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ABSTRACT
Spinal cord ischemia-reperfusion injury (SCII) often causes neurological 
damage and devastating sensory and motor dysfunction. Identifying key 
genes and signaling pathways in SCII progression may provide novel 
therapeutic targets. Two gene expression datasets (GSE138966 and 
GSE167274) were obtained from the Gene Expression Omnibus database. 
Differentially expressed genes were identified using R software, followed by 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analyses. Hub genes were screened via Venn analysis, and a 
protein-protein interaction (PPI) network was constructed using Cytoscape 
software. Key hub genes were validated by qRT-PCR in a rat SCII model. A 
total of 99 hub genes were identified, including 60 up-regulated and 39 
down-regulated genes. KEGG analysis revealed significant enrichment in 
MAPK, cAMP, and Rap1 signaling pathways. PPI network analysis 
highlighted Ccl2, Mmp9, Itgb1, Timp1, Myd88, and Lgals3 as central nodes. 
qRT-PCR validation showed persistent up-regulation of Tnc, Thbs2, and 
S100a10 at 1h, 24h, and 48h post-SCII; early up-regulation of Msn, Lcp1, 
Lcn2, and Akap12 at 1h; and delayed up-regulation of Itga5 at 48h (P < 
0.05). This study identifies novel, key SCII-related genes that have been 
largely overlooked and, for the first time, defines their time-dependent 
expression patterns via in vivo experimental validation. Our findings provide 
crucial mechanistic insights and nominate promising therapeutic targets for 
SCII.

Introduction
Spinal cord ischemia-reperfusion injury (SCII), a severe complication 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS

mailto:dolinet@163.com
mailto:majinzhong1963@sina.com


associated with aortic surgery or various spinal pathologies, including trauma, 
degeneration, and tumors, leads to devastating sensory and motor dysfunction 
1. The fundamental mechanism of SCII lies in calcium overload and metabolite 
accumulation, which are triggered by energy metabolism disorders during the 
ischemic phase. Subsequently, during the reperfusion stage, tissue damage is 
further exacerbated through the activation of oxidative stress bursts, 
inflammatory cascades, as well as apoptosis and necrosis pathways 2,3. 
Although current therapeutic approaches, such as early surgical 
decompression, cerebrospinal fluid drainage, vascular interventions, steroid 
administration, and antioxidant use, can alleviate the damage to a certain 
degree, they are ineffective in halting the progression of paraplegia 4-6. 
Therefore, a comprehensive and systematic investigation is urgently needed 
to identify effective therapeutic targets and develop more efficacious 
treatment strategies.
Bioinformatics, an interdisciplinary field, serves as a powerful tool for 
elucidating disease mechanisms by decoding molecular networks 7. By delving 
deeper into these molecular networks and the genes that constitute them, we 
can gain crucial insights into the pathogenesis of SCII. With the recent rapid 
advancements in microarray and high-throughput sequencing technologies, it 
has become possible to rapidly detect differentially expressed genes (DEGs) 
and conduct multi-timepoint analyses of SCII progression 8. For instance, Zhou 
et al. 9 utilized high-throughput RNA sequencing to identify differentially 
expressed long non-coding RNAs (lncRNAs) and messenger RNAs (mRNAs) in 
the spinal cords of rats after SCII. This study revealed genome-wide expression 
patterns of lncRNAs and mRNAs in the spinal cords post-SCII, suggesting that 
these RNAs may play pivotal roles in the pathophysiological processes 
following SCII. Furthermore, by utilizing transcriptomic analysis of 
photothrombotically induced ischemic lesions in the cerebral cortex and spinal 
cord, Pavic et al.10 investigated inflammatory responses and repair activities 
in the ischemic brain and spinal cord between day 1 and day 7 post-ischemia. 
Based on these research results, it is evident that potential key genes with 
significant expression in SCII and involvement in pathological and 
physiological changes should be identified. However, to date, such genes 
remain largely unknown. 
In this study, we applied bioinformatic analysis methods to screen for DEGs 
between SCII samples and control samples. Through the characterization of 
dysregulated hub genes and key pathways, we aimed to enhance the systems-
level understanding of SCII mechanisms. Moreover, by integrating 
bioinformatics predictions with quantitative polymerase chain reaction (qPCR) 
validation in a rat SCII model, we sought to strengthen the reliability of our 
research results.

