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Background: Spontaneous intracerebral hemorrhage (ICH) is a subtype of stroke leading to high rates of morbidity and mortality in 
adults. Recent studies showed that immune and inflammatory responses might play essential roles in secondary brain injury. The 
purpose of this article was to provide a reference for further therapeutic strategies for ICH patients.
Methods: GSE206971 and GSE216607 datasets from the gene expression omnibus (GEO) database were used to screen the highly 
immune-related differentally expressed genes (IRDEGs). We used the CIBERSORT algorithm to assess the level of immune signatures 
infiltration and got the possible function of IRDEGs which was analyzed through Gene Ontology (GO) analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway analysis. Protein-protein interaction (PPI) networks and six hub genes were 
identified in the Cytoscape plug-in. GSVA algorithm was performed to evaluate the potential pathways of six hub genes in ICH 
samples. The expression level of IL-7R chosen from six hub genes was further validated by Western blotting. The cell models of ICH 
were established for the research of IL-7/IL-7R signaling way.
Results: A total of six hub genes (ITGAX, ITGAM, CCR2, CD28, SELL, and IL-7R) were identified. IL-7R was highly expressed in 
the mice ICH group, as shown by immunoblotting. Next, we constructed ICH cell models in RAW264.7 cells and BV2 cells. After 
treatment with IL-7, iNOS expression (M1 marker) was greatly inhibited while Arg-1(M2 marker) was enhanced, and it might function 
via the JAK3/STAT5 signaling pathway.
Conclusion: The hypothesis is proposed that the IL-7/IL-7R signaling pathway might regulate the inflammatory process following 
ICH by regulating microglia polarization. Our study is limited and requires more in-depth experimental confirmation.
Keywords: immune infiltration, intracerebral hemorrhage, CIBERSORT algorithm, IL-7 receptor

Introduction
Spontaneous intracerebral hemorrhage (ICH) remains one of the most devastating cerebrovascular diseases of significant 
morbidity and mortality,1,2 with a poor prognosis and a substantial burden on families.2 Indeed, the occurrence of ICH is 
rising with the increasing risk factors, such as the age of the population, hypertension, obesity, diabetes, and alcohol 
consumption.3 The primary bleed increases intracranial pressure which can cause physical disruption of the brain regions, 
subsequently, brain damage exacerbates neuroinflammatory reactions and release of clots.4 The individuals who survive 
the initial episode of ICH are susceptible to secondary damage to their peripheral parenchyma induced by the molecular 
and cellular reactions of the hematoma, potentially leading to long-term dysfunction or even death.5 Greater knowledge 
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of the causes of harm and prospective treatment options for ICH has resulted from a significant increase in preclinical and 
clinical investigations on ICH over the past 20 years.6 While some researches have demonstrated the potential of several 
neuroprotective medications, including thrombin inhibitors, cytotoxic pharmaceuticals, antioxidant drugs, and anti- 
inflammatory therapies, large-scale clinical trials have not proven the effectiveness of these medications.3,7 Thus, it is 
necessary to explore a more comprehensive understanding of the mechanism underlying ICH and the identification of 
novel therapeutic targets at different phases of ICH.

It has been discovered that the immune cascade plays a crucial role in ICH-induced brain damage and repair. 
Neuroinflammation is caused by a large number of immune cells triggering both innate and adaptive immune responses.8 This 
leads to the release of multiple cytokines, chemokines, free radicals, and other potentially toxic chemicals, which in turn disrupt 
the blood-brain barrier (BBB), brain edema, and cell death.3,9 Microglia are known as “first responders” in the early phases of ICH 
since they are resident immune cells in the brain.10 Activated microglia develop either a classically activated (M1, pro- 
inflammatory) or activated (M2, anti-inflammatory) phenotype in vitro, a process known as polarization.11,12 Acute neuroin-
flammation and hematoma regression during ICH are significantly influenced by polarized macrophages and microglia.10 

Activation of giant microglia was evident peri-hematoma from day 5 and consistently 7–12 days post-ICH.13 Local microglia 
sense the injury and are triggered by the release of various cytokines and chemokines, which coordinate the leukocyte recruitment 
to the injury regions.14 Increasingly, studies have reported that inhibiting microglia polarization toward M1 and promoting it 
toward M2 can resolve nerve injury and promote repair.15 Several targets that control microglia polarization to lessen inflamma-
tory reactions have been proposed as successful therapeutic approaches for brain tissue injured by ICH.16,17 However, clinical 
studies are necessary to confirm the safety and efficacy of therapy. The mechanisms involved in microglial activation following 
ICH are still required to be deeply investigated to seek new and promising cell-specific targets.

