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Table 1 Demographic and clinical characteristics of the

cohort of patients with severe asthma and normal (2=59)

Severe asthma Normal
(n=41) (n=18)
Gender Male 24 12
Female 17 6
Age/year 54.5 46.9
BMI/(kg'm™) 252 NA
Smoking status Non-Smoker 31 (75.61%) 18 (100%)
Ex-smoker 7 (17.07%) 0 (0%)
Recently smoked 3 (7.32%) 0 (0%)
Other allergies Yes 31 (75.61%) 0 (0%)
No 10 (24.39) 18 (100%)
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Table 2 Metabolite label mapping
Query HMDB PubChem KEGG
3-Methylxanthine HMDBO0001886 70639 C16357
Adenine HMDB0000034 190 C00147
Alpha-methylstyrene HMDB0059899 7407 C14395
Benomyl HMDBO0031767 28780 C10896
Ethylbenzene HMDB0059905 7500 C07111
L-glutamic acid HMDB0000148 33032 C00025
L-palmitoylcarnitine HMDB0000222 11953816 C02990
Niacinamide HMDB0001406 936 C00153
Octadecanamide HMDB0034146 31292 C13846
Oleamide HMDBO0002117 5283387 C19670
Phytosphingosine HMDB0004610 122121 Cl12144
Sphinganine HMDB0000269 91486 C00836
Taurine HMDB0000251 1123 C00245
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Fig.1 Screening of differential metabolites in severe asthma
(a) Distribution of PCA samples in severe asthma and normal; (b) OPLS-DA plot in severe asthma and normal; (c) metabolite volcano plot in severe

asthma and normal; (d) KEGG analysis of pathway enrichment of differential metabolites.
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Table 3 Differential metabolite screening

KEGG Fold Change VIP P value Label
C16357 1.822 834 289 2215059 715 2.24x107 Up
C00147 2.669 510 366 2.092 032 374 4.89%107° Up
C14395 0.506 772 83 3.182 700 008 2.93x107 Down
C10896 3.756 799 532 2.263 378 642 1.17x107° Up
C07111 0.756 187 375 27834115 0.000 401 Down
C00025 1.804 106 703 2.306 508 435 2.55%107° Up
C02990 1.547 002 814 2.037 251 484 1.47x107° Up
C00153 3.251 084 409 2.507 709 627 1.18x107® Up
C13846 2.660 957 635 2.182903 016 7.69x107 Up
C19670 3.016 852 468 2.056 029 326 1.32x107 Up
Cl12144 0.217 882 259 3.177 975 504 4.31x107" Down
C00836 0.210 318 302 3.310 940 609 4.17x107" Down
C00245 1.793 335 195 2.196 905 911 2.56x107 Up
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Fig. 2 Identification of biomarkers in severe asthma
(a) ROC curves of biomarkers in severe asthma and normal (4UC>0.8); (b) box plots of expression of biomarkers in severe asthma and normal.

*** P<0.001, **** P<(0.000 I.
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Fig.3 Cell type annotations in severe asthma and normal
(a) UMAP plots before and after Seurat de-batching; (b) dot plot of the average expression and the percentage of cell type-specific genes; (c) UMAP
plot of cell type annotations; (d) stacked bar graph of cell type occupancy in severe asthma and normal; (¢) network plots of intercellular

communication in severe asthma and normal, histogram of the number and intensity of inter-cellular interactions compared between severe asthma

and normal.
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Abstract Objective Asthma is a common chronic inflammatory airway disease, and severe asthma poses a
significant challenge in its diagnosis and management. Immune cells are involved in and altered by asthma
pathogenesis, and several lipid metabolites can serve as diagnostic markers for the disease. In this study, we
investigated the characterization of severe asthma at the metabolic and cellular level. Methods Differential
metabolites in blood samples from severe asthma (41 cases) and controls (18 cases) were screened using
multifactorial statistical analysis and independent samples t-tests; key pathways were identified by KEGG
enrichment analysis, and biomarkers were characterized based on ROC curves; immune cell types and proportions
in the blood were identified based on the results of cell-type annotations (5 severe and 3 control cases); and single-
sample Gene Enrichment Analysis (ssGSEA) to investigate the characterization of differential metabolic pathways
in single cells. Results Compared with controls, the abundance of 28 metabolites was increased and the
abundance of 13 metabolites was decreased in the blood of patients with severe asthma (P<0.05); the differential
metabolites were enriched in 4 pathways: sphingolipid metabolism, glycerophospholipid metabolism, nicotinate
and nicotinamide metabolism, and histidine metabolism. Among them, 13 differential metabolites could be used
as biomarkers for the diagnosis of severe asthma, including L-glutamic acid (4UC=0.809), nicotinamide (AUC=

0.886), phytosphingosine (4AUC=0.882), and sphinganine (4UC=0.893). In single-cell transcriptome analysis,
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5 key cell types were identified: CD4" T cells, CD8" T cells, NK cells, B cells, and monocytes. The number of NK
cells was increased in patients with severe asthma, and severe asthma exhibited more frequent cellular
communication, particularly dense communication between CD8" T cells and other cell types. In healthy samples,
monocytes were the primary cells engaging in dense communication. Single-sample gene enrichment analysis
(ssGSEA) showed that 4 pathways enriched for differential metabolites had lower scores (P<0.01) in CD4" T and
CD8" T cells in severe patients, and it was hypothesized that the expression of genes associated with these
pathways was suppressed in these two types of cells. The suppressed genes included DGKA and NT5C3A4, which
are associated with immune processes. We observed that these genes play key roles in the regulation of T cell
signaling, activation, differentiation, and immune responses. Conclusion L-glutamic acid, nicotinamide,
phytosphingosine, and sphinganine can be used as biomarkers for the diagnosis of severe asthma; genes of the
severe asthma-associated pathway were suppressed in CD4" T cells and CDS8" T cells.
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