Results

Identification of DEGs in GSE138966 and GSE167274
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Bioinformatics analysis was conducted following the workflow outlined in 
Figure 1S. DEGs were identified separately in GSE138966 and GSE167274 
datasets. Specifically, we analyzed DEGs between control and SCII groups at 
48 hours rat post-SCII in GSE138966, and at 1-day, 3-day, and 7-day C57BL/6J 
mice post-SCII in GSE167274. In GSE138966 ， a total of 278 DEGs were 
identified (|logFC| > 1, P.adj < 0.05), including 256 up-regulated and 22 down-
regulated genes (Supplemental Document 1). In GSE167274，time-course 
analysis revealed: 2438 DEGs (1176 up-regulated, 1262 down-regulated) were 
identified at 1-day post-SCII; 2933 DEGs (1687 up-regulated, 1246 down-
regulated) were identified at 3-day post-SCII; and 3810 DEGs (2100 up-
regulated, 1710 down-regulated) were identified at 7-day post-SCII (|logFC| > 
1, P.adj < 0.05)( Supplemental Document 2). Heatmaps (Figure 1) and 
volcano plots (Figure 2) visualized DEG expression profiles between control 
and SCII groups. For GSE167274, time-series analysis based on 
transcriptional dynamics stratified SCII samples into 16 clusters (Figure 2S 
and Supplemental Document 3). Cluster membership ranged from 622 
(Cluster 12) to 1,610 genes (Cluster 6), with red/purple lines indicating high 
membership and yellow/green lines indicating low membership. 

Functional Enrichment Analysis of DEGs via GO and KEGG Pathways
GO and KEGG enrichment analyses were performed to annotate DEG functions. 
The top 10 GO terms for GSE138966 and GSE167274 was displayed in Figure 
3, respectively. KEGG pathway analysis identified top 20 enriched pathways 
(Figure 4). Based on these data, the five core pathways and their respective 
associated hub genes are presented in Figure 3S. In particular, the MAPK 
signaling pathway in GSE138966 primarily involves the genes Epha2, Dusp2, 
Flt1, Angpt2, Il1a, Rps6ka3, Artn, Flnc, Ereg, Dusp5, Gadd45g, Nfkb2, Cd14, 
Myd88, Gadd45b, Bcl2a1, Map2k3, Nfkb1, and Map3k8. In GSE167274, this 
pathway mainly includes the genes Nlk, Cacng3, Fgfr1, Map3k10, Ret, 
Rasgrp1, Myc, Nfkb2, Akt3, Nr4a1, Cd14, Irak4, Rela, Myd88, and Gadd45g 
(Figure 3S). Besides, the relationships among key pathways were also 
revealed respectively (Figure 4S). Then Venn analysis was used for 
overlapped KEGG pathways at 1-day, 3-day and 7-day after C57BL/6J mice 
SCII in GSE167274 (Figure 5S). Dynamic pathway enrichment was performed 
based on Venn analysis of three time points after SCII in GSE167274, with 
MAPK, cAMP, and Rap1 signaling pathways emerging as central to SCII 
pathogenesis (Figure 5). 