IL-7R is expressed by hematopoietic cells, especially those related to the lymphoid lineage, which includes developing T cells, 
B cells, and precursors of fetal dendritic cells.18 The level of expression of IL-7R regulates the homeostasis of the immune system 
and the development of normally functioning T cells.19 Nevertheless, several studies have shown that a variety of cancerous cell 
lines, such as those from lung cancer, melanoma, breast cancer, leukemia, and cutaneous T-cell lymphoma, express IL-7R.20 IL-7/ 
IL-7R signal transduction has bidirectional regulatory effects on tumors by activating downstream signaling pathways.21–24 It was 
found that IL-7R is also involved in the progression and pathophysiology of multiple inflammatory disorders, including 
inflammatory bowel disease (IBD) and autoimmune encephalomyelitis (EAE).25,26 It has been hypothesized that IL-7R may 
be associated with molecular subtypes of ischemic stroke (IS) and immunomodulation.27 By examining the in situ phenotypes of 
human monocytes in COVID-19 and RA patients, recent research discovered that CD127 designated a subgroup of monocytes/ 
macrophages that kept hypo-inflammatory behaviors inside the highly inflammatory tissue settings.28 The role of IL-7R in 
cerebral hemorrhage is still poorly explored, more thorough research is needed to confirm the role of IL-7R in ICH.

In this study, we analyzed the infiltration proportions of immune cells by the CIBERSORT algorithm and screened out 
immune-related differentially expressed genes (IRDEGs) of ICH tissue compared to SHAM brain tissue by bioinformatics 
analysis. Next, the IRDEGs were analyzed by Gene Ontology and Kyoto Encyclopedia of Genes and Genomes (KEGG). In 
addition, the hub genes were identified from the protein-protein interaction (PPI) network. Next, we analyzed the correlation 
between six hub genes and immune signatures. The IL-7R was chosen to preliminary explore whether the IL-7/IL-7R pathway 
affects the M1/M2 phenotypic transition in microglia/macrophages. The findings of the present study may provide a better 
understanding of pathophysiological mechanisms after ICH and further development of immunotherapeutic strategies for ICH 
patients.

Materials and Methods
Data Collection
RNA-seq transcriptome profiles of GSE206971, GSE216607, and GSE200575 in our research were obtained from the 
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/) database. The GSE206971 dataset contains 3 
intracerebral hemorrhage (ICH) models and 3 Sham models (SHAM). The GSE216607 and GSE200575 datasets include 
3 intracerebral hemorrhage (ICH) models, and 3 Sham models (SHAM), respectively. The GPL24247 platform was used 
to generate the transcriptome sequencing data, which are exclusively from C57BL/6 mice.
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Analysis of Differentially Expressed Genes (DEGs)
Biojupies (https://maayanlab.cloud/biojupies/) is used to identify DEGs between ICH and SHAM samples in datasets 
from the GEO database. The cutoff criteria were set as | log2 fold change (FC) | > 1 and p < 0.05. Volcano diagrams were 
delineated by statistical software environment R, version 4.2.1 (https://www.r-project.org/). BioLadder (https://www. 
bioladder.cn/web/#/pro/cloud) was used to create Venn diagrams.

Proportions of Immune Cell Subsets Between ICH and SHAM Samples
CIBERSORT is an analytical algorithm,29 which can be used to evaluate the cell proportions of 25 immune subsets in 
each sample.30 The result was visualized by SangerBox software (http://sangerbox.com/).31

Functional Enrichment Analysis
The Database for Annotation, Visualization, and Integrated Discovery (DAVID, https://david.ncifcrf.gov/) was used for analyzing 
immune-related differentially expressed genes (IRDEGs) of each GEO dataset.32,33 The results of Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were obtained. In this investigation, the top five results 
were displayed in ascending order of p-value (p <0.05). The analysis of gene set enrichment analysis (GSEA) was applied using 
GSEA software against the reference gene sets m2.cp.v2022.1.Mm.symbols.gmt, which was downloaded from the Molecular 
Signatures Database (MSigDB, http://software.broadinstitute.org/gsea/index.jsp).

Construction of PPI Network
Tool for the Retrieval of Interacting Genes (STRING, http://string.embl.de/) was used to construct a Protein-protein interaction 
network (PPI) of the identified IRDEGs. The PPI network was visualized by Cytoscape software (http://www.cytoscape.org/). 
A confidence score > 0.7 was considered as the criterion of judgment. Genes were represented by the nodes, and the connections 
between the genes were shown by the edges.

Selection and Analysis of Hub Genes
Key PPI network modules were identified through clustering analysis of gene networks using the Cytoscape plug-in Molecular 
Complex Detection (MCODE). The criteria of MCODE analysis are that node score cutoff = 0.2, degree cutoff = 2, Max depth = 
100, and K-core > 3. The cytoHubba is a common tool for further identifying the hub genes. The top 10 hub genes were 
determined using the maximal clique centrality (MCC) algorithm, which was ranked in descending order of score.

