Obesity Promotes ARDS by Modulating Ceramide Transfer Protein-Ceramide Pathway and Exacerbating Oxidative Stress/Apoptosis in Alveolar Macrophages
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Supplementary Table 1: Patient Characteristics
	Parameter
	Control Group
	Obesity Group
	P-value

	Number of Patients
	6
	6
	/

	Age, years
	59 ± 8
	59 ± 11
	0.9290

	Gender
	3 Males / 3 Females
	3 Males / 3 Females
	/

	BMI, kg/m2
	23.2 ± 0.4
	34.3 ± 3.1
	＜0.0001

	PaO2, mmHg (before induction FiO2 21%)
	81 ± 3
	80 ± 2
	0.5507

	PaCO2, mmHg (before induction FiO2 21%)
	43 ± 6
	48 ± 9
	0.3660

	WBC, ×109/L
	5.94 ± 1.25
	6.82 ± 2.98
	0.5215

	NEUT, %
	56.3 ± 4.8
	64.2 ± 13.0
	0.1969

	AST
	22 ± 12
	30 ± 9
	0.2297

	ALT
	22 ± 7
	23 ± 5
	0.6096

	Diabetes Mellitus, n (%)
	0
	3 (50.00)
	/

	Hypertension, n (%)
	0
	4 (66.67)
	/

	Triglycerides, mmol/L
	1.08 ± 0.44
	1.97 ± 0.25
	0.0012

	Cholesterol, mmol/L
	4.14 ± 0.63
	5.50 ± 0.19
	0.0005

	High-density lipoprotein, mmol/L 
	1.29 ± 0.11
	0.94 ± 0.08
	＜0.0001

	Low-density lipoprotein, mmol/L
	4.27 ± 0.66
	3.23 ± 0.09
	＜0.0001

	Smoke
	3 (50.00)
	4 (66.67)
	/


BMI= body mass index.
AST= Aspartate Aminotransferase
ALT =Alanine Aminotransferase
BUN= Blood Urea Nitrogen
Data are expressed as the mean ± SD.
Supplementary 2: Untargeted metabolomics analyses
We performed untargeted metabolomics analysis on 44 samples from four experimental groups (Lean-PBS group, DIO-PBS group, Lean-LPS group, and DIO-LPS group), with each group containing 11 independent biological replicates. Lung tissue samples were stored in liquid nitrogen, then ground into powder and transferred into 1.5 mL tubes. Each sample was extracted with 500 μL of 50% methanol. After 30 minutes of ice-cold lysis, the samples underwent sonication at 50W with alternating 2 seconds on and 2 seconds off for 2 minutes. The supernatant was collected following centrifugation at 12,000 g for 20 minutes at 4°C. After concentration and drying, the samples were reconstituted with formic acid water, filtered using a 0.22 μm membrane, and subsequently analyzed. Chromatographic separation was achieved using an Ultimate3000 UHPLC system (Dionex) equipped with an Acclaim PepMap® RSLC C18 column. Separation conditions included: (i) a column temperature of 25°C, (ii) water with 0.1% formic acid as mobile phase A, (iii) acetonitrile as mobile phase B, (iv) a flow rate of 0.4 μL/min, and (v) an injection volume of 2 μL.