PPI Network of Hub Genes
To explore the common genes with persistently abnormal expression during 
the SCII process, we conducted an integrated analysis of DEGs from the two 
datasets. For homologous mapping, we retrieved homologous gene datasets 
between rats and mice from the Ensembl database 
(https://mart.ensembl.org/index.html; Ensembl Release 115, August 2025)(see 
Supplemental Document 4). Subsequently, we integrated the DEG results 
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of the two datasets based on homologous mapping (Supplemental 
Documents 5 & 6). Since the SCII-related datasets in GSE167274 are divided 
into three time points (1-day, 3-day, and 7-day post-SCII), we performed Venn 
analysis based on three sets of DEG results integrated via homologous 
mapping (Supplemental Document 7). A total of 64 hub genes (|logFC| > 1, 
P.adj < 0.05) and 21 hub genes (|logFC| > 2, P.adj < 0.05) were obtained 
(Figure 6S). Focusing on DEGs with |logFC| > 2, key hubs included Tm4sf1, 
Tnc, Thbs1, Bcl2a1b, Bcl2a1a, Bcl2a1d, S100a10, Plin2, Timp1, Lcp1, Itga5, 
Csf2rb2, Tagln2, Fcgr2b, Fcgr3, Thbs2, Msn, Pdpn, Lgals3, Lcn2 and Akap12, 
all of which were up-regulated. Based on these results, PPI networks for rats 
and mice were constructed separately using STRING and visualized in 
Cytoscape (Figure 6). 
According to the Cytoscape analysis results, the network of 64 DEGs (|logFC| > 
1, P.adj < 0.05) in the rat organism ultimately contained 40 nodes, 274 edges, 
and the average number of neighbors was 6.85. Notably, in rat tissue, Ccl2 
was connected to 44 DEGs, Mmp9 to 38, Itgb1 to 32, Lgals3 to 28, Myd88 to 
28, Thbs1 to 26, and Timp1 to 22. Meanwhile, in the network of 64 DEGs 
(|logFC| > 1, P.adj < 0.05) in the mouse organism, there were 44 nodes, 364 
edges, and the average number of neighbors was 8.273. Similarly, in mouse 
tissue, Ccl2 was connected to 48 DEGs, Mmp9 to 46, Itgb1 to 40, Timp1 to 34, 
Fcgr3 to 32, Myd88 to 30, and Lgals3 to 30.

In Vivo Validation of Hub Genes
SCII rat models were established to validate hub gene expression. The hind 
limb motor function between sham and SCII group was recorded using BBB 
scoring system (Figure 7S). It showed significantly lower motor function in 
SCII group compared to Sham group at all time points following spinal cord 
ischemia (P < 0.05). According to the biological function and the result of 
bioinformatic analysis, eight more promising and previously understudied hub 
genes (Tnc, Thbs2, S100a10, Msn, Lcp1, Lcn2, Akap12, and Itga5) in SCII 
were selected to validate the expression levels in vivo (Table 1). As shown in 
Figure 7, the expression of Tnc, Thbs2, and S100a10 was markedly elevated 
at 1h, 24h, and 48h post-ischemia, demonstrating a sustained 
activation pattern throughout the early and sub-acute phases of SCII. In 
contrast, a distinct cluster of genes, including Msn, Lcp1, Lcn2, and Akap12, 
exhibited a transient early response, with significant up-regulation observed 
only at the 1h time point. The expression of Itga5 was significantly increased 
specifically at 48h, suggesting a role in the delayed pathological processes. 
These results robustly align with our bioinformatics predictions, 
experimentally confirming the involvement of these hub genes in SCII 
pathogenesis.

Gene Protein Function Ref.
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Lcn2
Neutrophil gelatinase-

associated lipocalin

Involve in multiple processes such as apoptosis, innate immunity and 

renal development.
20

Itga5 Integrin alpha-5
A receptor for fibronectin and fibrinogen. It recognizes the sequence R-

G-D in its ligands.
21

Akap
12

A-kinase anchor protein 

12

Anchoring protein that mediates the subcellular compartmentation of 

protein kinase A (PKA) and protein kinase C (PKC).
22

Tnc Tenascin

Extracellular matrix protein implicated in guidance of migrating 

neurons as well as axons during development, synaptic plasticity as 

well as neuronal regeneration.

23

Lcp1 Plastin-2

Plays a role in the activation of T-cells in response to costimulation 

through TCR/CD3 and CD2 or CD28. Modulates the cell surface 

expression of IL2RA/CD25 and CD69.

24

S100
a10

Protein S100-A10
As a regulator of protein phosphorylation in that the ANXA2 monomer 

is the preferred target (in vitro) of tyrosine-specific kinase.
25

Msn Moesin

Ezrin-radixin-moesin (ERM) family protein that connects the actin 

cytoskeleton to the plasma membrane and thereby regulates the 

structure and function of specific domains of the cell cortex. 

The role of moesin is particularly important in immunity acting on both 

T and B-cells homeostasis and self-tolerance, regulating lymphocyte 

egress from lymphoid organs.

