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Abstract. — OBJECTIVE: The aim of this
study was to identify sex-specific biomarkers
for ischemic stroke (IS) prophylaxis in elderly
individuals.

MATERIALS AND METHODS: The GSE22255
dataset for elderly individuals with IS was re-
trieved from the gene expression omnibus data-
base. Thereafter, gene ontology and Kyoto En-
cyclopedia of Genes and Genomes (KEGG) path-
way enrichment analyses were performed, as well
as gene set enrichment analysis (GSEA). Further-
more, protein-protein interactions (PPls) were ex-
plored using the STRING database, and to screen
central genes from the Cytoscape PPI network,
corresponding to peripheral blood samples from
elderly individuals, we used the molecular com-
plex detection plug-in and cytoHubba. Moreover, a
Venn diagram was used to visualize the key genes
common among elderly women and men with IS.
Statistical analysis was also performed, and re-
ceiver operating characteristic (ROC) curves were
constructed to evaluate the specificity and sensi-
tivity of the prediction of IS in the elderly.

RESULTS: Compared with the healthy con-
trols, in elderly women with IS, 511 biological
process (BP) terms, 16 molecular function (MF)
terms, and 34 KEGG terms were significant-
ly enriched, whereas in the elderly men with
IS, 681 BP terms, 12 MF terms, and 44 KEGG
terms were enriched. The GSEA revealed 99
and 140 significantly enriched gene sets in el-
derly women and men with IS, respectively.
Furthermore, in the PPI network, 10 hub genes
for each sex with high specificity and sensitivi-
ty were identified using ROC curves.

CONCLUSIONS: Ten genes for each sex
with significant differential expression were al-
so identified in individuals with IS. The novel
sex-specific gene targets may be promising di-
agnostic or prognostic markers and potential
therapeutic targets for IS in the elderly.
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Introduction

Ischemic stroke (IS) is the most common type
of stroke (75-80%) and is the second leading cause
of death and one of the leading causes of disabil-
ity worldwide'. Furthermore, the incidence, prev-
alence, disability, mortality, and recurrence of
stroke show a consistent annual increase within
the aging population, thus creating a huge so-
cioeconomic impact on society®. Currently, IS is
diagnosed mainly through imaging examination.
However, stroke mimics pose diagnostic chal-
lenges, making identifying a real stroke difficult
and leading to a delay in diagnosis®. Currently, the
only approved therapies for acute IS are thrombo-
lytic therapy and endovascular thrombus remov-
al®. Then the arrow time window for treatment
efficiency and serious side effects of IS therapy
limit the efficacy of such treatments®. Therefore,
strategies for early diagnosis and appropriate
treatments for IS are critical. Together, innova-
tive diagnostic tools and biomarkers are urgently
required to improve the accuracy of clinical IS
diagnosis, monitor disease progression, and im-
prove therapeutic efficacy.

In recent years, increasing evidence®’ has
shown that the injury mechanisms, clinical char-
acteristics, outcomes, treatments received, and
response to IS treatment are associated with sex.
Furthermore, the occurrence and prognosis of IS
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are associated with age. Women have also been
reported® to exhibit nontraditional symptoms at
the beginning of a stroke that often contribute to a
delay in diagnosis and treatment. The pathophys-
iological biomarkers of IS show partial efficacy,
and it is still unclear how gender affects IS vari-
ability”!'. Therefore, both sex and age should be
given considerable attention in studies related to
IS diagnostics and therapeutics.

Given that IS is associated with the gender and
age of individuals, identifying sex-specific blood-
based biomarkers to predict stroke occurrence and
progression has important clinical implications
in IS prevention, diagnosis, and treatment. Bioin-
formatics has unveiled new avenues for identify-
ing novel biomarkers for early disease detection''.
Furthermore, using peripheral blood mononuclear
cells (PBMCs) in this respect is advantageous ow-
ing to easy access to blood samples and increased
detection sensitivity'?. In this study, we hypothe-
sized that using bioinformatic analysis, it is pos-
sible to identify the sex-specific hub genes in PB-
MCs from elderly patients with IS to predict the
occurrence, development, and treatment response
effects of elderly patients with IS. Therefore, this
study aimed to identify potential sex-specific hub
genes for the early diagnosis, prevention, and treat-
ment of IS in elderly women and men. Therefore,
we analyzed PBMC data corresponding to elderly
individuals with IS in the gene expression omnibus
(GEO) dataset GSE22255 using integrated bioin-
formatic analyses.