Supplementary 3: DIA proteomics analyses
(1) Protein Extraction: A total of 12 samples from the four experimental groups (Lean-PBS group, DIO-PBS group, Lean-LPS group, and DIO-LPS group), with 3 independent biological replicates per group, were selected for proteomics analysis. Lung tissues were homogenized in a lysis buffer containing 8 M urea, 2 mM EDTA, 10 mM dithiothreitol (DTT), and 1% protease inhibitor. The homogenate was vortexed for 1-2 minutes to dissolve the precipitate and then sonicated. The homogenate was centrifuged at 12,000 rpm for 30 minutes at 4°C to remove insoluble debris, and the supernatant was collected. Protein concentration was measured using the Bradford method with bovine serum albumin (BSA) as the standard. The protein extracts were stored at -80°C for further analysis.
(2) Sample Preparation: The protein extracts were treated with 10 mM DTT at 37°C for 30 minutes. After cooling to room temperature, the samples were alkylated with 25 mM iodoacetamide (IAM) for 15 minutes to protect the thiol groups. The samples were then diluted with 100 mM triethylammonium bicarbonate (TEAB) to reduce the urea concentration below 2 M. Trypsin was added at a 1:50 mass ratio (trypsin:protein) for overnight digestion at 37°C. A second digestion was performed by adding trypsin at a 1:100 mass ratio and incubating at 37°C for an additional 4 hours. The resulting peptides were desalted using HLB columns (Waters), vacuum concentrated (Concentrator Plus 5305, Eppendorf), and stored at -20°C.
(3) Peptide Separation and LC-MS/MS Analysis: All samples were equally mixed and fractionated using a C18 column (Bridge Peptide BEH C18, 130Å, 3.5 μm, 4.6×250 mm, Waters). The fractions were analyzed using the UltiMate 3000 nano-UHPLC system (Thermo). The mass spectrometer was operated in data-dependent acquisition (DDA) mode to generate a spectral library enhanced with ion mobility. The Q Exactive HF (Thermo) mass spectrometer was used for LC-MS/MS analysis, running in positive electrospray ionization mode. MS spectra were recorded in the m/z range of 400-1200 with a dynamic exclusion of 24.0 s. For data-independent acquisition (DIA) analysis, the mass spectrometer collected ion mobility MS spectra across the m/z range of 400-1200. The MS1 scan was performed at a resolution of 45,000 FWHM, followed by 31 DIA windows at a resolution of 15,000 FWHM.
(4) Mass Spectrometry Data Analysis: The raw mass spectrometry data were searched using the Fragpipe (v18.0) search engine against the mouse proteome database (https://www.uniprot.org/proteomes/UP000000589). The search parameters were as follows: trypsin as the enzyme, a maximum of 2 missed cleavages, fixed modification of cysteine alkylation, dynamic modification of methionine oxidation, and a minimum peptide length of 7 amino acids. Protein identifications were reported at a 99% confidence level, determined by a false discovery rate (FDR) ≤ 1%. The search results were imported into DIA-nn (v1.8.1) software to generate the spectral library for DIA data analysis. The main software parameters included default settings for protein identification and peak area calculation, with an FDR ≤ 1%.

[bookmark: OLE_LINK1]Proteins with a fold change (FC) > 1.2 and a P-value < 0.05 were considered significantly differentially expressed between comparison groups. The numbers of upregulated and downregulated proteins were determined based on these criteria. Differentially expressed proteins and metabolites were analyzed using R software and the STRING database. Gene Ontology (GO) analysis and the KEGG pathway database were used for protein annotation and interpretation, while the KEGG and Reactome pathway databases were employed for metabolite annotation. The results were visualized accordingly.

Supplementary 4: Mus musculus ceramide transporter (CERT) mRNA NCBI reference sequence: NM_023420.2, LV8N(EF-1a/mCherry&Puro)
ATGTCGGATAACCAGAGCTGGAACTCGTCGGGCTCGGAGGAGGATCCGGAGACGGAGTCCGGGCCGCCTG
TGGAGCGCTGCGGGGTCCTCAGCAAGTGGACAAACTATATTCATGGATGGCAGGATCGTTGGGTAGTTTT
GAAAAATAATACTTTGAGTTACTACAAATCTGAAGATGAAACAGAATATGGCTGTAGGGGATCCATCTGT
CTTAGCAAGGCTGTGATCACGCCTCACGATTTTGATGAATGCCGGTTTGATATCAGTGTAAATGATAGTG
TTTGGTACCTTCGAGCTCAGGACCCGGAGCACAGACAGCAATGGGTAGACGCCATTGAACAGCACAAGAC
TGAATCGGGATATGGATCTGAGTCCAGCTTGCGTAGACATGGCTCAATGGTGTCACTGGTGTCTGGAGCG
AGTGGCTATTCTGCTACGTCCACCTCTTCTTTCAAGAAAGGCCACAGTTTACGTGAGAAACTGGCTGAAA
TGGAGACATTTCGGGACATCCTGTGCCGGCAGGTTGATACTCTCCAGAAGTACTTTGATGTCTGTGCTGA
CGCTGTCTCCAAGGATGAGCTTCAGAGGGATAAAGTCGTAGAAGATGATGAAGATGACTTCCCTACAACT
CGTTCTGATGGAGACTTTTTGCACAATACCAATGGTAATAAAGAAAAATTATTTCCACATGTAACACCAA
AAGGAATTAATGGCATAGACTTTAAAGGGGAAGCAATAACTTTTAAAGCAACTACTGCTGGAATCCTTGC
TACACTTTCTCATTGTATTGAATTAATGGTAAAACGGGAAGAGAGCTGGCAAAAAAGACACGATAGGGAA
GTGGAAAAGAGGAGACGAGTGGAGGAAGCGTACAAGAATGTGATGGAAGAACTTAAGAAGAAACCCCGTT
TCGGAGGGCCGGATTATGAAGAAGGTCCAAACAGTCTGATTAATGAGGAAGAGTTCTTTGATGCTGTTGA

Supplementary 5: Mus musculus ceramide transporter (CERT) mRNA NCBI reference sequence: NM_023420.2, LV10N(U6/mCherry&Puro)
GGTCCAAACAGTCTGATTAAT
2