GeneMANIA (http://genemania.org/) was used to predict the functions of hub genes.34 The Pearson correlation 
analysis was performed between hub genes and immune cells to further analyze the immune mechanism during the 
development of ICH using the R package.

Gene Set Variation Analysis (GSVA)
The gene sets which included immune processes, inflammation, and signaling pathways were obtained from the GSEA. 
Under default conditions, the functional enrichment score of each sample was determined using the GSVA package (R 
environment).35 The pheatmap package was used to create a heatmap of the enrichment results (R environment).

Construction of a miRNA-mRNA Network
The database, miRWalk (http://129.206.7.150/), was used to predict the critical miRNAs.36 The interactions between 
miRNAs and mRNAs were integrated to construct a miRNA-mRNA correlation network. The target gene binding region 
was 3′UTR. The selected miRNAs were also found in the miRDB database (http://www.mirdb.org/). miRNAs that target 
more than two genes were labeled.

Animals
All animal experiments were performed in compliance with the Ethics Committee of Soochow University (Approval No. 
SUDA20230825A01) and the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Male 
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C57BL/6 mice (weight 23–28 g, 8–10 weeks old) were obtained from Jihui Laboratory Animal Company (Shanghai, 
China). All the animals were housed under controlled conditions (controlled temperature of 22 ± 1 °C, relative humidity 
of 50 ± 1%, 12 h light/dark cycle, and minimum-range environmental noise) and provided with standard food and water. 
Every attempt was made to reduce the quantity of mice and their misery. The animals were allocated into the following 
two groups at random: (1) SHAM: mice undergoing surgery in the absence of ICH; (2) ICH: mice receiving autologous 
blood injection. Blinding was used for the experimental procedures and result evaluations.

ICH Mouse Model
The procedure for modeling ICH by injection of autologous whole blood was referenced from the protocol of Rynkowski et al.37 

Briefly, mice were anesthetized using 1% pentobarbital sodium (50 mg/kg, i.p.). After anesthesia, the mice were fixed in the prone 
position on the brain stereotaxic apparatus.30 μL autologous blood from the angular vein was injected into the striatum at 2 μL/ 
min (10 μL followed by a 5-minute pause and then 20 μL followed by a 3 to 5 minutes pause) at the following coordinates relative 
to the bregma: 0.2 mm anterior, 2.3 mm lateral, and 3.5 mm deep. The sham-operated mice received the same procedures, 
including needle insertion, but they were not given blood injections. After 72 hours, mice were euthanized by deep anesthesia and 
then perfused transcardially with ice-cold phosphate-buffered saline (PBS). The entire brain of each mouse was weighed and the 
brain tissue surrounding the hematoma was subsequently isolated and placed in a −80 °C freezer for further experiments.

Cell Culture
Murine macrophages (RAW264.7, Procell Life Science&Technology, CL-0190, Wuhan, China) were cultured in DMEM high- 
glucose medium (Procell Life Science&Technology, PM150210, Wuhan, China). Mouse microglia cells (BV2) were purchased 
from Boster Biological Technology (Wuhan, China) and maintained in MEM (Procell Life Science&Technology, PM150410, 
Wuhan, China). RAW264.7 cells and BV2 cells were all supplemented with 10% FBS and 1% penicillin–streptomycin at 37°C 
and 5% CO2. The results of STR typing were favorable, and no human cells were contaminated.

RAW264.7 and BV2 cells were digested with 0.25% trypsin when they reached 80–90% confluence. After counting 
the cells, the cells were inoculated into 6-well plates at 5×105/2 mL and cultured overnight. The next day, different 
concentrations of hemin (0, 20, 40, 60, and 80 μM) were added to each well for stimulation, and the protein expression 
levels of IL-7R, inducible nitric oxide synthase (iNOS), and arginase-1 (Arg-1) were determined by Western blotting 
after 24 hours. Treatment: To investigate whether IL-7 alters the equilibrium of M1 and M2 differentiation, RAW264.7 
and BV2 cells were treated with hemin (80 μM each of imidazole in dimethylsulfoxide) for 24 h. IL-7 (50, 100, and 200 
ng/mL) was pre-spiked for 1 h. The levels of IL-7R, iNOS, and Arg-1 were then determined by Western blotting. Cells 
were harvested 24 hours later. The cell experiment was repeated three times.

Western Blot
Brain tissue hematoma sites were utterly ground in glass homogenizers against a pre-cooled RIPA lysis buffer that contained 
protease and phosphatase inhibitors to obtain 10% tissue homogenates, which were then lysed on ice for 30 minutes, subsequently 
centrifuged at 4°C for 20 min at 12,000 rpm. Protease inhibitor-containing RIPA lysis solution was used to lyse macrophages and 
microglia for 30 minutes on ice. The cells were then centrifuged for 20 minutes at 12,000g at 4°C. The concentrations of the 
supernatants were ascertained by using the BCA technique after they were collected.