Materials and Methods

Dataset Analysis

The GSE22255 dataset, which contains PBMC
gene expression results corresponding to patients
with IS profiled on the Affymetrix Human Ge-
nome U133 Plus 2.0 Array (GEO GPL570), was
downloaded from the GEO database (available
at: https:/www.ncbi.nlm.nih.gov/gds/?term=
GSE22255) via the R package ‘GEOquery’ (ver-
sion info: R 3.2.3, Biobase 2.30.0, GEOquery
2.40.0, limma 3.26.8). The GEO dataset included
20 patients with IS (10 men and 10 women) and
20 sex- and age-matched controls (10 men and 10
women). Finally, based on the study design, data
corresponding to 10 elderly patients with IS" (5
men and 5 women aged > 60 years), and 10 con-
trol subjects (5 men and 5 women aged > 60 years)
were included for further analysis. Patients with
IS had only one stroke episode, at least 6 months

before blood samples collection, and the control
subjects had no family history of stroke'?.

Genomic Analysis of Differentially
Expressed Genes (DEGs)

Probes without gene annotation or multiple
matching gene symbols were removed. Subsequent-
ly, DEGs between IS and the control samples in
the GSE22255 dataset were screened using the R
package ‘limma’ (Univ Melbourne Dept Math &
Stat, Parkville, Australia) with a cut-off criterion of
llog,fold-change (FC)| > 1 and an adjusted p-value
[Benjamini-Hochberg (BH) method] < 0.05. The R
packages packages ‘ggplot2’ (version 3.3.3, RStud-
io, Copenhagen, Denmark) and ‘ComplexHeatmap’
(version 2.2.0, German Cancer Research Center,
Heidelberg, Baden-Wiirttemberg, Germany) were
then used to analyze the DEGs, and to construct vol-
cano plots and heat maps to visualize their distribu-
tion and expression'.

Functional Enrichment Analysis

The biological significance of the DEGs was
assessed via gene ontology (GO) and Kyoto ency-
clopedia of genes and genomes (KEGG) pathway
enrichment analyses''¢. Statistical analysis and vi-
sualization of GO/KEGG results were performed
using the R software. Specifically, the R packages
‘ggplot2’ and ‘clusterProfiler’ (Southern Medical
University, Guangzhou, Guangdong, China) were
used to visualize the results of the GO/KEGG
enrichment analysis of the selected data, respec-
tively. Furthermore, the R package ‘org.Hs.eg.db’
(version 3.10.0, Fred Hutchinson Cancer Research
Center, Seattle, WA, USA) was used for ID conver-
sion, and statistical significance was established at
an adjusted p-value (BH method) < 0.05.

Gene Set Enrichment Analysis (GSEA)

The R packages ‘clusterProfiler’ and ‘ggplot2’
were used to perform GSEA and data visualization,
respectively>!”. Furthermore, c2.cp.v7.2. symbols.
gmt was the reference gene dataset, whereas the
molecular signatures database collection (avail-
able at: https://www.gsea-msigdb.org/gsea/msigdb/
index.jsp) was the gene set database. A threshold
for significant enrichment was established with an
adjusted p-value (BH method) < 0.05 and a false
discovery rate (FDR) value < 0.25.

Protein-Protein Interaction (PPl)
Network Analysis

The STRING database, version 11.0 (avail-
able at: https://www.string-db.org/), evaluated
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PPIs among DEG products'®. Subsequently, the
PPI network was constructed based on informa-
tion in the STRING database with a confidence
score of > 0.4 and visualized using Cytoscape
3.8.2 software (Institute of Systems Biology, Bos-
ton, MA, USA). The molecular complex detection
(MCODE) plug-in and the cytoHubba function
in Cytoscape were used to identify potential hub
genes in the PPI network.

Venn Diagram Analysis

R package ‘ggplot2’ (version 3.3.3) was used
for Venn diagram analysis and data visualiza-
tion to identify the key genes responsible for
the sex differences observed in elderly individ-
uals with IS.

Statistical Analysis

An independent sample #-test or Wilcoxon
rank sum test was performed using the R package
‘ggplot2’ (version 3.3.3) to determine differences
in hub gene expression between IS samples and
healthy controls. Furthermore, to evaluate the
specificity and sensitivity of the hub gene val-
ues in predicting IS in elderly women and men,
receiver operating characteristic (ROC) curves
were generated using the ‘pROC’ (Swiss Institute
of Bioinformatics, Basel, CH, Switzerland) and
‘ggplot2’ packages in R. In addition, the area un-
der the curve (AUC) was calculated to evaluate
the diagnostic value of the hub genes. Statistical
significance was established at p < 0.05.

