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Abstract 

Intracranial aneurysms (IAs) and abdominal aortic aneurysms (AAAs) are both vascular diseases that are closely linked. 
However, the pathogenesis underlying the co-occurrence of IAs and AAAs remains poorly understood. This study 
aims to identify key biomarkers that shed light on the molecular mechanisms connecting these two diseases using 
bioinformatics analysis. Gene expression profiles (GSE122897, GSE237229) were obtained from the Gene Expression 
Omnibus (GEO) database. Differentially expressed genes (DEGs) common to both IAs and AAAs were identified 
and subjected to functional enrichment analysis. The Cytoscape cytoHubba plugin was used to identify hub genes, 
and their predictive ability was evaluated using the receiver operating characteristic (ROC) curve. Additionally, 
immune infiltration analyses and single-gene gene set enrichment analysis (GSEA) were conducted for the hub 
genes. A total of 46 DEGs were identified, including 40 upregulated genes and 6 downregulated genes. The 
common DEGs were found to be involved in extracellular matrix structural constituents, collagen fibril organization, 
and regulation of basic cellular processes. ITGA11 was identified as a key gene implicated in the comorbidity 
of IAs and AAAs, with its upregulation strongly associated with plasma cells. Furthermore, in both IAs and AAAs, 
glycosaminoglycan biosynthesis of extracellular matrix components and immune-related diseases were significantly 
linked to the high expression of ITGA11. Our findings suggest that the comorbidity of IAs and AAAs may be driven 
by shared inflammatory and immune response mechanisms, with ITGA11 emerging as a potential biomarker for this 
co-occurrence.
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Introduction
An aneurysm is a cerebral hemangiomatous protrusion 
resulting from abnormal changes in local blood 
vessels. In recent years, as living standards have 
improved and lifestyles and dietary habits have 
transformed, the prevalence of intracranial aneurysms 
(IAs) has been steadily increasing, with a noticeable 
shift toward a younger demographic affected by this 
condition. The formation of intracranial aneurysms 
is a complex, gradual process involving multiple 
pathways, such as cell apoptosis and inflammation. 
[1, 2]. Additionally, factors like hemodynamic shear 
stress, blood flow velocity [3], and estrogen deficiency 
have been shown to promote the development of 
IAs[4]. Ruptured intracranial aneurysms can lead 
to subarachnoid hemorrhage (SAH), which may 
result in death or disability [5]. The etiology of 
abdominal aortic aneurysms (AAAs) remains unclear. 
However, smoking, hypertension, chronic obstructive 
pulmonary disease (COPD), and peripheral vascular 
diseases are recognized as risk factors [6]. Most 
AAAs are degenerative and may be associated with 
atherosclerosis [7]. Infections, such as syphilis and 
fungal infections, as well as autoimmune conditions 
like Takayasu arteritis and giant cell arteritis, have 
also been linked to the occurrence of AAAs [8]. 
An AAA typically arises from congenital structural 
abnormalities or acquired pathological changes in 
the arterial wall, leading to localized weakness and 
reduced tension in the vascular wall. The continuous 
impact of blood flow causes permanent abnormal 
expansion or bulging, resulting in changes to the 
structure and tension of the vessel wall. Factors such 
as the degradation of the extracellular matrix (ECM), 
the generation of reactive oxygen species (ROS), 
oxidative stress injury, apoptosis, and dysfunction of 
vascular smooth muscle cells (VSMCs) all contribute 
to this process [9]. Ruptured AAAs can lead to massive 
abdominal bleeding or even death [10]. Several studies 
have suggested a higher incidence of IAs in patients 
with AAAs, and conversely, an elevated prevalence 
of AAAs in patients with IAs [11–13]. The shared 
pathogenic mechanisms between the two conditions 
appear to be linked to genetic mutations associated 
with hereditary diseases [14, 15]. Investigating the 
molecular mechanisms underlying IAs and AAAs, 
along with improving early detection and treatment of 
these diseases, holds significant clinical importance.