Equal amounts of protein (30 μg of cell protein or 90 μg of tissue protein are placed in each well channel) were separated by 
10% SDS polyacrylamide gel electrophoresis (under 80 V for 30 min and then 120 V for 40 min), transferred to nitrocellulose 
(NC) membranes, and blocked with 5% skimmed milk. After overnight incubation at 4°C with primary antibodies, the 
membranes were treated with secondary antibodies that were conjugated with either anti-rabbit or anti-rat IgG. The antibodies 
used were as follows: anti-IL-7R (1:2000, Thermo Fisher Scientific Inc, 14-1271-82, Waltham, MA, USA); anti-GAPDH 
(1:10000, Proteintech, 10494-1-AP, Wuhan, China); anti-JAK3 (1:2000, Absin, abs115170, Shanghai, China); anti-p-JAK3 
(1:2000, Absin, abs139988, Shanghai, China); anti-STAT5 (1:2000, Absin, abs131821, Shanghai, China); anti-p-STAT5 (1:2000, 
Absin, abs130928, Shanghai, China); anti-iNOS (1:4000, Proteintech, 18985-1-AP, Wuhan, China); anti-Arg-1 (1:10000, 
Proteintech, 16001-1-AP, Wuhan, China); anti-Rat IgG (1:5000, Proteintech, SA00001-15, Wuhan, China); and anti-Rabbit 
IgG (1:10000, Proteintech, SA00001-2, Wuhan, China). At the end of the incubation of the secondary antibody, PBS was rinsed 
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three times,subsequently the proteins were visualized using an enhanced chemiluminescence system (ECL). Various protein 
bands were quantitatively analyzed using ImageJ software.

Statistical Analysis
GraphPad Prism 8.0.2 software was used to draw graphics and perform statistical analysis. All of the data are shown as 
mean ± standard error of the mean (SEM). Depending on whether the measurement data meets normality and homo-
geneity of variance, the statistical analysis of the two groups was carried out using the unpaired t-test, the Mann–Whitney 
U-test, or, in the event of multiple groups, the One-way analysis of variance (ANOVA) or the Kruskal–Wallis test. All 
statistical tests were two-sided at a significance threshold of 0.05. Differences are indicated by *; those at p < 0.05 are 
indicated by *; those at p < 0.01 are indicated by **; and those at p < 0.0001 by ****. The following R packages (version 
R-4.2.1) are mainly used: ggplot2, CIBERSORT, pheatmap, circlize, and GSVA.

Results
Identification of DEGs Between ICH and SHAM Brain Tissues
The GSE206971 dataset included information on 3 ICH samples and 3 SHAM samples; the GSE216607 dataset included 
information on 3 ICH samples and 3 SHAM samples. The sequencing information of the two datasets is from Mus 
Musculus, and both belong to the GPL24247 platform. The GSE206971 and GSE216607 data were obtained from mouse 
brain tissue 3 d after ICH (Table 1). According to the cutoff value of |log FC| ≥ 1 and adjusted p < 0.05, 1001 DEGs, 
including 946 upregulated genes and 55 downregulated genes, were obtained from the GSE206971 dataset; 2413 DEGs, 
including 2144 upregulated genes and 269 downregulated genes, were identified in GSE216607. Volcano plots showed 
the DEGs of GSE206971 (Figure 1A) and GSE216607 (Figure 1B).

Table 1 Basic Information of the Selected Datasets

Datasets Animals Number of Animals

Species Tissue Strategy Time Sham ICH

GSE206971 Mus musculus Brain RNA-Seq 3 days 3 3

GSE216607 Mus musculus Brain RNA-Seq 3 days 3 3
GSE200575 Mus musculus Brain RNA-Seq 24 h 3 3

Figure 1 Volcano plots of DEGs from the two datasets. (A and B) Volcano plots of DEGs from GSE206971 and GSE216607 datasets. The red dots represent upregulated 
differential genes, the blue dots represent differentially downregulated genes and the gray dots represent genes without significant differences. 
Abbreviation: DEGs, differentially expressed genes.
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Immune Cell Infiltration results
We explored whether the proportion of the infiltrating immune cells varied between ICH and SHAM samples using the 
CIBERSORT plug-in in the R package in two datasets. The results showed that the proportion of M0 macrophages in 
ICH tissues significantly was higher than that in SHAM tissues, which was significant in both the GSE206971 and 
GSE216607 datasets (Figure 2A and B). Significant differences in M2 macrophages, Th17 cells, and monocytes were 
revealed in the GSE206971 dataset (Figure 2A). Furthermore, we found that the change was significant “microglia 
pathogen phagocytosis pathway” and “causal network in microglia” in ICH samples compared with SHAM samples 
based on GSEA results in GSE206971 and GSE216607 datasets (Figure 2C and D).