Results

DEGs Between Elderly Women
and Men with IS and Their Respective
Healthy Controls

Compared to the gene expression results of
healthy female controls, 174 DEGs were identified
in elderly women with IS, and among these, 25
DEGs were upregulated, and 149 were downregu-
lated. Compared to the gene expression in healthy
male controls, 172 DEGs were identified in elder-
ly men with IS and 141 and 31 of these genes were
upregulated and downregulated, respectively (Ta-
ble I). As shown in the volcano plots in Figure
la and 1b, these IS-specific DEGs showed a clear
distinction between elderly female and male pa-
tients and the corresponding healthy controls. The
top 10 upregulated and downregulated DEGs are
listed in Table I and represented using a heat map
in Figure 1c and 1d.
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Enriched BPs, MFs, and KEGG Enrichment
Pathways in Elderly Individuals With IS

After setting thresholds with an adjusted p-val-
ue < 0.05 and g-value < 0.2 for GO and KEGG
enrichment analyses, 511 BP terms, 16 MF terms,
and 34 KEGG pathways were identified as sig-
nificantly enriched in elderly women with IS.
Similarly, in elderly men with IS, 681 BP terms,
12 MF terms, and 44 KEGG pathways were iden-
tified as significantly enriched. The enriched BP
and MF terms and KEGG pathways are shown in
Table II and Figure 2 a-f.

Gene Sets in Elderly Women and Men
with IS Identified from GSEA

The GSEA revealed 99 and 140 significant-
ly different gene sets in elderly women and men
with IS, respectively, compared to their respective
healthy controls (both p < 0.05). Figure 3a and 3b
show the gene sets identified, including reactome
interleukin 4 (IL-4) and IL-13 signaling, IL-10,
interleukins reactome signaling, reactome inter-
leukin signaling KEGG cytokine, cytokine re-
ceptor interactions, the IL-18 signaling pathway,
senescence, and autophagy in cancer.

DEGs in Elderly Men and Women
ldentified Using MCODE and Hub Genes
Significantly Associated With IS

After screening 174 and 172 DEGs in elderly
women and men with IS, respectively, a PPI net-
work was constructed using Cytoscape, as shown
in Figure 4a and 4b. Subsequently, MCODE was
used to score and select the optimal parameters to
obtain the best results and locate clusters within
the network.

Five clusters were identified in elderly wom-
en with IS, with cluster 1 (102 edges and 16 node
IDs) showing the highest score at 13.6 (Figure
4c¢). Furthermore, according to the MCODE score
ranking, 16 DEGs possibly significantly associ-
ated with IS in elderly women were identified.
These included: CXC motif chemokine ligand 2
(CXCL2), C-C motif chemokine receptor like 2
(CCRL2), prostaglandin-endoperoxide synthase 2
(PTGS2), C-C motif chemokine ligand 4 (CCL4),
IL-14, C-C motif chemokine receptor 2 (CCR?2),
1L-6, tumor necrosis factor (TNF) superfamily
member 10 (TNFSF10), IL1B, interferon-gamma
(IFNG), NLR family pyrin domain containing
3 (NLRP3), suppressor of cytokine signaling 3
(SOCS3), TNFRSFIA, CCL20, CXCL3, and in-
tercellular adhesion molecule-1 (ICAM-I). Fur-
thermore, when arranged in descending order
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Table I. Top 10 upregulated and downregulated differentially expressed genes in elderly women and men with IS compared with
their respective healthy controls.