Materials and methods
Data finding and processing
The workflow of this study is illustrated in (Fig. 1). We 
searched the keywords “intracranial aneurysm” and 

“abdominal aortic aneurysm” in the Gene Expression 
Omnibus (GEO) database. Datasets that included 
both aneurysm and normal tissue were selected, 
while datasets with small sample sizes, or data from 
peripheral blood or cerebrospinal fluid, were excluded. 
After removing duplicate subsets, the raw chip data 
for GSE122897 and GSE237229 were downloaded for 
analysis. GSE122897 contained vascular tissue data 
from 22 patients with intracranial aneurysms and 16 
control subjects. GSE237229 included tissue data from 
15 patients with abdominal aortic aneurysms and 9 
control subjects. The validation dataset, GSE75436, 
comprised vascular tissues from 15 patients with 
intracranial aneurysms and 15 controls. GSE57691 
contained tissue data from 49 patients with abdominal 
aortic aneurysms and 10 control subjects. More 
detailed information about the included datasets is 
provided in (Table 1).

Differentially expressed gene screening
Differentially expressed genes (DEGs) between the 
disease and control groups were identified using 

Fig. 1  Analysis Process Flow

Table 1  Information regarding the incorporated datasets

Dataset Platform Samples Disease Group

GSE122897 GPL16791 22 patients and 16 
controls

IA Discovery

GSE237229 GPL24676 15 patients and 9 
controls

AAA​ Discovery

GSE75436 GPL570 15 patients and 15 
controls

IA Validation

GSE57691 GPL10558 49 patients and 10 
controls

AAA​ Validation
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the"limma"package in R software. The screening criteria 
applied were logFC (fold change) > 2 and p-value < 0.05. 
Common DEGs shared by intracranial aneurysms 
(IAs) and abdominal aortic aneurysms (AAAs) were 
identified using the"VennDiagram"package. These 
common DEGs were subsequently retained for further 
analyses.

Functional enrichment analyses of the DEGs
To further explore the underlying biological processes, 
we analyzed the composition, molecular functions, 
and pathways of overlapping DEGs. Gene Ontology 
(GO) analysis and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis 
were performed using the online tool Database for 
Annotation, Visualization and Integrated Discovery 
(DAVID) (https://​david.​ncifc​rf.​gov/). This analysis 
aimed to transform raw data into meaningful 
biological insights. The results were visualized using 
the"ggplot2"package.

Construct the protein–protein interaction network 
and recognition hub gene
To gain deeper insights into the interactions among 
DEGs, the STRING network analysis tool (https://​
string-​db.​org/) was used to construct protein–protein 
interaction (PPI) networks, revealing their molecular 
mechanisms. The resulting PPI network was visualized 
using Cytoscape software. Additionally, the Molecular 
Complex Detection (MCODE) plugin was applied to 
identify highly interconnected gene clusters within the 
PPI network. The selection criteria in MCODE were 
as follows: MCODE score ≥ 4, degree cutoff = 2, node 
score cutoff = 0.2, k-core = 2, and max depth = 100. 
Furthermore, the Cytoscape plugin CytoHubba was 
utilized to identify hub crosstalk genes.

Confirm the correlation between the hub gene 
and immune infiltrating cells
Spearman’s correlation analysis was performed in 
R software to evaluate the relationship between the 
expression levels of hub genes and the proportions of 
infiltrating immune cells.

ROC analysis
To further evaluate the hub crosstalk gene as a 
common potential indicator for IAs and AAAs, 
receiver operating characteristic (ROC) analyses 
were performed using the datasets GSE122897 and 
GSE237229, with GSE75436 and GSE57691 serving 
as validation datasets. The area under the ROC curve 
(AUC) was used to assess diagnostic accuracy. The 

R package"pROC"was employed for data analysis 
and visualization. An ideal AUC value is 1, indicating 
perfect diagnostic ability, while values greater than 0.5 
suggest predictive capability. Higher AUC values reflect 
greater specificity and sensitivity.