Functional Enrichment Analysis
Next, the Venn diagrams revealed common IRDEGs between DEGs and immune-related genes. The 93 common 
IRDEGs were identified in the GSE206971 dataset and the 155 common IRDEGs were obtained in the GSE216607 
dataset (Figure 3A and B). To clarify the functions of IRDEGs, we used DAVID Bioinformatics Resources to perform 
GO function terms and KEGG pathway enrichment analysis. The results of biological process terms revealed that 
variations were predominantly enriched in the immune system process, inflammatory response, and innate immune 
response, which were similar in both GSE206971 and GSE216607 (Figure 3C and D).

The top five closely signaling pathways of KEGG analysis in the GSE206971 dataset were hematopoietic cell lineage, 
chemokine signaling pathway, complement and coagulation cascades, cytokine-cytokine receptor interaction, and 
tuberculosis (Figure 3C). In the GSE216607 dataset, the top five strongly linked signaling pathways of KEGG analysis 
were cytokine-cytokine receptor interaction, viral protein interaction with cytokine and cytokine receptor, chemokine 
signaling pathway, Toll-like receptor signaling pathway, and hematopoietic cell lineage (Figure 3D). Thus, we inferred 
that the immune processes might play an important role in ICH.

Construction and Analysis of the PPI Network
In the GSE206971 and GSE216607 datasets, to further investigate the interactions between the IRDEGs in the ICH 
samples compared with SHAM samples, a PPI network was constructed using the online STRING tool and visualized by 
the Cytoscape software (Figure 4A and B). In addition, we screened the MCODE plug-in to screen out key molecular 

Figure 2 The level of immune cell composition in different groups. (A and B) The proportion of immune cell infiltration between ICH and SHAM groups in two datasets 
(GSE206971 and GSE216607). The statistical analysis used was an unpaired t-test. *p < 0.05.(C and D) GSEA GO analysis of microglia in GSE206971 and GSE216607 datasets. 
Abbreviations: GSEA, Gene Set Enrichment Analysis; GO, Gene Ontology.
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complexes (module) based on the cut-off criteria. The results showed there was one cluster in GSE206971 (Figure 4C) 
and two clusters in GSE216607 (Figure 4D). Cluster 2 in GSE216607 was highly correlated with the results in 
GSE206971 and selected to identify the hub genes.

Identification of Hub Genes
Then, we used CytoHubba, a Cytoscape plug-in, to analyze the common hub genes in GSE206971 and GSE216607 datasets. 
According to the algorithm of maximal clique centrality (MCC), the top 10 hub genes were identified in the GSE206971 and 
GSE216607 datasets (Figure 5A and B). A total of six common genes between two datasets were selected as hub genes (ITGAM, 
ITGAX, CCR2, CD28, IL-7R, SELL) which were upregulated in ICH samples compared with SHAM samples. The expression 
levels of the four hub genes (ITGAX, CCR2, IL-7R, SELL) were also significantly up-regulated, and ITGAM and CD28 were 
not significant in the GSE200575 dataset (Figure 5C). Next, we uploaded hub genes to predict the function of these genes using 
the GeneMANIA database. As a result, immune process and chemokine-related functions were enriched, such as chemokine 
binding, T cell proliferation, cytokine binding, immune receptor activity, positive regulation of leukocyte cell-cell adhesion, and 
G protein-coupled chemoattractant receptor activity (Figure 5D). These results demonstrated that hub genes were correlated with 
immuno-inflammatory responses.

The Correlation Between Hub Genes and Immune Cells Was Analyzed
Most of the genes were correlated with certain types of immune cells, such as ITGAM and ITGAX, which were mainly 
expressed in monocytes, macrophages, microglia, and neutrophils. The relationship between cell markers of microglia and 
neutrophil and 6 hub genes analyzed using Pearson’s correlation analysis was performed. We chose CD86, ARG1, and 
TMEM119 as the markers of microglia and CD177 as the marker of neutrophil to perform correlation analysis. The results 

Figure 3 The enrichment analysis of IRDEGs by DAVID. (A and B) Identification of IRDEGs between immune-related genes and differentially expressed genes (DEGs) in 
GSE206971 and GSE216607 datasets. (C and D) Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of 
immune-related DEGs in GSE206971 and GSE216607 datasets. 
Abbreviations: IRDEGs, immune-related differentially expressed genes; DAVID, the Database for Annotation, Visualization, and Integrated Discovery; DEGs, differentially 
expressed genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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indicated that the cell markers of microglia and neutrophils were all positively correlated with hub genes based on the criteria of 
p-value < 0.05 (Figure 6A–D). Besides, we performed correlation analysis on the two kinds of immune cells and six IRDEGs. 
The results revealed that M1 macrophages were positively correlated with the six IRDEGs while M2 macrophages were 
negatively correlated with the six IRDEGs in both two datasets (Figure 6E and F).