Sex Gene ID Gene symbol Adj. p-value logFC Up/Down
Elderly woman 225207 _at PDK4 0.017 3.102 Up
Elderly woman 206978 _at CCR2 0.025 2.241 Up
Elderly woman 220005_at P2RYI3 0.018 1.922 Up
Elderly woman 215933 s_at HHEX 0.005 1.858 Up
Elderly woman 225731 at ANKRDS50 0.017 1.857 Up
Elderly woman 235306_at GIMAPS 0.045 1.823 Up
Elderly woman 225283 _at ARRDC4 0.011 1.678 Up
Elderly woman 209930_s_at NFE?2 0.011 1.616 Up
Elderly woman 1556314 _a_at RPI1-389C8.2 0.001 1.589 Up
Elderly woman 223377 _x_at CISH 0.032 1.585 Up
Elderly woman 210118 _s_at 1L-14 0.003 -5.493 Down
Elderly woman 205476 _at CCL20 0.005 -5.088 Down
Elderly woman 205207 at 1L-6 0.020 -5.050 Down
Elderly woman 207850 at CXCL3 0.005 -4.829 Down
Elderly woman 204363 at F3 0.015 -4.784 Down
Elderly woman 223484 at Cl5orf48 0.008 -4.673 Down
Elderly woman 217996 _at PHLDAI 0.006 -4.061 Down
Elderly woman 36711 at MAFF 0.002 -3.974 Down
Elderly woman 205767 at EREG 0.011 -3.797 Down
Elderly woman 230380 _at THAP? 0.001 -3.220 Down
Elderly man 205476 at CCL20 0.000 6.735 Up
Elderly man 207850 _at CXCL3 0.002 6.590 Up
Elderly man 210118 s _at 1L-14 0.001 5.907 Up
Elderly man 209774 x_at CXCL2 0.037 5.742 Up
Elderly man 205207 at 1L-6 0.024 5.333 Up
Elderly man 205067 at IL-1B 0.001 5.174 Up
Elderly man 217996 _at PHLDAI 0.004 4.977 Up
Elderly man 205767 at EREG 0.021 4.795 Up
Elderly man 204363 at F3 0.023 4.763 Up
Elderly man 223484 at Cl5orf48 0.023 4.403 Up
Elderly man 215933 s at HHEX 0.021 -2.075 Down
Elderly man 228170 _at OLIGI 0.023 -2.024 Down
Elderly man 204036 _at LPARI 0.024 -1.944 Down
Elderly man 229934 at mir-223 0.039 -1.879 Down
Elderly man 223583 at TNFAIPSL2 0.048 -1.787 Down
Elderly man 219957 at RUFY2 0.025 -1.776 Down
Elderly man 209930 s at NFE2 0.046 -1.739 Down
Elderly man 1556314 _a_at RPI11-389C8.2 0.023 -1.699 Down
Elderly man 213418 at HSPA6 0.046 -1.411 Down
Elderly man 207643 s at TNFRSFI4 0.048 -1.360 Down

according to their MCC scores obtained using
cytoHubba, the top 10 genes in network sheet
| included IL-1B, IL-6, ICAM-1, CCL4, IL-1A,
PTGS2, CXCL2, IFNG, CCR2, and TNFRSFIA
(Figure 4e).

For elderly men with IS, five clusters were
identified. Cluster 1 (145 edges and 19 node IDs)
showed the highest score (16.111) (Figure 4d).

Based on the MCODE score ranking, 19 DEGs
that may be significantly associated with IS in el-
derly men were identified. These included genes
encoding CD&3, CXCL2, cytotoxic T-lymphocyte
associated protein 4 (CTLA4), CCL4, CD69,IL-1A,
CXCL3, CXCLI, NLRP3, IL-6, IL-1B, ICAM]I, in-
terleukin 1 receptor antagonist (/L/RN), CCRL2,
CCL20, TNF alpha-induced protein 3 (TNFAIP3),
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Figure 1. Volcano plot and heat map of differentially expressed genes (DEGs) in the GSE22255 dataset. The upregulated
genes are indicated using red dots, whereas the downregulated genes are indicated using blue dots. The genes that did not
show any significant changes are indicated using gray dots. a, Volcano plot showing DEGs between elderly women with IS
and healthy controls. b, Volcano plot showing DEGs between elderly men with IS and healthy controls. ¢, Heat map of the
significantly altered genes in elderly women with IS. d, Heat map of the significantly altered genes in elderly men with IS.

PTGS2, TNF, and TNFRSFIA. Furthermore,
based on MCC scores obtained using cytoHubba,
the top 10 genes on network sheet 1 were TNF, IL-
6, IL-1B, ICAM1, CCL4, IL-14, CXCLI, CXCL2,
TNFAIP3, and ILIRN (Figure 4f).

Six Common Genes for Elderly Men
and Women With IS

Figure 5 shows a Venn diagram of key genes
in IS in elderly women and men. Six key genes
(IL-1B, IL-6, ICAMI, CCL4, IL-14, and CXCL?2)
were common to both elderly men and women
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with IS. Furthermore, the results indicated that
four additional key genes (PTGS2, IFNG, CCR2,
and TNFRSF14) were exclusive to elderly women
with IS, whereas four others (TNF, CXCLI, TN-
FAIP3, and ILIRN) were exclusive to elderly men
with IS.