26, 

27

Thbs
2

Thrombospondin-2
Adhesive glycoprotein that mediates cell-to-cell and cell-to-matrix 

interactions. Ligand for CD36 mediating antiangiogenic properties.
28

Table 1. Details of selected hub genes

Discussion
SCII represents a critical form of secondary spinal cord injury, primarily driven 
by oxidative stress imbalance and inflammation respond within the spinal cord 
microenvironment 29. Identifying novel biomarkers for early diagnosis, 
targeted therapy, and prognosis of SCII holds significant clinical value 30. 
Microarray and high-throughput technologies are pivotal tools for 
investigating gene expression profiles and deciphering the molecular 
mechanisms underlying complex diseases. In this study, integrated analysis of 
microarray datasets has enhanced our understanding of SCII pathogenesis 
and revealed temporally dynamic molecular signatures with prognostic 
implications. Here, we analyzed DEGs from two independent datasets 
(GSE138966 and GSE167274) comparing SCII and control samples. Venn 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



analysis identified key hub genes which were significantly up-regulated in SCII 
tissues. These genes are implicated in inflammatory signaling, extracellular 
matrix remodeling, and cell adhesion key processes in SCII pathophysiology. 
The constructed PPI network revealed functionally interconnected modules 
mediating critical biological processes in SCII, including signal transduction, 
transcriptional regulation, and inflammatory cascades. Cytoscape 
visualization highlighted Ccl2 as the most central node (connected to 48 DEGs), 
followed by Mmp9 (44 DEGs), Itgb1 (38 DEGs), Timp1 (34 DEGs), Myd88 (30 
DEGs), and Lgals3 (28 DEGs). These findings align with prior studies. The 
Ccl2/Ccr2 axis amplifies monocyte-driven tissue damage in inflammatory 
diseases 31,32. Mmp9 inhibition improves spinal cord injury recovery by 
reducing neuronal apoptosis and preserving blood-spinal cord barrier integrity 
33,34. Notably, Myd88 acts as a central hub in inflammatory signaling, which 
can induce signaling from several receptors, located either at the plasma 
membrane or in endosomes 35,36. Lgals3 has been linked to myocardial 
ischemia-reperfusion injury 37. Yan et al. 38 reported up-regulation of 
S100a10, Timp1, and Lgals3 in injured neurons and sub-acute spinal cord 
injury models, which was further validated our findings.
Functional enrichment analysis via GO and KEGG pathways provided 
mechanistic insights into SCII. KEGG analysis revealed significant enrichment 
of MAPK, cAMP, and Rap1 signaling pathways across time points in 
GSE167274. The MAPK pathway modulates post-injury inflammatory 
responses by modulating cytokine and chemokine expression, while p38-
MAPK activation drives secondary SCII apoptosis 39,40. Activation of the 
Epac/Rap1 pathway could alleviates brain ischemia-reperfusion injury 41, 
suggesting conserved mechanisms across central nervous system injury 
models. Collectively, these pathways represent promising therapeutic targets 
for mitigating secondary injury in SCII.
Based on hub gene functions and their roles in the central nervous system, 
eight key genes were selected for expression validation. Tenascin-C (TNC), an 
extracellular matrix protein, guides neuronal/axonal migration during 
development and regulates synaptic plasticity and regeneration. It promotes 
neurite outgrowth in cultured neurons and is up-regulated in inflammatory 
conditions (e.g., traumatic injury, bacterial infection) 42,43. Thrombospondin-2 
(THBS2), a secreted matrix protein, modulates angiogenesis, tissue 
remodeling, and inflammation by mediating cell-matrix interactions 44,45. 
S100A10 exhibits neuroprotective effects via the cerebral fibrinolytic system, 
serving as both a stroke damage mitigator and thrombolytic therapy enhancer 
46,47. Moesin (MSN) links the plasma membrane to the actin cytoskeleton and 
induces autoimmune responses in aging mice 48. Lymphocyte cytosolic protein 
1 (LCP1) influences neuroinflammation and ischemic brain injury, with LCP1 
inhibition reducing brain damage 49. Lipocalin-2 (LCN2) regulates cell death, 
inflammation, and iron transport, contributing to neuroinflammation and 
neuronal death in brain injury models 50,51. A-kinase anchor protein 12 
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(AKAP12) stabilizes cellular structures and restricts immune cell infiltration in 
fibrotic scars, promoting central nervous system recovery 52. Integrin alpha-5 
(ITGA5), expressed in immune cells, correlates with immune infiltration 53. 
In vivo RT-PCR validation showed that Tnc, Thbs2, and S100a10 were 
significantly up-regulated at 1, 24, and 48 hours post-SCII. Msn, Lcp1, Lcn2, 
and Akap12 were up-regulated at 1 hour, while Itga5 exhibited delayed up-
regulation at 48 hours. It may support the prognostic value of these selected 
hub genes and pathways, positioning them as promising biomarkers and 
therapeutic targets for SCII.
This study has several limitations. First, it relies on secondary analysis of 
existing microarray datasets (GSE138966 and GSE167274) without 
independent in vivo high-throughput sequencing, which may introduce batch 
effects or dataset-specific biases. Second, while we validated eight hub genes, 
the functional characterization of their downstream signaling pathways 
remains unaddressed. Future studies should integrate multi-omics approaches 
(e.g., proteomics and metabolomics) to explore SCII mechanisms 
comprehensively and validate candidate biomarkers in clinical cohorts.
In summary, this bioinformatics-driven study characterizes gene expression 
profiles and molecular pathways in SCII, identifying dysregulated 
inflammatory signaling, cell adhesion networks, and tissue remodeling 
pathways as central to pathogenesis. We further identified and validated eight 
up-regulated hub genes, many of which have been relatively neglected in SCII 
research. Among these, Tnc, Thbs2, and S100a10 demonstrated persistent 
up-regulation across the injury timeline, marking them as central and 
sustained contributors to pathogenesis. These findings provide mechanistic 
insights and nominate potential therapeutic targets and biomarkers for SCII, 
warranting further translational investigation.
 