Verify the genes that are most specific and sensitive
Following ROC analysis, the gene with the largest 
area under the curve (AUC) was identified as the most 
specific and sensitive marker. Expression values for 
this gene were then extracted from the corresponding 
datasets, GSE122897 and GSE237229, for further 
analysis. Validation was subsequently performed using 
the datasets GSE75436 and GSE57691.

Associations between the most specific and sensitive 
genes and the immune cell landscape
The gene file for 22 types of immune cells was downloaded 
from the CIBERSORT website (http://​CIBER​SORT.​
stanf​ord.​edu/). Statistical tests were performed using R 
software with one thousand permutations. The results 
provided the percentage ratios of immune cell types for 
all samples, ensuring that the sum of immune cell ratios 
for each sample equaled 1. Data with p-values < 0.05 were 
filtered from the CIBERSORT results for further analysis. 
The filtered data were then integrated to generate a 
comprehensive matrix of immune cell proportions. The 
visualization of CIBERSORT results was conducted using 
the R package"vioplot."Additionally, the most specific and 
sensitive genes identified in the previous ROC analysis 
were selected for correlation analysis to investigate their 
relationships with immune cells.

Results
After normalizing the expression matrix (Fig.  2), 
differential expression analysis was performed. A total 
of 288 genes were identified between the IAs group and 
the control group, including 148 up-regulated genes 
and 140 down-regulated genes. For the AAAs group, 
2100 genes were identified in comparison to the control 
group, including 1270 up-regulated genes and 830 down-
regulated genes. The results of the gene expression 
analysis are shown in the volcano plots in Fig. 3A, B.Next, 
we identified the intersection of the two diseases, which 
included 40 up-regulated genes and 6 down-regulated 
genes (Fig.  3C, D). The common differential genes are 
presented in the heatmap (Fig.  3E, F). Interestingly, 
ITGA11 was highly expressed in both IAs and AAAs 
compared to the control group.

https://david.ncifcrf.gov/
https://string-db.org/
https://string-db.org/
http://CIBERSORT.stanford.edu/
http://CIBERSORT.stanford.edu/
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Functional and pathway enrichment
The results of the Reactome gene set enrichment 
analysis for the co-expressed differential genes of IAs 
and AAAs are shown in Fig.  4. These co-expressed 
genes were primarily involved in biological processes 
such as collagen fiber formation, cell adhesion, 
and extracellular matrix organization (Fig.  4A). 
Interestingly, the cellular components and molecular 
functions of these genes were predominantly associated 
with the extracellular matrix and its components 
(Fig. 4B, C).

The KEGG pathway enrichment analysis of the 
co-expressed differential genes revealed significant 
involvement in the PI3 K-Akt signaling pathway, 
ECM-receptor interaction, and human papillomavirus 
infection, among other pathways (Fig.  4D). Both the 
GO and KEGG enrichment results highlighted a strong 
association between DEGs and the extracellular matrix 
(ECM).

Identification of the hub gene was achieved 
through the PPI network and modular screening technique
To identify the hub genes, we conducted a PPI network 
analysis of the 46 DEGs using the STRING database 
(Fig.  5A). The resulting network diagram, shown in 
Fig.  5B, includes 56 edges and 43 nodes. The most 
significant cluster of hub genes consisted of ITGA11, 
VCAN, THBS2, POSTN, ITGBL1, COMP, COL1 
A1, and COL1 A3. Subsequent correlation analysis 
revealed a positive correlation between these hub 
genes and various immune infiltrating cells, including 
M2 macrophages, monocytes, resting NK cells, CD8 
+ T cells, and plasma cells, among 22 other types of 
immune cells. Conversely, a negative correlation was 
observed with activated mast cells (Fig.  5C). We then 
used the CytoHubba plugin in Cytoscape to identify the 
central genes. All 12 algorithms pointed to ITGA11, 

Fig. 2  Box plots of sample expression before normalization (left) and after normalization (right). The x-axis represents sample information, 
and the y-axis represents gene expression values. A Before normalization of IA and control groups. B After normalization of IAs and control groups. 
C Before normalization of AAAs and control groups. D After normalization of AAAs and control groups
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VCAN, and THBS2 as the central crosstalk genes 
between IAs and AAAs (Fig. 6). Table 2 lists the top 10 
hub genes ranked by the CytoHubba plugin.