Predictive Value of 10 Hub Genes
in Elderly Individuals With IS

The low expression levels of [L-1B, IL-6,
ICAMI1, CCL4, IL-14, CXCL2, PTGS2, and IFNG
and high expression levels of CCR2 and TNFRS-
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Table II. Biological process, molecular function, and KEGG enrichment analysis results for identified sex-specific differentially

€Xpresses genes.

GO Sex ID Description p-adjust
BP Elderly woman  GO:1903039 positive regulation of leukocyte cell-cell adhesion ~ 6.07e-07
BP Elderly woman  G0O:0022409 positive regulation of cell-cell adhesion 2.14e-06
BP Elderly woman  GO:1903037 regulation of leukocyte cell-cell adhesion 2.14e-06
BP Elderly woman  GO:0032743 positive regulation of interleukin-2 production 2.14e-06
BP Elderly woman  GO:0050863 regulation of T cell activation 2.38e-06
BP Elderly man G0:1903039 positive regulation of leukocyte cell-cell adhesion ~ 8.73e-11
BP Elderly man GO0:1903037 regulation of leukocyte cell-cell adhesion 1.12e-10
BP Elderly man GO0:0022407 regulation of cell-cell adhesion 1.71e-10
BP Elderly man GO:0042110 T cell activation 2.55e-10
BP Elderly man G0:0022409 positive regulation of cell-cell adhesion 2.55e-10
MF Elderly woman  GO:0046935 1-phosphatidylinositol-3-kinase regulator activity 7.74e-04
MF Elderly woman  GO:0005126 cytokine receptor binding 7.74e-04
MF Elderly woman  GO:0035014 phosphatidylinositol 3-kinase regulator activity 0.001
MF Elderly woman  GO:0005125 cytokine activity 0.001
MF Elderly woman  GO:0042379 chemokine receptor binding 0.001
MF Elderly man G0:0005126 cytokine receptor binding 1.64¢-06
MF Elderly man GO0:0005125 cytokine activity 1.62¢-04
MF Elderly man G0:0042379 chemokine receptor binding 0.001
MF Elderly man G0:0008009 chemokine activity 0.003
MF Elderly man G0:0002020 protease binding 0.004
KEGG Elderly woman  hsa04668 TNF signaling pathway 1.19¢-07
KEGG Elderly woman  hsa04657 IL-17 signaling pathway 1.90e-06
KEGG Elderly woman  hsa04064 NF-kappa B signaling pathway 4.06e-05
KEGG  Elderly woman  hsa05323 Rheumatoid arthritis 1.39¢-04
KEGG Elderly woman  hsa04061 Viral protein interaction with cytokine 1.72¢-04
and cytokine receptor

KEGG Elderly man hsa04668 TNF signaling pathway 1.23e-12
KEGG Elderly man hsa04657 IL-17 signaling pathway 7.66e-09
KEGG Elderly man hsa04064 NF-kappa B signaling pathway 1.71e-08
KEGG Elderly man hsa05323 Rheumatoid arthritis 8.84¢e-07
KEGG Elderly man hsa05134 Legionellosis 2.47e-06

F14 in elderly women with IS relative to healthy
controls are shown in Figure 6a and 6b. Further-
more, the expression levels of /L-1B, IL-6, [CAMI,
CCL4, IL-14, CXCL2, TNF, CXCLI, TNFAIP3,
and /LIRN were higher in elderly men with IS
compared to healthy men, as shown in Figure 6¢
and 6d.

The 10 hub genes demonstrated strong dis-
criminative ability, with an AUC a greater than
0.950. In addition, their sensitivity and specificity
were 100% and 80-100%, respectively, in elderly
women with IS (Table III and Figure 7 a-j). Sim-
ilar observations were made for the hub genes
corresponding to elderly men with IS, their sen-
sitivity and specificity were 100% and 80-100%,
respectively (Table I1I and Figure 7 k-t).

Discussion

It is necessary to unravel the hub genes associ-
ated with the onset and progression of IS, as such
genes can function as diagnostic and therapeutic
biomarkers for IS. However, studies that focus on
exploring the association between the occurrence,
prevalence, and impacts of IS and the sex of pa-
tients are limited. In this study, we performed
bioinformatic analysis to identify sex-specific hub
genes in elderly patients diagnosed with IS.

