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Abstract: Objective To screen for potential biomarkers of abdominal aortic aneurysm ( AAA) using single-cell RNA
(scRNA) data analysis,

infiltration analysis. Methods

weighted gene co-expression network analysis ( WGCNA ), machine learning, and immune
The scRNA sequencing data containing AAA and normal aorta control (NAC) in the
gene expression database were downloaded and processed by data quality control, dimensionality reduction, differential
analysis,
during AAA genesis, and to screen for differentially expressed genes (DEGs). High dimensional WGCNA ( hdWGC-

NA) was performed to identify AAA-related gene modules, and enrichment analysis was conducted. Conventional tran-

and cell type annotation. Chronological analysis was proposed to screen for the earliest differentiated cell types

scriptome sequencing data containing AAA and NAC was downloaded for differential analysis and WGCNA. DEGs of
scRNA samples, DEGs of conventional transcriptomes and WGCNA results were integrated to screen genes associated
with AAA lesions. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG) signaling pathway
enrichment analysis were carried out. The potential biomarkers of AAA were screened using the least absolute shrinkage
and selection operator (LASSO) , support vector machine recursive feature elimination (SVM-RFE) , and random for-
The results of scRNA
data analysis showed that endothelial cell was the earliest cell type to differentiate during AAA development, and a total
of 853 scRNA DEGs were obtained. hdWGCNA identified 2 gene modules associated with AAA, which were signifi-
cantly enriched in the signaling pathways of T helper 17 cell differentiation, and T helper 1 and 2 cell differentiation.
which

significantly enriched in signaling pathways such as chemokines, T helper 17 cell differentiation, and T helper 1 and 2

est (RF) machine learning methods. The immune infiltration analysis was performed. Results

Conventional transcriptome analysis yielded a total of 162 DEGs. Integration yielded 17 AAA-associated genes,

cell differentiation. The machine learning algorithm identified a potential biomarker for AAA, ecotropic viral integration
site 2B (EVI2B). The expression of EVI2B was higher in AAA samples than in NAC samples. The immune infiltration
results showed that the proportions of naive B cells, plasma cells, activated dendritic cells and neutrophils were higher
in AAA samples than in NAC samples. EVI2B was positively correlated with M2 macrophages, M1 macrophages, CD8
T cells, plasma cells, helper follicular T cells, MO macrophages, and neutrophils; and it was negatively correlated with
resting dendritic cells. Conclusion AAA pathogenesis involves a variety of immune cells and signaling pathways, and
EVI2B expression is significantly increased in AAA samples, correlating with a variety of immune cells, which may be
a new target for AAA treatment.
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Figure 1

Single-cell quality control and dimensionality reduction clustering

A : Adjusting mitochondrial and red blood cell gene proportions to ensure cell sample quality; B: A total of 2,000 highly
variable genes represented in red, with labels for the top 10 gene names; C: Dimensionality reduction and batch effect
removal show well-overlapping data among samples, ensuring comparability; D: UMAP plot after cell clustering.
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Figure 2  Single-cell annotation
A Selection of marker genes for each cell cluster; B: UMAP plot showing cell annotation for AAA and NAC samples;
C. Bar chart depicting proportions of different cell types between AAA and NAC samples.
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Figure 3 ScRNA pseudo-temporal analysis

A Time differences in cell differentiation, where deep blue represents early stages of differentiation and light blue repre-
sents late stages; B Differentiation trajectories for all cells of abdominal aorta; C. Cell differentiation between AAA and
NAC samples; (D and ) represent the time point of cell differentiation.
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Figure 4 hdWGCNA of endothelial cell

A Top left panel depicted the soft power threshold =9, for choosing a scale-free topology model fit greater than or equal
to 0.9. The bottom left panel, top right panel, and bottom right panel showed the mean, median, and max connectivity of
the topological network respectively when different minimum soft thresholds were chosen, reflecting the connectivity of
the network. The average connectivity of the topological network was most stable at the lowest soft threshold equals 9;
B Thirteen modules were identified as shown in the hdAWGCNA dendrogram; C. The correlation score between the mod-
ules and endothelial cell, and the darker the color, the higher the correlation; D . The correlation of the modules with dif-
ferent cell types, where red indicates positive correlation, blue indicates negative correlation and the darker the color, the
higher the correlation; E: Hub genes in each module were identified and ranked by kME; F: KEGG pathway enrichment

analysis of EC-M6 module and EC-M11 module related genes;

M11 module related genes.

G: GO enrichment analysis of EC-M6 module and EC-
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A': Hierarchical cluster analysis; B: Heatmap of the correlation between the module eigengenes and clinical traits.
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Figure 7 Screening and enrichment analysis of AAA-related genes
A: Venn diagram of screened AAA-related genes; B: ScCRNA pseudo-temporal analysis heatmap of AAA-related genes;
C. KEGG pathway enrichment analysis of AAA-related genes; D: GO enrichment analysis of AAA-related genes.
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Figure 10 Immune infiltration analysis

A: Heatmap comparing 22 immune cell subtypes between AAA and NAC samples; B: Heatmap shows the correlation
between 22 different immune cell types in AAA and NAC samples, where red indicates positive correlation, blue indi-
cates negative correlation, and the stronger the correlation, the darker the color; C. Bar chart shows the proportional
differences of 22 immune cell types between AAA and NAC samples.
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Figure 11

The correlation analysis between EVI2B expression and immune cells proportion

A: Scatter plot of correlation between EVI2B expression and proportion of immune cells; B: Lollipop plot of correlation
between EVI2B expression and proportion of immune cells.
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