Proteomic profiling of serum extracellular vesicles in systemic lupus erythematosus shows enrichment of inflammatory cascades including TNFRSF17 in patients with active disease
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Demographic and clinical characteristics of the SLE patients
	
	SLE 
(n= 14)
	High SLEDAI
(n= 7)
	Low SLEDAI
(n= 7)

	Age, Years
	
	
	

	Mean ± SD
	47.43 ± 20.1
	48.86 ± 24.53
	46 ± 16.49

	Median
IQR1
	48
(30, 58)
	54
(23,78)
	42
(33, 56)

	Female, n (%)
	8 (57.1)
	4 (57.1)
	4 (57.1)

	ANA2, n (%)
	14 (100)
	7 (100)
	7 (100)

	C3 (g/l)
	0.703 ± 0.241
	0.737 ± 0.275
	0.669 ± 0.241

	C4 (g/l)
	0.133 ± 0.095
	0.133 ± 0.066
	0.161 ± 0.130

	SLEDAI-2K score
	7.79 ± 7.23
	12.14 ± 4.60
	3.43 ± 1.13

	Anti-dsDNA, n (%)
	7 (50)
	4 (57)
	3 (43)

	Anti-RNP, n (%)
	4 (29)
	2 (29)
	2 (29)

	Anti-Sm n (%)
	2 (14)
	2 (29)
	0 (0)

	Anti-SSA 52 n (%)
	3 (21)
	3 (29)
	0 (0)

	Anti-SSA-60 n (%)
	3 (21)
	3 (43)
	0 (0)

	Anti-SSB n (%)
	1 (7)
	1 (14)
	0 (0)

	CIC3 n (%)
	7 (50)
	4 (57)
	3 (43)

	Hematuria n (%)
	4 (29)
	2 (29)
	2 (29)

	Proteinuria n (%)
	4 (29)
	2 (29)
	2 (29)


1. Inter-quartile range
2. Antinuclear antibodies were assessed by immunofluorescence on HEp-2 cells
3. Circulating immune complexes
Mass Spectrometry
Briefly, EV samples were lysed with 6 M Urea, 100 mM TEAB, and 1 x Halt protease inhibitor cocktail, followed by sonication (3 × 5 min cycles of 30 s on/off; Diagenode Bioruptor sonication device). Samples were digested overnight with a sequencing-grade Trypsin/Lys-C mix (Promega), desalted using a Sep-Pak C18 96-well plate (Waters), and evaporated to dryness, then stored at −20 °C.
Digested peptide samples were dissolved in 0.1% formic acid, and peptide concentration was determined with a NanoDrop device. For DIA analysis, 600 ng of peptides were injected and analyzed in random order. Wash runs were submitted between samples to reduce the potential for peptide carry-over. The LC-ESI-MS/MS analysis was performed on an Evosep One HPLC system (Evosep, Odense, Denmark) coupled to the Orbitrap Astral mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) equipped with a nano-electrospray ionization source. Peptides were separated in-line on an 8 cm IonOpticks Aurora Rapid column (150 μm x 8 cm, 1.7 μm C18-beads, AUR3-80150C18-XT). The mobile phase consisted of water with 0.1% formic acid (solvent A) and 0.1% formic acid/99.9% acetonitrile (v/v) (solvent B). Samples were analyzed with 21 min 60 samples per day method.
Samples were analyzed by a data-independent acquisition (DIA) LC-MS/MS method. MS data was acquired automatically by using Xcalibur 4.1 software (Thermo Fisher Scientific). MS1 spectra were collected in Orbitrap every 0.6 s at a resolution of 240000 with a scan range of 380-980. The normalized AGC target was set to 300% (3e6 charges), with a maximum injection time of 10 ms. The DIA MS2 scans were acquired on the Astral analyzer over the 380-980 m/z range with a 2 Th isolation window. The normalized AGC target was set to 500% (5e4 charges), with a maximum injection time of 2.5 ms. Isolated ions were fragmented using HCD with 25% NCE. 
Data analysis consisted of protein identifications and label-free quantifications of protein abundances. Data was analyzed by Spectronaut software (Biognosys; version 20.2). The DirectDIA approach was used to identify proteins, and label-free quantifications were performed with MaxLFQ. Main data analysis parameters in Spectronaut were: Enzyme: Trypsin/P, missed cleavages: 2, Fixed modifications: Carbamidomethyl (Peptides were alkylated with iodoacetamide), Variable modifications: Acetyl (protein N-term) and oxidation (M), Protein databases: Swiss-Prot 2025_03 Homo sapiens (20405 entries), Universal Protein Contaminant database (Frankenfield et al., 2022), Precursor FDR Cutoff: 0.01, Protein FDR Cutoff: 0.01, Quantification MS level: MS2, Quantification type: Area under the curve within integration boundaries for each targeted ion, Normalization: Local normalization based on RT dependent local regression model (Callister et al., 2006), Differential abundance analysis: Unpaired Student’s t-test with combined MS1 + MS2 statistical model (Huang et al., 2020) and multiple-testing correction of the p-values with Benjamini-Hochberg method.

Size comparison of the isolated EVs between groups
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Supplementary Figure 1- Size distribution of the isolated extracellular vesicles
Box plots depicting size distribution of serum extracellular vesicles isolated from SLE patients and healthy donors. The cross (+) represents the mean. No statistically significant differences in EV size were observed between groups.
Statistical significance: ns (not significant), *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001
[image: ]Supplementary Figure 2- Sample used for the western blotting.Western blotting of the isolated EVs: EV-associated tetraspanin markers CD63, and CD81, as well as cytosolic marker TSG101
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Supplementary Figure 3- Transmission electron microscopy.
TEM images of isolated EVs obtained by negative staining, showing the characteristic lipid bilayer structure of the EVs in healthy controls (left) and SLE patients (right).
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