GO functional enrichment analysis showed that
the identified DEGs in elderly women and elderly
men with IS were mainly enriched in the leukocyte
cell-cell adhesion and cytokine receptor functional
categories. Furthermore, the enrichment analysis
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Figure 2. GO and KEGG enrichment analyses of DEGs in the GSE22255 dataset. a, ¢, and e, Top five enriched BP terms,
MF terms, and KEGG pathways for elderly women with IS. b, d, and f, Top five enriched BP terms, MF terms, and KEGG
pathways for elderly men with IS. The bubble sizes are consistent with the number of counts in the corresponding result re-
cord, which represents the total number of intersections between the input molecules and the molecules in the corresponding
ID entry. The intensity of the bubble color reflects the p-adj value in the corresponding result record, which is the size of the
p-value obtained after statistical inspection and correction. The abscissa after inversion represents the molecular proportion,
which is consistent with the generated data in the corresponding result record.

of the KEGG pathway revealed that the DEGs in
elderly women and men with IS were mainly en-
riched in inflammation-related pathways, such as
the TNF, IL-17, and NF-«B signaling pathways.
After a subsequent GSEA analysis, we identified
the classes of genes differentially expressed be-
tween test groups. For example, genes involved in
IL-4, 1L-13, and IL-10 reactome signaling by in-
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terleukins, KEGG cytokine and cytokine receptor
interactions, I1L-18 signaling pathway, senescence,
and autophagy in cancer were significantly down-
regulated in elderly women with IS, but significant-
ly upregulated in elderly men with IS. Reportedly,
the expression of leukocyte adhesion molecules is
significantly increased in patients with acute IS
compared to healthy controls”. Cytokines, as the
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Figure 3. Gene set enrichment analysis. a, Gene set enrichment analysis for elderly women with IS. b, Gene set enrichment analysis
for elderly men with IS. The Y-axis represents gene set, whereas the X-axis represents logFC of the distribution of the core molecules
in each gene set. Each gene set corresponds to a peak and the shape of the peak represents logFC of the distribution of the core mol-
ecules in the gene set, and the position of the peak height indicates where the 1ogFC values of most of the molecules in the group are
concentrated at this position. When normalize enrichment score (NES) is negative, the summit of the gene set is generally on the left
side of zero; however, when it is positive, the summit of the gene set is generally on the right side of zero.
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Figure 4. PPI network and hub
genes of DEGs. a, PPI network
for elderly women with IS. b, Re-
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downregulated genes in the PPI
networks. Each node represents
a gene. The connection (edge)
between nodes represents the in-
teraction between these nodes
in the PPI network. ¢, Hub genes
and their interactions in elderly
women with IS identified using
MCODE. d, Hub genes and their
interactions in elderly men with
IS identified using MCODE. e,
Hub genes and their interactions
of elderly women with IS iden-
tified using the MCC method in
cytoHubba. f, Hub genes and their
interactions in elderly men with IS
identified using the MCC method
in cytoHubba. The more intense
the red node color, the higher the
gene score in cytoHubba.
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elderly women with IS elderly men with IS

Figure 5. Venn diagram showing the hub genes common to elderly women and men with ischemic stroke.
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Figure 6. Hub genes in elderly patients with ischemic stroke (IS) and their healthy counterparts. a-b, Expression level of
four hub genes in elderly women with IS and healthy controls. Red and blue indicate the expression of hub genes in elderly
women with IS and healthy controls, respectively. ¢-d, Expression of four hub genes in elderly men with IS and healthy con-
trols. Red and blue indicate the expression of hub genes in elderly men with IS and healthy controls, respectively. Significance
identification: ns, p > 0.05; *, p <0.05; **, p <0.01; *** p <0.001. The horizontal line in the middle of the box represents the
median, whereas the upper and lower sides of the box represent the upper quartile (75" percentile) and the lower quartile (25"
percentile) in box chart, respectively.
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Table IlIl. Receiver operating characteristics analysis results for elderly women and men with ischemic stroke.