Diagnostic effect evaluation
To evaluate the potential of the selected DEGs as 
co-expression biomarkers for both IAs and AAAs, ROC 
analyses were performed on these genes. The results of 
the ROC curve analysis revealed that ITGA11 had the 

Fig. 3  A A volcano plot displays data from all genes, with each dot representing one gene. Genes meeting the screening criteria are depicted 
in blue (for downregulated) and red (for up-regulated), while the remaining genes are shown in gray. DEGs are shown on a volcano plot 
in GSE122897. B DEGs are shown on a volcano plot in GSE237229. C Venn diagram of upregulated DEGs shared by IAs and AAAs. D Venn diagram 
of downregulated DEGs shared by IAs and AAAs. E The top 46 DEGs shown in GSE122897 are displayed on a heatmap. F The top 46 DEGs shown 
in GSE237229 are displayed on a heatmap. DEGs, differentially expressed genes; IAs, Intracranial Aneurysm; AAAs, Abdominal Aortic Aneurysm
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highest predictive power for both diseases, with AUC 
values of 0.872 and 0.948. The detailed results are shown 
in Fig. 7.

Validation of ITGA11
We extracted the expression values of ITGA11 in IAs 
and AAAs cases and found that they were higher than 
those in the control group (Fig.  8A, B). For validation, 
GSE75436 was used for IAs, and GSE57691 was used 
for AAAs. In both cases, ITGA11 was up-regulated 
compared to the control group (Fig. 8C, D).

Relationship between ITGA11 and immune cell landscape
According to the results of the CIBERSORT algorithm, 
the immune status of patients with IAs and AAAs was 
significantly altered compared to the control group 
(Fig.  9). Additionally, correlation analysis revealed a 
significant association between ITGA11 and plasma cells 
in both diseases (Fig. 10).

GSEA analysis of ITGA11
GSEA enrichment analysis of the single gene ITGA11 
in IAs revealed the following pathways: multispecies 
apoptosis, biosynthesis of nucleotide sugars, 
glycosaminoglycan biosynthesis (chondroitin sulfate/
dermatan sulfate), p53 signaling pathway, and small cell 

lung cancer (Fig. 11A). In AAAs, the enriched pathways 
included glycosaminoglycan biosynthesis (chondroitin 
sulfate/dermatan sulfate), histidine metabolism, 
mismatch repair, starch and sucrose metabolism, and 
systemic lupus erythematosus (Fig.  11B). Interestingly, 
most of the pathways identified in both IAs and AAAs 
are related to immunoinflammatory and the extracellular 
matrix (ECM).

Discussion
An aneurysm is characterized by a permanent and 
irreversible local dilation of an artery. The global 
prevalence of intracranial aneurysms (IAs) is estimated 
to be between 2 and 5% [16–18], while abdominal 
aortic aneurysms (AAAs) affect approximately 5.5% 
of the population [19]. Aneurysmal subarachnoid 
hemorrhage, which occurs after the rupture of an IA, 
accounts for 5% of all strokes. Compared to other types 
of stroke, it has a poor prognosis and is associated with 
high rates of morbidity and mortality [20]. Similarly, the 
rupture of an AAA can result in life-threatening intra-
abdominal bleeding, with mortality rates ranging from 
65 to 85% [21]. The correlation between intracranial 
aneurysms (IAs) and abdominal aortic aneurysms 
(AAAs) is becoming increasingly apparent. However, 
few studies have explored their shared pathogenesis 

