively resulted in the promotion of
the neuronal migration process [50]. Regarding neu-
ronal differentiation, Neurod1 has been regarded as
one of the markers as it is expressed by neuronally
committed neuroblasts in the brain [51]. Therefore,
prominent downregulation of positive regulators of
neural differentiation like Neurod1, FEZ1, and other
genes as mentioned in the results, will severely affect
the chances of neuronal differentiation of migrating
neuroblasts in stroke conditions.

PPI analysis identified certain neurogenesis-
related proteins, among them, the highest interacting
is found to be AKT serine/threonine kinase (Akt) 1, a
known promoter of neurogenesis [52]; Stat3, aknown
promoter of neuroblast migration [53]; mTOR, a
known regulator of neurogenesis [54]; Casp3; and
Myc, a known promoter of neural differentiation [55,
56]. The disturbances in various aspects of neuro-
genesis can be attributed to the dysregulations of
neuroinflammatory processes, as evidenced by dys-
regulations in 11 key genes. Upregulation of ITGB1,
interferon-gamma receptor 1 (IFNGR1), and cas-
pase 1 (CASP1) among others particularly attributes
for the above-mentioned changes in neuroinflamma-
tion and subsequently coupled with oxidative stress,
and mitochondrial damage, to make the environment
unsupportive.

Recently, neurogenic failure has been recognized
as a prominent pathogenic feature of neurocognitive
impairments and dementia in HD, PD, and various

forms of AD. Considering the fact, the dysregulation
of genes responsible for the aberrant neurogenic pro-
cess noticed in MCAo conditions and post-mortem
human stroke brains might be linked with the pos-
sible occurrence of dementia. The DEGs related to
the abnormal neurogenic process in MCAo have also
been shown to be also altered in other neurodegener-
ative subjects with dementias.

Venn diagram based analysis of candidate DEGs
among MCAo and neurodegenerative diseases like
AD [57], HD [58], PD [59], and VaD [60], respec-
tively revealed a significant number of overlapping
genes across the gene ontologies (Table 10). The
most commonly altered genes across the panel were
identified to be Pleiotrophin (PTN), Heat Shock Pro-
tein Family B (Small) Member 1 (HSPB1), Necdin
(NDN), and Cold-inducible RNA-binding protein
(CIRBP). Thus, this study suggests, there exists a
considerable overlap in DEGs between the diseased
brains of subjects with stroke and neurodegenerative
disorders that display memory loss. Hence, identi-
fying common pathogenic signatures, and targeting
the same could be a treatment strategy applicable
across the entire dementia spectrum. This possi-
bility of multi-comparability of the data among
the dementia types, is not only limited to neuro-
genic processes, thus providing multiple interesting
opportunities.

