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[Abstract] Objective:To use single-cell RNA sequencing (scRNA-Seq) technology to interpret the cellular communication
landscape of coronary atherosclerosis (CA), and to explore the dominant cell subsets and their key genes. Methods-The
GSE131778 data set was downloaded and preprocessed, and quality controlling, dimension reduction clustering and annotation were
carried out. Then cell communication analysis was conducted by using CellChat package to identify dominant cell subsets. The
FindAllMarker function was used to screen differentially expressed genes (DEGs) between the dominant cell subpopulation and
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other cell subpopulations, and its protein-protein interaction (PPI) network was constructed. The DEGs ranked in the top five of the
Degree algorithm were taken as key genes. Then, the key genes were matched and mined with the cell communication network
analyzed by CellChat to obtain the ligand-receptor pairs (L-R) and the signal pathways mediated by the key genes, and the results
were visualized. At the same time, the atherosclerosis mouse model was constructed and RT-PCR was used to detect the expression
of key genes in carotid atherosclerosis lesions. Results* A total of 11 cell subsets were identified in CA lesions, including smooth
muscle cells, endothelial cells, macrophages, monocytes, etc. Cell communication results showed that CellChat detected 70
significant L-R and 26 related signal pathways in 11 cell subsets. Smooth muscle cell was the dominant cell subgroup with the most
significant interaction frequency and intensity with other cell subgroups in the active state of communication. The results of DEGs
screening showed that there were 206 DEGs between smooth muscle cell subsets and other cell subsets, among which /TGB2,
PTPRC, CCL2, DCN and IGFI were identified as key genes. The results of cell communication mediated by key genes showed that
CCL2 and ACKRI1 formed L-R and participated in the communication network between smooth muscle cells and endothelial cells
through mediating CCL signaling pathway. ITGB2 formed receptor complexes with ITGAM and ITGAX respectively, and then
formed L-R with C3 to mediate the complement signal pathway, participating in the communication network among smooth muscle
cells, macrophages and monocytes. The validation results of hub genes in animal experiments were consistent with the results of
bioinformatics analysis. Conclusion*Smooth muscle cells are the dominant cells in the pathological process of CA, and have
extensive communication networks with other cells. They can construct cellular communication networks with endothelial cells,
macrophages and monocytes through CCL and complement signaling pathways mediated by CCL2-ACKR1, C3-(ITGAM-+ITGB2)
and C3-(ITGAX+ITGB2).

[Key words] coronary atherosclerosis; single-cell RNA sequencing (scRNA-Seq); smooth muscle cell; cellular communication
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Note: A. Number of cell genes in the sample. B. Number of transcript sequencing counts in the sample. C. The proportion of mitochondria in all the cells in the

sample. D. The top 1 500 mutated genes with high intercellular standard deviation.
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Figl Quality control results for samples from the GSE131778 dataset
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Note: A.The distribution of cells in the sample in PC1 and PC2. B. P value for each PC. C. +~-SNE plot of clustering distribution of 18 cell subpopulations.
D. +-SNE diagram of the distribution of cell subpopulations after annotation. NK cell—nature killer cell; DC—dendritic cell.
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Fig 2 Dimension reduction clustering and annotation results for samples in the GSE131778 dataset
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Note: A. Communication network diagram of the number of interactions among different cell clusters. B. Communication network diagram of interaction
strength among different cell clusters. C. Communication network diagram of the interaction strength between a single cell cluster and other clusters. The color
of the dots represents different cell clusters. The size of the dots represents the number of cells contained in the cell cluster, and the larger the dots, the more
cells there are. The line represents the interaction relationship among the clusters, and the color represents the signal sent from the cluster as the sender to the
cluster as the receiver. The thickness of the line represents the number of interactions (strength) among the clusters, and the thicker the line, the more
interactions (strength) there are.
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Fig 3 Cellular communication network at CA lesions
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Note: A.Volcano plot of DEGs in smooth muscle cells (dots represent genes, black represents genes with no differential expression, red represents upregulated
DEGs, and blue represents downregulated DEGs). B. Bubble plots for GO enrichment analysis of DEGs. C. Circle diagram of KEGG enrichment analysis of
DEGs.
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Fig4 Screening of DEGs in smooth muscle cells and their enrichment analysis
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Note: A. PPI network diagram of smooth muscle cell DEGs, with red circles representing upregulated DEGs and green triangles representing downregulated

DEGs. B. PPI diagram of 5 hub genes. C. Circle diagram of chromosomal positions of hub genes. D. Bubble plot of 5 hub genes expressed in 11 clusters.
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Fig5 Results of screening for hub genes in smooth muscle cells
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Chondrocyte Endothelial cell CCL2 ACKRI1 0.053 0.000 CCL2-ACKRI1 CCL Secreted signaling 26740381

Macrophage Endothelial cell ~CCL2 ACKR1 0.042 0.000  CCL2-ACKR1 CCL Secreted signaling 26740381

Monocyte Endothelial cell CCL2 ACKRI1 0.047 0.000  CCL2-ACKRI1 CCL Secreted signaling 26740381

Neuron Endothelial cell ~CCL2 ACKR1 0.060 0.000  CCL2-ACKR1 CCL Secreted signaling 26740381
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Macrophage Monocyte C3 ITGAM_ITGB2 0.005 0.000 ITGB2) Complement Secreted signaling 16234578
C3-(ITGAM+ . .
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Smooth muscle cell

Smooth muscle cell

Note: A. Cellular communication network diagram mediated by CCL signaling pathway. B. Heat map of cell action types in the CCL signaling pathway.
C. Bar chart of the contribution of L-R in the CCL signaling pathway. D. CCL2-ACKR1-mediated cellular communication network diagram. E. Cellular
communication network diagram mediated by complement signaling pathway. F. Heat map of cellular action types in complement signaling pathways. G. Bar
graph of the contribution of L-R in the complement signaling pathway. H. C3-(ITGAM+ITGB2)-mediated cellular communication network diagram. I. C3-
(ITGAX+ITGB2)-mediated cellular communication network diagram.
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Fig 6 Hub genes-mediated cellular communication
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Fig 7 H-E staining of aortic tissue of mice

®3 BENRXEEEmMRNARIZKTE (s, n=3)
Tab 3 mRNA expression levels of hub genes in each group of

mice (x£s, n=3)

Group ITGB2 PTPRC CCL2 DCN IGF1

Control 1.04+0.34  1.00+0.06  1.01£0.19  1.01+0.15  1.00+0.06

AS 0.45+0.11Y 0.21£0.01% 2.19+0.57% 1.57+0.11Y 4.24+1.14%

Note: YP=0.044, ®P=0.042, ®P=0.027, “P=0.006, ®P=0.008, compared
with the control group.
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