Fig. 4  A Gene Ontology (GO) enrichment analysis of Biological Processes (BP) B Gene Ontology (GO) enrichment analysis of Cellular Components 
(CC) C Gene Ontology (GO) enrichment analysis of Molecular Functions (MF) D Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment 
analysis results
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and common biomarkers. In this study, we identified 46 
genes shared by IAs and AAAs, which are enriched in 
biological functions and pathways primarily associated 
with immunity, inflammation, and the extracellular 
matrix (ECM). The extracellular matrix plays a critical 
role in immunity and inflammation, as the process of 
blood vessel remodeling induced by inflammation is 

largely mediated by ECM proteins and proteases. Matrix 
remodeling and vascular regression are essential for 
resolving inflammatory responses and promoting tissue 
repair [22]. Further analysis revealed that ITGA11 is 
a central crosslinker gene in the comorbidity of IAs 
and AAAs. Additionally, ITGA11 may regulate this 
comorbidity through immunoinflammatory pathways.

Fig. 5  A String-based PPI network with shared DEGs B Utilizing Cytoscape’s MCODE plug-in, the cluster subnet brings to light hub genes 
within the PPI network. Nodes and edges visually depict cluster members and their interconnections C The heatmap illustrates the correlation 
between central genes and the ratio of immune cells. Hub gene expression is depicted on the y-axis, while immune cells are represented 
on the x-axis. The positive correlation is indicated by red, the negative correlation by blue, and the intensity of color saturation reflects the strength 
of the correlation, as depicted in the accompanying barchart on the right
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Some studies suggest that aneurysm formation 
is caused by increased hemodynamic stress, which 
destabilizes the vascular wall, leading to morphological 
changes and potential rupture. The primary cellular 
mechanism for adapting to heightened hemodynamic 
stress involves the proliferation and migration of 
smooth muscle cells (SMCs) into the vessel cavity 
[23]. This process triggers significant inflammatory 
and proliferative responses in the surrounding tissues 
[24]. In IAs, endothelial dysfunction appears to be 
the main driver, involving an inflammatory response 
from macrophages and SMCs, ultimately leading to the 
apoptotic degradation of the extracellular matrix (ECM) 
and SMCs [25]. Inflammation is thus a critical factor 
in the pathogenesis of IAs [26]. Similarly, in AAAs, 

key pathological features include ECM remodeling, 
vascular smooth muscle degeneration, cell loss, and 
the accumulation and activation of inflammatory cells 
[27, 28]. Inflammation also plays a vital role in AAAs, 
significantly influencing factors related to aortic wall 
remodeling. Among these, monocytes and macrophage 
subpopulations play distinct and pivotal roles in 
initiating, developing, and healing aneurysms [29]. 
While ECM was once considered an inert framework, 
studies now highlight its dynamic role as a partner of the 
immune system [30].ECM not only provides structural 
support for the physiological activities of tissue cells 
but also plays a crucial role in immune regulation 
during both homeostasis and pathological states. 
Conversely, the immune system helps maintain stromal 

Fig. 6  Hub crosstalk genes are obtained through twelve algorithms provided by the CytoHubba Cytoscape plugin, designed for identifying hub 
nodes within the network. The intersections of sets are visualized as a matrix using the R package”UpSet.” Different colors in the legend, located 
in the bottom left, represent distinct algorithms. The y-axis of the bar plot indicates the number of intersecting genes, while the x-axis displays 
the set names. The matrix depicts which sets intersect with each other
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microenvironment homeostasis and repairs stromal 
integrity after injury [31, 32].

ITGA11 (integrin α11) was initially identified in 
differentiated fetal muscle cells and is predominantly 

expressed in fibroblasts and mesenchymal non-muscle 
cells [33]. As a major collagen receptor, it recognizes the 
GFOGER sequence in interstitial collagen, facilitating 
cell invasion and migration [34]. ITGA11 has been 

Fig. 7  Using receiver operating characteristic (ROC) analysis to examine candidate hub genes. The x-axis represents specificity, the y-axis represents 
sensitivity, and AUC represents the area under the curve. A ROC curves of three candidate genes (ITGA11, THBS2, VCAN) in GSE122897. B ROC 
curves of three candidate genes (ITGA11, THBS2, VCAN) in GSE237229. C Validation of the most significant diagnostic gene, ITGA11, in datasets 
GSE75436 and GSE57691
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reported to enhance the tumorigenicity of lung cancer 
by modulating IGF-2 [35]. Additionally, it plays a critical 
role in promoting skin inflammation, as demonstrated in 
Aldara-induced psoriasiform dermatitis (AIPD) [36].