Conclusion

Stroke has been known to be a very debil-
itating neuropathogenic condition leading to the
cause of neurological problems, memory loss,
and death. While the neuropathogenic alterations
appear to differ from case to case, revisiting a
common concomitant neuropathological hallmark
has become important for establishing a potential
disease-modifying therapy for stroke. Notably, stroke
brains have been characterized by reactive but incom-
plete neurogenesis in the infarct zone. Thus, boosting
and sustaining neurogenic processes has been con-
sidered to provide defense against stroke-induced
neurological deficits. Despite the generation of the
redundant experimental data sets, reprocessing of
already available transcriptome profiles has been
essential for identifying DEGs that are involved in
neuroregeneration during the stroke. This stringently
concorded meta-analysis of differential transcrip-
tomes between sham and MCAo rats revealed many
dysregulated genes and pathways in stroke condi-
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Table 10
Comparison of MCAo DEG list with other neurodegenerative disorder DEG lists, and their implications with gene ontologies
Comparison of MCAo MCAo N AD [57] MCAo N HD [58] MCAo N PD [59] MCAo N VaD
DEG list with other [60]
neurodegenerative
disorder DEG lists
No. of. Overlapping genes 141 46 101 31
GO: Neurogenesis PTN HSPB1 NR4A2 PAK1 ARF4 NLGN2 PTN HSPB1 TGFB2 HSPB1 HTR7
SERPINF1 CAMKI1 EGR2 RABI11A FABP7 NR4A2 CCL2
LGALS1 RAB3A MTOR GABRAS AKTI1 PAFAHIB1 ARF4
EGR2 SH3GL3 GAS6 RAB3A DCLK1 NEFM
SGK1SDC4 NEUROD1 CNRI1ATP2B2 THY1
PRKCZ SERPINE2 B4GALT6 NEFL
TTC8 SCN1B GFAP MAN2A1 NTRK2
MAPIB IFNGR1 CDK5 UGDH TBCE TSPO
RABI1ADCHS1 MYCBP2
SH3GL2 PLP1 PMP22 AFDNSLCI12AS5 ARL3
NPTXR NDN RABSA MAPIB RABI11A
STXBP1 NPTN SH3GL2
APC KIF3C NDN
GO: Neuroblast PTN - PTN PAFAHI1BI1 -
Proliferation
GO: Neuron Migration CDK5 NR4A2 NDN GAS6 NR4A2 NTRK2 -
PAFAHIBI1 DCLK1
NDN
GO: Neuron PTN HSPB1 NR4A2 PAK1 ARF4 NLGN2 PTN HSPB1 TGFB2 HSPB1 HTR7
differentiation SERPINF1 CAMKI1 EGR2 RABI1A NR4A2 PAFAHIBI1 RUNX1
LGALS1 RAB3A MTOR GABRAS5 AKT1 ARF4 RAB3A DCLK1
EGR2 SH3GL3 SGK1 NEFM CNR1 ATP2B2
SDC4 NEUROD1 THY1 BAGALT6 NEFL
PRKCZ SERPINE2 NTRK2 UGDH TBCE
TTC8 SCN1B GFAP MYCBP2 AFDN
MAPIB CDK5 RABI1A SLC12AS5 ARL3 MAPIB
SH3GL2 PLP1 PMP22 RAB11A NPTN STXBPI1
NPTXR NDN RABSA SH3GL2 APC KIF3C
NDN
GO: Cell Cycle RPA2 SGK1 CCNDBPI1 PLKI1 APBB3 TGFB2 PAFAHI1B1 NPPC CIRBP
Regulation PPP2R1A MSX1 CDK5 PPP2CA RPA3 RBL2 PLCB1 MSX1
RABI11A CIRBP PEBP1 RABI11A AKTI1 PPP2CA RABI11A
MYBBPIA CIRBP APC
GO: Neuroinflammatory IFNGR1 ADCY8 - CASP1 -

response

tions. The DEGs identified in MCAo conditions
overlap in part with that of postmortem human stroke
brains. Various key genes are associated with glio-
genic events, neuroinflammation, and proliferation,
differentiation of NSCs. Thus, the aberrant expres-
sion of DEGs needs to be rectified to overcome the
drawback present in the available management ther-
apies. The overexpression of genes that are involved
in oxidative stress, reactive gliogenesis, and neu-
roinflammation needs to be suppressed in order to
facilitate neurogenesis in stroke brains. For example,
resveratrol, a natural polyphenol has been identified
to possess anti-oxidant, anti-inflammatory, and neu-
roprotective properties with no obvious side effects.
Thus, the supplement of candidate drugs like resver-
atrol can be expected to reduce the expression of

genes involved in the stroke condition. From another
perspective, physical exercise, an enriched environ-
ment, and physiological regimens have been proven
to positively regulate neurogenesis-related changes
and promote neuroregeneration in the brain. Besides,
intermittent hypoxic therapy represents a potential
alternative to physical exercise as it can promote the
expression of trophic factors and neurogenic genes in
the brain. Thus, implementing intermittent hypoxic-
like strategies to the treatment regime of stroke can
be expected to boost neuronal regeneration and func-
tional recovery in stroke as it can upregulate the genes
responsible for the neurogenic process. However, val-
idation of the final projected DEGs for potentiality
for disease treatment in human or clinical trials is
always necessary. Thus, future studies that target the
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expression and functions of DEGs are required to
validate the present results to translate the findings
for the preventive measures and resolve prospective
therapeutics for functional recovery in human stroke
survivors.
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