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Single-cell nuclear transcriptome sequencing reveals aspirin inhibits
angiogenesis in Kawasaki disease mouse model
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Abstract: Kawasaki disease (KD) is an acute systemic vasculitis that primarily affects children. If left
untreated in the early stages of the disease, it can lead to coronary artery aneurysms or the formation of arterial
fistulae, and in severe cases, myocardial infarction. The pathogenesis of KD is related to the infiltration of immune
cells into the walls of the coronary arteries. Macrophages play a crucial role in the development of KD by
participating in inflammatory responses and neovascularization. Vascular endothelial growth factor (VEGF) is
upregulated in the serum and coronary arteries of patients with KD, promoting inflammation and neovascularization,
thereby increasing the risk of aneurysms. Aspirin is one of the standard treatment methods for KD. It exerts anti-
inflammatory and anti-thrombotic effects by inhibiting platelet aggregation and reducing inflammatory mediators,

thus controlling the acute symptoms of the disease. Animal welfare and experimental procedures follow the
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regulations of the Animal Ethics Committee of Children’s Hospital of Nanjing Medical University. Single-cell

nuclear transcriptome sequencing (snRNA-seq) can provide profound insights into the cellular and molecular

landscape of KD. Through snRNA-seq analysis, it was found that aspirin may improve endothelial dysfunction by

downregulating VEGF levels in coronary endothelial cells and inhibiting macrophage-mediated proangiogenic

signals to endothelial cells, thereby preventing arterial stenosis or aneurysm formation.
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Figure 1  Aspirin attenuated Lactobacillus casei cell wall extract (LCWE)-induced inflammatory injury in coronary arteries and myocardial
tissue in mice. A: Schematic illustration of the LCWE mouse Kawasaki disease model construction; B—E: Body temperature recordings (B),
pictures of the abdominal aorta (C), platelet counts (D), and H&E staining of cardiac tissues (E, top; scale bar, 100 pm), coronary artery (E,
medium; scale bar, 100 um), aortic root (E, bottom; scale bar, 200 um; CA: Coronary artery; Ao: Aorta) from four groups of mice in the
Kawasaki disease mouse model animal experiment; F: Transcriptional expression levels of cardiac inflammatory factors tumor necrosis factor
(Tnf), chemokine C-C motif ligand 2 (Cc/2), and angiotensin-converting enzyme 2 (4ce?2) in mice in the normal, LCWE, and ASA-H groups.
n>3, mean+ SEM. "P<0.01, "P<0.001. ASA-L: Aspirin-low dose group, 50 mg-kg™-d"'; ASA-H: Aspirin-high dose group, 100 mg-kg"-d”'
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Figure 2 Single-cell nuclear transcriptome sequencing (snRNA-seq) reveals distinct cardiac cells subpopulations in LCWE model mice.

A: Schematic diagram of the process of collecting, sequencing, and analyzing samples from the mouse cardiac single-nucleus transcriptome;

B: Seurat analysis with 46 principal components (PCs) and a resolution of 0.7 was used to identify 15 main clusters; C: Heatmap displaying

the expression of the top five differentially expressed genes in each cell subcluster; D: A bar chart displaying the percentage of subclusters in

datasets for control and diseased hearts; E: Dot plots display the expression levels of inflammatory genes in each sample
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Figure 3  Phenotypic shift towards pro-angiogenic mouse cardiac macrophages. A: Uniform Manifold Approximation and Projection
(UMAP) plots of macrophages; B: Expression of Vegfa, Vegfc, Hifla, Esrra and NoxI in macrophages. The data is presented as the average
fold-change to normal group. n = 3, mean + SEM; C, D: Pseudotime trajectory of macrophage subtypes inferred by Monocle2 (C). Trajec-
tory is colored by pseudotime (top), cell states (bottom), and the trajectory state in which each subpopulation of macrophages is placed (D);
E, F: Branch expression analysis (E) of two paths (cell fate 1 and 2) and KEGG pathways enriched in each branch (F); G: Immunohisto-

chemical staining of mouse heart tissue sections for F4/80 (scale bar, 100 pm)
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Figure 4 Aspirin attenuates inflammatory injury and reduces VEGF levels in cardiac vascular endothelial cells. A: t-Distributed Stochastic

Neighbor Embedding (t-SNE) plot of the aggregate of endothelial cells and vascular endothelial cells; B: Pseudotime trajectory of vascular

endothelial cells (Vas_ECs) subtypes is colored by pseudotime (top) and cell clusters (bottom); C: Heatmap displaying the scaled expression

of differentially expressed genes along the pseudotime trajectory; D: Expression dynamics of two marker genes, SRY-box transcription

factor 17 (Sox17) and sulfatase 1 (Sulfl), across pseudotime; E: Expression of Nos3, Vegfa, and Vegfc in Vas_ECs. Data is presented as the

average fold change compared to the normal group. n = 3, mean = SEM; F: The network diagram shows the number of macrophages

interacting with Vas_ECs cells; G: Immunohistochemical staining of mouse heart tissue sections for CD31 (scale bar, 50 um)
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Figure 5 ASA inhibits VEGF signaling communication between macrophages and vascular endothelial cells. A: Dysfunctional signals in

vascular endothelial cells were compared in pairs: LCWE group vs normal group and ASA-H group vs LCWE group; B: Dot plots illustrate

communication ligand-receptor pairs that are up-regulated by vascular endothelial cells in the LCWE group and down-regulated by vascular

endothelial cells in the ASA-H group; C: Dot plots presenting cellular communication ligand-receptor pairs between macrophages and

vascular endothelial cells, with macrophages as signal emitters and vascular endothelial cells as signal receivers; D: Comparison of the

intensity of reciprocal signals emitted and received by macrophages and vascular endothelial cells in the normal, LCWE, and ASA-H

groups, respectively
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