Gene Set Variation Analysis (GSVA)
To further demonstrate the relationships between six hub genes and microglia and neutrophils and the pathways for the 
development of immune-inflammatory response, the GSVA algorithm was performed. The enrichment score illustrated 
that six hub genes were positively correlated with the neutrophil pathway, microglia pathogen phagocytosis pathway, 
NOD1/2 signaling pathway, Toll-like receptor cascades, and IL6 signaling pathway both in GSE206971 (Figure 7A) and 
GSE216607 (Figure 7B) datasets.

miRNA-Target Hub Gene Network Prediction
Subsequently, to further understand the mechanism of six hub genes, we predicted the miRNAs that may regulate 6 hub 
genes by using a comprehensive miRNA-target gene database, miRWalk. The results were shown in Figure 8. We found 
the common miRNA including mmu-miR-7021-3P and mmu-miR-1907 between IL-7R and Ccr2, muu-miR-330-3p and 
mmu-miR-12196-5p between Ccr2 and Cd28, mmu-miR-466a-5p between Cd28 and Itgam, which may participate in 
immune-inflammatory responses after cerebral hemorrhage.

The Expression of IL-7R Was Upregulated Following ICH
Next, the mice ICH models were constructed and the results showed the weight of the brain was significantly increased 
following ICH (Figure 9A). The IL-7R gene of interest was chosen from the hub genes obtained for further research, and 
the findings showed that IL-7R expression was considerably elevated after ICH (Figure 9B and C). Additionally, 

Figure 4 Identification of the hub network in IRDEGs. (A and B) A graphic representation of protein–protein network based on IRDEGs of ICH and SHAM groups in two 
datasets (GSE206971 and GSE216607). The color of a node reflects the degree calculated by Cytoscape. The darker the color, the higher the connectivity. (C and D) In two 
datasets (GSE206971 and GSE216607), the significant MCODE module was constructed from the PPI network according to the MCODE algorithm. 
Abbreviation: IRDEGs, immune-related differentially expressed genes.
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attention was given to the JAK/STAT5 pathway, which is a well-known signaling pathway downstream of the IL-7/IL-7R 
axis.38 The results showed that the expression of p-JAK3 and p-STAT5 increased in ICH samples (Figure 9B and C), 
which may help to explain how IL-7R is involved in the pathogenic process that occurs after ICH. The ICH cell models 
were then created to observe the activation status of macrophages and microglia. We used the hemin concentration 
intervals used by other researchers to determine which concentration of hemin would result in a more pronounced 
expression of IL-7R for subsequent studies.39,40 After hemin was added, the expression of IL-7R was greater than that of 
the control group (Figure 9D–G). To verify the role and underlying mechanism of the IL-7/IL-7R axis, we decided to add 
IL-7 (50, 100, and 200 ng/mL) to assay the expression of M1/M2 polarization-related markers to verify the role and 
intrinsic mechanism of the IL-7/IL-7R axis. The results showed that in hemin (80 μM) treated BV2 cells, IL-7 (200 ng/ 
mL) up-regulated the expression of Arg-1 (Figure 10A and B), the difference was statistically significant. There was 
a trend of decreasing iNOS expression, but it was not statistically significant. Similar trends were observed in RAW264.7 
(Figure 10C and D).

Discussion
Intracerebral hemorrhage, the most common subtype of focal stroke, occurs due to the extravasation of blood into the 
brain parenchyma.41 Although an increasing number of mechanistic studies have been performed, up to date, there is still 

Figure 5 Hub genes recognized by the cytoHubba plug-in. (A and B) In the GSE206971 and GSE216607 datasets, the top 10 hub genes were calculated by the MCC method 
in the cytoHubba plug-in. The gradation of color represents the value of the score according to the MCC method. (C) Expression of six hub genes in the GSE200575 
dataset. The statistical analysis used was an unpaired t-test. *p < 0.05; **p < 0.01. (D) The functions prediction of six common hub genes by GeneMANIA. 20 of the 
predicted genes are located in the outer circle while six hub genes are drawn in the inner circle. The color of the line represents different relationships between genes. The 
color within the gene dots indicates the functions of these genes.
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no effective treatment for improving the prognosis after ICH. It is imperative to further understand the progression of 
brain damage and find promising therapeutic targets. Regarding several previous studies, immune processes serve 
a significant role in the progress of ICH.42,43 In this study, to inspire new immune therapeutic ideas for patients with 
ICH, two mice ICH datasets were chosen from the GEO database to screen for the immune-related hub genes 

Figure 6 Correlation between hub genes and surface biomarkers of immune cells in GSE206971 and GSE216607 datasets. (A) Correlation between hub genes and 
Tmem119. (B) Correlation between hub genes and Cd86. (C) Correlation between hub genes and Arg1. (D) Correlation between hub genes and Cd177. The red color of 
the band represented the R-value. The darker the color, the higher the correlation. Pearson’s test was used for correlation analysis. (E and F) Correlation analysis between 
immune cells and six hub genes in two datasets (GSE206971 and GSE216607).