mRNA Cut-off value Se (%) Sp (%) AUC 95% ClI
Elderly women with IS~ IL-1B 12.423 1.000 1.000 1.000 1.000-1.000
Elderly women with IS IL-6 6.448 1.000 1.000 1.000 1.000-1.000
Elderly women with IS~ ICAMI 8.440 1.000 1.000 1.000 1.000-1.000
Elderly women with IS~ CCL4 11.905 1.000 1.000 0.960 0.849-1.000
Elderly women with IS~ IL-1A 5714 1.000 1.000 1.000 1.000-1.000
Elderly women with IS~ CXCL2 10.957 1.000 1.000 1.000 1.000-1.000
Elderly women with IS~ PTGS2 10.743 1.000 1.000 1.000 1.000-1.000
Elderly women withIS ~ IFNG 7.247 1.000 1.000 1.000 1.000-1.000
Elderly women with IS~ CCR2 10.680 1.000 1.000 1.000 1.000-1.000
Elderly women withIS  TNFRSFIA 8.355 1.000 0.800 0.960 0.849-1.000
Elderly men with IS IL-1B 11.766 1.000 1.000 1.000 1.000-1.000
Elderly men with IS IL-6 5.907 1.000 1.000 1.000 1.000-1.000
Elderly men with IS ICAMI 8.633 1.000 1.000 1.000 1.000-1.000
Elderly men with IS CCL4 11.354 1.000 1.000 1.000 1.000-1.000
Elderly men with IS IL-1A 5.647 1.000 1.000 1.000 1.000-1.000
Elderly men with IS CXCL2 10.523 1.000 1.000 1.000 1.000-1.000
Elderly men with IS TNF 8.405 1.000 1.000 1.000 1.000-1.000
Elderly men with IS CXCLI 6.544 1.000 1.000 1.000 1.000-1.000
Elderly men with IS TNFAIP3 12.347 1.000 1.000 1.000 1.000-1.000
Elderly men with IS IL-IRN 9.436 1.000 0.800 0.960 0.849-1.000

Se, sensitivity; Sp, specificity; AUC, area under the curve; CI, confidence interval.

key factors in the inflammatory mechanism, can
contribute to the progression of ischemic damage
in IS®, Inflammation has also been reported**
to contribute to the onset and progression of IS by
causing thrombosis, infiltration of immune cell and
solute infiltration into the brain parenchyma, and
destruction of the blood-brain barrier.

Our findings indicated that sex differences
in elderly patients with IS were significantly
associated with proinflammatory cytokines and
their downstream signaling pathways. These
results provide valuable information on the
pathophysiological mechanisms of IS in elderly
patients.

The hub genes, /L-1B, IL-6, ICAMI1, CCL4,
IL-14, and CXCL2, were downregulated in el-
derly women with IS, but upregulated in elder-
ly men with IS. Furthermore, PTGS2, IFNG,
CCR2, and TNFRSFIA were expressed exclu-
sively in elderly women with IS, whereas TNF,
CXCLI1, TNFAIP3, and ILIRN were exclusively
expressed in elderly men with IS. ROC curves
were constructed to further determine the di-
agnostic efficiency of the biomarkers. All hub
genes showed acceptable diagnostic values
(AUC > 0.95), indicating their potential as rel-
evant diagnostic markers. Therefore, the hub

genes identified in this study possibly play an
important role in several aspects related to the
initiation and progression of IS.

The IL-1 cytokine family includes IL-1A, IL-
1B, and the interleukin 1 receptor antagonist (IL-
1Ra). IL-1A has been shown? to increase neuro-
protection against stroke in a male mouse model,
whereas IL-1B showed?* increased mRNA levels
in rats with ischemia/reperfusion (I/R) injury.
Furthermore, 1L-1Ra, encoded by /LIRN, can
competitively bind to ILIR and block IL-1A
and IL-1B binding?. Some* have also observed
that in male patients with IS, the concentration
of IL-6 is significantly correlated with brain in-
farct volume, clinical outcome, and stroke se-
verity. TNFRSFIA, previously called TNFRI,
encodes a transmembrane receptor for TNF, and
increased levels of TNFRI expression have also
been reported”” in patients with IS. TNFAIP3,
also known as 420, is an important mediator of
the anti-inflammatory response and a suppressor
of the NF-xB pathway. The expression levels of
A20, TNF, and PTGS2 have been reported?? to
be upregulated in mice with middle cerebral ar-
tery (MCAO). Furthermore, rats with I/R injury
also showed significantly increased TNF-a and
IFNG-y mRNA levels®. In contrast, in a clinical
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Figure 7. Receiver operating characteristic (ROC) curves for the hub genes corresponding to elderly women and men for
predicting IS. a-j, ROC curves for the expression levels of ILIB, IL6, ICAMI1, CCL4, ILIA, CXCL2, PTGS2, and IFNG (lower
relative to the control) and those of CCR2 and TNFRSF14 (higher relative to the control) respectively, for predicting IS in
elderly women. k-t, ROC curves for the expression of /L1B, IL6, ICAM1, CCL4, ILIA, CXCL2, TNF, CXCLI, TNFAIP3, and IL-
IRN (higher relative to the control), respectively for predicting IS in elderly men. The abscissa represents 1-specificity (FPR),
whereas the ordinate represents sensitivity (TRP). The area value under the ROC curve generally varied between 0.5 and 1.