In contrast to other widely studied integrin members, 
ITGA11 has been rarely reported in studies related to 
aneurysm formation. Our study identified ITGA11 

as a central crosstalk gene between IAs and AAAs. 
Enrichment analysis of the common DEGs revealed 
the involvement of inflammatory, immune, and 
extracellular matrix pathways in the comorbidities of 
IAs and AAAs. Immune infiltration analysis further 
demonstrated significant differences in immune 
status between patients with IAs and AAAs and 

Fig. 8  Expression and diagnostic significance of ITGA11 in IAs and AAAs. A Expression levels of ITGA11 in IAs patients were determined using 
GSE122897. B Expression levels of ITGA11 in AAAs patients were determined using GSE237229. C Validation of ITGA11 expression levels in IAs 
patients using GSE75436. D Validation of ITGA11 expression levels in AAAs patients using GSE57691. IAs, Intracranial Aneurysm; AAAs, Abdominal 
Aortic Aneurysm. *** p value < 0.001, **p value < 0.01, *p value < 0.05
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the control group. Additionally, correlation analysis 
indicated a strong association between ITGA11 
expression and Plasma cells. Single-gene-based GSEA 
identified pathways such as multispecies apoptosis, 
glycosaminoglycan biosynthesis (chondroitin sulfate/
dermatan sulfate), the P53 signaling pathway, and 
immune-related disease interactions. These findings 
suggest that ITGA11 may regulate the comorbidities 
of IAs and AAAs through mechanisms involving 
immune and inflammatory regulation, extracellular 
matrix interactions, and cell biological processes. 
Thus, ITGA11 may serve as a potential biomarker for 

the early detection and prevention of complications 
associated with IAs and AAAs.

The study has several limitations. First, the sample 
sizes in the datasets GSE122897 and GSE237229 are 
relatively small, which may introduce some deviations 
in the analysis and calculations. Second, due to the low 
incidence of IAs and AAAs complications, we were 
unable to collect clinical samples and identify microarray 
data within the limited time frame. This limitation may 
lead to an overinterpretation of the data. Third, our 
findings have not been validated through subsequent 
experiments, and thus, they require in vitro experimental 

Fig. 9  The immune infiltration landscape between disease and control groups. Violin plots of immune cell proportions. The y-axis represents 
the proportions of immune cells. A Immune infiltration status in IAs patients. B Immune infiltration status in AAAs patients

Fig. 10  The lollipop chart illustrates the correlation between ITGA11 and immune infiltrating cells. The y-axis represents immune infiltrating cells, 
with a positive correlation on the right side of the axis and a negative correlation on the left side. The size of the spheres indicates the strength 
of correlation, while the p-value is shown in the bar chart on the right. A Relationship between ITGA11 and Immune Infiltrating Cells in IAs. B 
Relationship between ITGA11 and immune infiltrating cells in AAAs



Page 13 of 14Liu et al. Orphanet Journal of Rare Diseases          (2025) 20:196 	

support as well as a larger number of follow-up clinical 
samples for actual clinical application.

Conclusions
This study provides new insights into the shared 
pathogenesis of intracranial aneurysms (IAs) 
and abdominal aortic aneurysms (AAAs). Using 
bioinformatics analysis, we identified the composition 
of immune cell infiltration and highlighted the central 
role of ITGA11 in the comorbidity of IAs and AAAs. 
ITGA11 regulates key immunoinflammatory pathways, 
extracellular matrix interactions, and cellular biological 
processes, and may serve as a promising biomarker for 
the early detection and prevention of complications 
associated with IAs and AAAs. These findings pave the 
way for future studies to validate ITGA11 as a target for 
clinical application.
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