Figure 7 Gene set variation analysis. (A and B) Correlation analysis between six hub genes and gene sets related to immune processes, inflammation, and signaling pathways 
in two datasets (GSE206971 and GSE216607).
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Figure 8 miRNA prediction with miRWalk. Interaction network between six hub genes and their targeted miRNAs. The purple ellipses represent hub Genes. The green 
ellipses represent miRNAs and the Orange ellipses represent common miRNAs between hub genes.

Figure 9 IL-7R was highly expressed and the JAK3/STAT5 pathway was activated following ICH. (A) The statistical analysis of brain weight between the SHAM group and 
the ICH group. Data are presented as mean ± SEM. n=3. *p < 0.05. (B and C) The protein levels of IL-7R, p-JAK3, JAK3, p-STAT5, and STAT5 were determined by Western 
blotting analysis in SHAM and ICH mice. (D and E) The RAW264.7 cells were treated with hemin for 24 h. The protein levels of IL-7R, iNOS, and Arg-1 in RAW264.7 cells. 
(F and G). The BV2 cells were treated with hemin for 24 h. The protein levels of IL-7R, iNOS, and Arg-1 in BV2 cells. Values are presented as mean ± SEM with n = 3 per 
group. Statistical analyses were performed by unpaired t-test or one-way ANOVA (*p < 0.05, **p < 0.01,****p < 0.0001).
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respectively. At first, the GO and KEGG enrichment analysis were identified to investigate the biological functions and 
pathways of immune-related genes. Next, the PPI network by STRING database was constructed and the six common 
hub genes (ITGAX, ITGAM, CCR2, CD28, SELL, and IL-7R) were finally defined by the algorithm of MCC in both two 
datasets. Then, the major regulatory pathways of six hub genes were obtained by the GSVA package, and Pearson 
correlation analysis revealed that these hub genes have positive correlations with TMEM119, CD86, ARG1, and CD177, 
which defined multiple subtypes of immune cells jointly participating in the process of ICH, such as M1/M2 macro-
phages/microglia, and neutrophils. The aforementioned findings offered fresh avenues for investigation into cerebral 
hemorrhage therapy.

Endogenous non-coding RNA molecules known as miRNAs bind to a gene’s 3′UTR region and control gene 
expression by preventing or weakening the target gene’s capacity for translation.44 In our investigation, five miRNAs 
that target two or more hub genes were found. The study discovered that miR-330 activation suppresses BACH1 
expression at the post-transcriptional level, which prevents colorectal cancer cells from proliferating,45 and MicroRNA- 
1907 increases apoptosis in atherosclerosis-associated endothelial cells by blocking Bcl-2.46 According to our findings, 
ICH may be associated with the mRNA–miRNA interaction chain. More research is necessary to determine the possible 
mechanisms of miRNA after ICH.

In the present study, six hub genes (ITGAX, ITGAM, CCR2, CD28, SELL, and IL-7R) were identified and might 
provide a better–clear understanding of secondary inflammatory pathogenesis. Integrin Subunit Alpha M (ITGAM or 
CD11b) gene, which was considered as a surface marker of monocytes and essential adhesion molecule. ITGAM 
deficiency might attenuate the development, vascular structural damage, and the inflammatory response of abdominal 
aortic aneurysm (AAA) by reducing trans-endothelial migration of macrophages from the peripheral blood into the aortic 
wall as well as the accompanying proinflammatory cytokine secretion, suggesting a vital role of ITGAM in AAA.47 

Glibenclamide, a sulfonylurea receptor 1 antagonist, significantly reduced water content, expression of galectin-3 and 

Figure 10 M1/M2 polarization in macrophages and microglia was impacted by IL-7. (A and B) The BV2 cells were exposed to a 24-hour hemin (80 μM) treatment, while IL-7 
(50, 100, and 200 ng/mL) was added beforehand for one hour. Using Western blotting analysis, the relative protein levels of p-JAK3, p-STAT5, and IL-7R were detected. 
(C and D) Hemin (80 μM) was applied to the RAW264.7 cells for 24 hours, while IL-7 (50, 100, and 200 ng/mL) was added beforehand for one hour. Using Western blotting 
analysis, the relative protein levels of p-JAK3, p-STAT5, and IL-7R were detected. The data is displayed as mean ± SEM for each group, with n = 3. One-way ANOVA or the 
unpaired t-test were used for statistical analysis (**p < 0.01).

https://doi.org/10.2147/JIR.S438205                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 410