Methods

Microarray Data Source

The datasets GSE138966 9 and GSE167274 10 were downloaded from the Gene 
Expression Omnibus (GEO) database. GSE138966 represents a high-
throughput sequencing-based expression profiling dataset generated using 
the Illumina HiSeq 4000 platform for Rattus norvegicus. This microarray 
dataset includes six spinal cord samples: three control samples and three 
injury samples collected 48 hours after spinal cord ischemia-reperfusion. 
GSE167274 is an array-based expression profiling dataset utilizing the 
Affymetrix Clariom S Assay (including Pico Assay) for C57BL/6J mice. The 
dataset comprises 32 samples in total, covering lesions in both the cerebral 
cortex and spinal cord across days 1 to 7 post-ischemia. Of particular focus 
were spinal cord lesion samples, which included three control and three 
ischemic samples per group at each time point (1-day, 3-day, and 7-day) after 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



ischemia.  

Data processing

Identification of SCII-Related Differentially Expressed Genes
Differential gene expression analysis was performed using the "limma" 
package in R 11 on control and ischemic spinal cord samples from GSE138966 
and GSE167274, respectively, to characterize gene expression alterations 
associated with SCII. DEGs were identified using thresholds of absolute log₂ 
fold change (|logFC|) > 1 and adjusted p-value (P.adj) < 0.05. Volcano plots 
and heat maps were generated to visualize DEG profiles for GSE138966 and 
GSE167274.
To characterize dynamic gene expression patterns at different time points 
post-SCII in GSE167274, a soft clustering approach was applied using the 
Mfuzz package in R. This method assigned genes to multiple clusters based on 
their expression similarity, with normalization performed using a min.std 
value of 0.1. Genes with high membership values in specific clusters 
(calculated by the acore function) were considered functionally similar.

GO and KEGG Pathway Enrichment Analysis
To explore the biological functions and signaling pathways involved in 
differential hub genes, the R package ‘clusterProfiler’12 was used for gene 
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis. GO analysis includes three categories: biological 
processes (BP), molecular functions (MF), and cellular components (CC). The 
KEGG database is employed to identify enriched biological pathways 13. 
Enrichment analyses for GO terms and KEGG pathways were conducted using 
the clusterProfiler package in R14, with statistical significance defined as 
P.adj< 0.05. GO terms were categorized into BP, CC, and MF functional 
groups.

Protein-Protein Interaction (PPI) Network Construction
PPI networks are constructed to visualize and analyze functional interactions 
among proteins, which are involved numerous activities of life processes, such 
as biological signaling, control of gene expression, energy and material 
metabolism, and cell cycle regulation 15. DEGs identified via Venn diagram 
analysis were uploaded to the STRING database (version: 12.0; https://string-
db.org/) 16, to generate PPI networks depicting known and predicted 
interactions. Network visualization was performed using Cytoscape (v3.10.2) 
(https://cytoscape.org/download.html)17, where node size and edge thickness 
represented interaction confidence: red nodes with thick dark blue edges 
indicated high-degree nodes, while yellow nodes with thin light blue edges 
denoted low-degree nodes. Hub genes with the highest connectivity were 
positioned centrally in the network. 