The closer the AUC is to 1, the better the diagnostic effect and the higher the diagnostic accuracy.
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study®!, no significant changes were observed in
the expression levels of TNF, IL-14, IL-1B, and
IL-1Ra in patients with IS compared with those
in the control group. In the aforementioned clin-
ical study?®', patients were aged over 18 years of
age and admitted within 48 h of symptom ap-
pearance.

Furthermore, patients underwent treatment
for thrombosis. In another clinical study’, low
expression levels of /L-14, IL-1B, IL-6, and TNF
were observed in women, however, these genes
were overexpressed in men. In this study, the re-
sults for IL-14, IL-1B, and IL-6, but not for TNF,
were consistent with these findings’. Moreover,
inconsistencies in the results could be attributed
to differences in the study design (pre-clinical
versus clinical), sex, and age of the research sub-
jects. However, our results are like those of a pre-
vious study’, in which the results of the stratified
analysis were interpreted considering age and sex
into consideration.

ICAM-1 is a type | transmembrane protein
expressed on the cell surface of numerous cell
types*2. It contributes to the recruitment of leuko-
cytes from circulation to the inflammation site*.
Higher serum ICAM-1 levels have been detected
in men with acute IS exhibiting poor outcomes
than in those exhibiting good outcomes**, which
is consistent with the results reported in our study.

Inflammatory responses in atherosclerotic
plaque vulnerability and cerebral infarction are or-
chestrated by CC and CXC chemokines®. In partic-
ular, CXCL2 is involved in regulating the inflam-
matory response process*®, whereas CXCLI1 attracts
neutrophils. It has also been reported®” that CXCLI
expression is markedly increased in an adult male
C57BL/6 mouse model of thromboembolic stroke
and significantly increased serum CCR2 serum lev-
els have been observed”” in patients with IS. CCL4,
also known as macrophage inflammatory pro-
tein-1P, is located on chromosome 17 and potentially
exerts chemoattraction®. Tt has also been reported®
that the expression of CCL4 and TNF-a can predict
infarction volume in acute IS.

The discrepancies observed between the re-
sults of our work and those of previous studies
could be explained by the differences in the in-
clusion criteria, ages of the samples included, in-
terpretation of the results based on the patients’
sex, source data for patients with different ethnic-
ities and the races, and control groups comprising
healthy relatives of patients with IS. In animal
experiments, young male animals are usually se-
lected as MCAO models, whereas patients with IS

in clinical practice are predominantly the elderly.

Although the underlying mechanisms involved
in discriminating gene expression levels between
patients of different sex are not fully understood,
in recent years, several attempts have been made
to bridge this knowledge gap. Sex-specific differ-
ences have been observed*’ notably in pathological
samples obtained from male and female patients
with IS. Thrombotic strokes are more common in
men, whereas embolic strokes are more common
in women*'. A close association between sex and
the location has been observed*?, wherein women
are more likely to experience a stroke involving
the anterior circulation, whereas men are more
likely to experience lacunar strokes. IS pathophys-
iology is also affected by the sex of the patients®.
For example, cell death mechanisms may differ
depending on the sex of the patient®. In another
study®, sex differences were observed regarding
autophagy and autophagy regulators in IS. How-
ever, opposing trends, such as increased Beclinl
levels in male mice with stroke and decreased
Beclinl levels in female mice with stroke, have
been observed®. Genetic and epigenetic factors,
differential activation of the cell death program,
intercellular signaling pathways, and systemic
immune responses have sex-specific implications
in IS prevalence and progression*.

Limitations

Although we identified some sex-specific hub
genes that showed significant associations with IS
in elderly patients, our study had several limita-
tions. First, the sample size was relatively small.
These gene hubs should be validated in a larger
cohort to further evaluate their diagnostic and/or
prognostic potential. Second, the hub genes were
not further confirmed using quantitative or qual-
itative gene/protein expression validation tech-
niques. The expression of the hub genes can be
validated using blood samples from patients with
IS. Furthermore, cellular and animal experiments
should be conducted to further assess their ex-
pression levels in elderly patients with IS of dif-
ferent sexes, and elucidate the direct effect of the
genes in elderly individuals with IS.

Conclusions
We used the GSE22255 dataset to identify
sex-specific DEGs in elderly patients with IS. The

top 10 sex-specific hub genes that could be used
as novel markers, specifically for elderly female
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and male patients with IS, were identified. These
genes have the potential for clinical applications
as sex-specific markers associated with IS diag-
nosis, treatment, and prognosis.
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