Cui et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


ITGAM, and activation of microglia in the cerebral cortex impaired region of rat ICH models.48 Integrin alpha 
X (ITGAX or CD11c), a defining marker for dendritic cells (DCs), was also associated with activated microglia that 
can develop in some neuroinflammatory disorders.49,50 Researchers have found that CD11c+ microglia were much more 
efficient than CD11c−microglia in inducing the release of IFN-γ and IL-17A by T cells.51 After ICH, circulating 
monocytes that traffick into brain tissue also have a significant function.52 CCR2+ inflammatory monocytes can have 
regulatory or pro-inflammatory functions. The upregulated CC chemokine receptor 2 (CCR2) regulates the migration and 
accumulation of monocytes/microglia in brain injuries under the stimulus of C-C motif ligand 2 (CCL2).53 Lack of CCR2 
decreased the hematoma volume early after collagenase-induced ICH but delayed its recovery.53 Blood-derived CCR2+ 

Ly6C(hi) monocyte cells contribute to neurologic disability in the early phase after ICH.54 The activation and polariza-
tion of microglia and infiltrating monocyte-derived macrophages play important roles in neuroinflammation.55 The 
previous studies indicated that the roles of microglia/macrophages might differ after ICH.56 Our analysis provided 
similar evidence that the hub genes related to the pathological process of ICH and infiltration of microglia/macrophages.

CD28, a receptor of T lymphocytes, binding B7-1 (CD80) which is primarily expressed on the surface of macro-
phages, dendritic cells, and activated B lymphocyte cells, regulates T cell activation and the secretion of inflammatory 
cytokines.57 Anti-B7-1 antibody treatment improved learning and memory, mediating the prognosis by blocking the B7- 
1/CD28 pathway after ICH.58 Treg cells could restrict inflammatory response and release of cytokines mediated by 
microglia through the NF-κB pathway, providing a protective neurological function in ICH.59 A CD28 super-agonist 
antibody, which can boost Tregs, reduced the inflammatory injury by shifting microglia/macrophage polarization toward 
the M2 phenotype.60 SELL (CD62L) is defined as a vascular adhesion molecule regulating leukocytic adhesion and 
migration. One research showed that a higher SELL level was found in the patients with symptomatic delayed cerebral 
infarction (DCI) after aneurysmal subarachnoid hemorrhage (SAH) compared with control subjects, which was sig-
nificantly connected with poor outcomes after 6 months of follow-up.61 IL-7 receptor (IL-7R) is reported to be expressed 
on CD4+ and CD8+ T cells and myeloid cells.62 The majority of the studies have focused on the T cell development and 
function of the IL-7/IL-7R pathway.63 In recent years, IL-7 and IL-7R were found more effects on other diseases. In 
rheumatoid arthritis (RA), it has been demonstrated that IL-7 and IL-7R were co-expressed on macrophages and 
endothelial cells compared to normal cells.64 IL-7-induced mouse bone marrow-derived macrophages (BMMϕs) into 
the M1 phenotype, which was further strengthened by the enhancement of IL-7R expression induced by LPS 
stimulation.65 Moreover, in LPS-primed BMMϕs, blocking IL-7R signaling reduced IL-7-induced TNF, IL-6, CCL2, 
and CCL5 secretion.65 Previous research showed that the anti-IL-7Rα mAb (A7R34) treatment induced a significant shift 
from M1 to M2 phenotype macrophage population at 3 days after spinal cord injury, and fewer Gr-1−CD45hiCD11bhi 

activated macrophages were observed in the A7R34 group compared with the rat-IgG control group, and the researchers 
reported that IL-7 displayed a strong chemotactic capacity for macrophages and anti-IL-7Rα mAb (A7R34) inhibited 
their infiltration into injured regions.66 Intraspinal infusion of IL-7 restricted functional recovery and exacerbated 
neuronal apoptosis in spinal cord lesions, which were possibly caused by the activation of the JAK/STAT5 pathway.67 

However, the role of IL-7R in ICH was not reported.
To further explore the complex mechanisms of post-ICH inflammation, the IL-7R gene was identified for further 

research. The findings demonstrated an association between high IL-7R expression and ICH development. Subsequent 
cellular investigations verified that the IL-7/IL-7R signaling pathway might offer a new way to understand the 
pathogenesis of ICH. The hypothesis is made that IL-7/IL-7R signaling way increases M2 macrophages/microglial 
polarization and inhibits M1 macrophages/microglial polarization. The specific mechanisms need to be more deeply 
validated. This study explored the role of IL-7R in cerebral hemorrhage in a preliminary manner. Despite certain 
limitations such as a lack of persuasiveness due to the small number of animals, it is hoped that this preliminary analysis 
will provide insight into the mechanisms underlying secondary inflammation following cerebral hemorrhage. The 
reliability of the present study needs to be validated by further in vivo and in vitro experiments.

Conclusion
In conclusion, we put out the hypothesis that, from the standpoint of the immune system, the IL-7/IL-7R signaling 
pathway could influence the polarization of microglia and macrophages, which is important for clarifying the precise 
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molecular mechanism of ICH and creating novel targets for immunotherapy. Further extensive validation is required for 
the particular mechanisms.
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