Animal Model Establishment and Hub Gene Validation
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This study was performed in accordance with relevant guidelines and 
regulations. All methods were reported in accordance with ARRIVE guidelines, 
and all animal experiments were approved by the Experimental Animal Ethics 
Committee of Jiangsu University (No. 11974, China). Healthy male Sprague-
Dawley (SD) rats (280–310g) were obtained from the Animal Experimental 
Center of Jiangsu University and randomized into Sham (n=6) and SCII (n=6) 
groups. SCII models were established as previously described 18: rats were 
anesthetized with isoflurane (#R510-22-10, RWD Life Science, Shenzhen, 
China), and a midline abdominal incision was made to expose the aorta. 
Heparin was administered intravenously 5 min before aortic clamping to 
prevent thrombosis. The aorta was clamped below the left renal artery using 
bulldog clamps for 1 hour, followed by reperfusion upon clamp removal. At the 
end of surgery, gentamicin (40,000 U) was administered intraperitoneally to 
prevent infection, and incisions were closed with silk sutures. In the sham 
group, the surgical procedure was performed in the same sequence but 
without aortic occlusion. Rats were housed in sterile cages with ad libitum 
access to food and water. 

Neurobehavioral Evaluation 
Hindlimb motor function was assessed using the Basso, Beattie, and 
Bresnahan (BBB) scale 19 at 1h, 6h, 24h, and 48h post-ischemia. The BBB scale 
evaluates hindlimb movement, trunk stability, gait coordination, claw 
placement, and tail position (0 = complete paralysis, 21 = normal function). 
Two independent observers blinded to group assignments evaluated scores, 
and mean values were calculated.

Real-time Quantitative PCR (qRT-PCR)
Rats were euthanized under isoflurane anesthesia, and L4-L6 spinal cord 
segments were harvested and stored in TRIzol (#15596-018, Invitrogen). Total 
RNA was extracted using a commercial kit (Vazyme Biotech, Nanjing, China), 
and RNA concentration was quantified using a NanoDrop™ One 
spectrophotometer (Thermo Fisher Scientific, USA). Complementary DNA 
(cDNA) was synthesized using MiniAmp™ Plus Thermal Cycler and SYBR 
Green qPCR Mix (Vazyme Biotech, Nanjing, Jiangsu Province, China). Primers 
for Tnc, Thbs2, S100a10, Msn, Lcp1, Lcn2, Akap12 and Itga5 were designed 
via NCBI and synthesized by Sangon Biotech (Shanghai, China) (Table 1S). 
qRT-PCR was performed on an Applied Biosystems™ 7500 system using SYBR 
Green Master Mix (Vazyme Biotech), with GAPDH as the internal control. 
Relative gene expression was calculated using the 2⁻ΔΔCt method across 
three independent experiments. 

Statistical Analysis 

Data analysis was conducted using the R programming language (R Studio, 
v4.3.0) (https://www.r-project.org/) and GraphPad Prism 9. mRNA expression 
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levels are presented as mean ± standard deviation (SD) from three biological 
replicates. The BBB scoring data were analyzed using non-parametric method 
and compared using the Kruskal–Wallis test followed by the Mann–Whitney U-
test. Student’s t-tests were used to compare hub gene expression between 
Sham and SCII groups. All statistical tests were two-sided, and P < 0.05 was 
considered significant.
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Figure 1. Heatmaps of GSE138966 and GSE167274 to observe the 
trends of the expression of differentially expressed genes (DEGs). The 
red area indicates high gene expression, while the blue area indicates low 
expression. 
A. Heatmap for top 20 DEGs between control and SCII groups at 48 hours 

after rat SCII in GSE138966. B. Heatmap for top 20 DEGs between control 
and SCII groups at 1-day after C57BL/6J mice SCII in GSE167274

C. Heatmap for top 20 DEGs between control and SCII groups at 3-day after 
C57BL/6J mice SCII in GSE167274
D. Heatmap for top 20 DEGs between control and SCII groups at 7-day after 
C57BL/6J mice SCII in GSE167274
DEGs are sorted in descending order by the absolute value of logFC, and the 
top 20 DEGs are selected for heatmap visualization.
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Figure 2. Volcano plots revealed the differentially expressed genes 
(DEGs) of the spinal cord ischemia injury (SCII) samples compared to 

the controls in GSE138966 and GSE167274
A. Volcano plot for DEGs between control and SCII groups at 48 hours after 
rat SCII in GSE138966 (|logFC| > 1& P.adj < 0.05)
B. Volcano plot for DEGs between control and SCII groups at 1-day after 
C57BL/6J mice SCII in GSE167274 (|logFC| > 1& P.adj < 0.05)
C. Volcano plot for DEGs between control and SCII groups at 3-day after 
C57BL/6J mice SCII in GSE167274 (|logFC| > 1& P.adj < 0.05)
D. Volcano plot for DEGs between control and SCII groups at 7-day after 
C57BL/6J mice SCII in GSE167274 (|logFC| > 1& P.adj < 0.05)
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Figure 3. GO function enrichment in GSE138966 and GSE167274
A. The dotplot representing TOP 10 biological processes (BP), cellular 
components (CC) and molecular functions (MF) of GO analysis of differentially 
expressed genes (DEGs) in GSE138966; . 
B. The dotplot representing TOP 10 BP, CC and MF of GO analysis of DEGs in 
GSE167274, the results of 1-day, 3-day and 7-day in C57BL/6J mice spinal cord 
ischemia are the same.  
Color indicates p.adj; node size indicates the number of genes enriched in GO 
terms.
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Figure 4. KEGG function enrichment in GSE138966 and GSE167274
A. The dotplot for TOP 20 KEGG pathway analysis of DEGs at 48 hour after rat 
spinal cord ischemia injury (SCII) in GSE138966; 
B. The dotplot for TOP 20 KEGG pathway analysis of DEGs at 1-day after 
C57BL/6J mice SCII in GSE167274; 
C. The dotplot for TOP 20 KEGG pathway analysis of DEGs at 3-day after 
C57BL/6J mice SCII in GSE167274; 
D. The dotplot for TOP 20 KEGG pathway analysis of DEGs at 7-day after 
C57BL/6J mice SCII in GSE167274; 
Vertical coordinate shows KEGG terms; node size indicates the number of 
genes enriched in the pathway; node color indicates p.adj. 

Figure 5. dotplot for KEGG at different time points after spinal cord 
ischemia injury (SCII) in GSE167274 

A. The dotplot for TOP 20 KEGG pathway re-analysis of DEGs at 1-day after 
C57BL/6J mice SCII in GSE167274. 
B. The dotplot for TOP 20 KEGG pathway re-analysis of DEGs at 3-day after 
C57BL/6J mice SCII in GSE167274.
C. The dotplot for TOP 20 KEGG pathway re-analysis of DEGs at 7-day after 
C57BL/6J mice SCII in GSE167274.
Vertical coordinate shows the GO terms; node size indicates the number of 
genes enriched in the pathway; node color indicates p.adj. 
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Figure 6. PPI network.
A total of 64 hub DEGs after homology analysis (|log2FC| > 1, P.adj < 0.05) 
were constructed respectively via STRING and visualized in Cytoscape in 
GSE138966 and GSE167274 (Red nodes with thick dark blue edges indicates 
a high-degree node, while yellow nodes with thin light blue edges denotes 
low-degree nodes). 
A. Organism selection: Rattus norvegicus; After analysis using String 
website, 44 nodes and 364 edges are obtained.
B. Organism selection: Mus musculus; After analysis using String website, 40 
nodes and 274 edges are obtained.

Figure 7. The mRNA expression of Hub Genes at different time points 
following spinal cord ischemia
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Compared with sham group, the expression levels of TNC, THBS2, S100A10 
at 1h, 24h and 48h after ischemia were increased. Meanwhile, the expression 
of MSN, LCP1, LCN2 and AKAP12 were increased at 1h after ischemia, and 
the expression of ITGA5 was increased at 48h after ischemia. I/R, spinal cord 
ischemia-reperfusion. *P < 0.05 vs Sham group. 
Student’s t-tests were used, and all statistical tests were two-sided.
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