SUPPLEMENT 
Supplementary Materials and Methods
Study cohort
Among the study participants, 41% of CF patients, 55% of COPD patients, and 50% of healthy controls were female. In terms of genotype, 14 CF patients were F508del homozygous, 20 were heterozygous, 4 had other CFTR mutations. Of the COPD patients, 12 were GOLD stage 3 (66%) and 6 were stage 4 (33%), they had a median residual volume (RV) of 208.5% predicted (ranging from 170.3-288.1% predicted), a median diffusing capacity of the lungs for carbon monoxide (Diff) of 34.15% predicted (ranging from 21.5-74.2% predicted), a median 6 minute walking distance of 328.5 m (ranging from 152-432 m), Tab. 1 and Supp. Fig. 1A).
Sample preparation and workflow
The supernatant fraction was used for measuring free activity, inflammatory parameters, proteomics, and microbiome analysis, while the cell pellet fraction was utilized for membrane NE activity and cell count assessments (Fig. 1).
Free and surface associated neutrophil elastase activity
Alterations in the balance between proteases and anti-proteases are key characteristics of chronic lung diseases progression 1. Free neutrophil elastase (NE) activity, a marker for CF progression, was measured using a previously established FRET-based assay to assess both soluble and membrane-bound NE 2, 3, 4 (Fig. 4A). Flow cytometry with neutrophil-specific gating was used to measure membrane-bound NE (surface markers are shown in Supp. Fig. 1C). 
Microbiota analysis
Samples were freshly aliquoted (200μL) and treated with PMATM dye (Biotium Inc., Hayward, USA) to avoids subsequent PCR amplification of extracellular DNA from dead cells. 50 μM of PMA dye was added to the aliquot and incubated for 5 min in the dark. The samples were then exposed to light (650-Watt, 20 cm distance to the samples) on ice and shaking by 100 rpm for 5 min to cross-link PMA to DNA. Viable cells were pelleted by centrifugation at 5000 x g for 10 min. Supernatant was removed and cells were recovered in 200 μL of sterile PBS and stored at -20 °C until DNA extraction.
DNA extractions were performed using the QIAamp Mini Kit (QIAGEN, Hilden, Germany). Protease solution (7.2 mAU) and 200 μL of Buffer AL were added to the sample followed by a 15 sec vortex. Samples were incubated at 56 °C for 10 min and then purified according to the manufacturer’s protocol. DNA was eluted by adding 100 μL of buffer AE to the column, incubation for 1 min at room temperature and centrifugation at 6000 x g for 1 min. Negative controls were performed by doing the extraction without clinical samples.
DNA was amplified using universal bacterial primers flanking the V4 region (515F and 806R). Each primer was tagged with a spacer of 2-4 nucleotide and the sequencing adapter. Polymerase chain reactions (PCRs) were performed in 25 μL volumes composed of Q5 High-Fidelity 1X Master Mix (New England Biolabs GmbH, Germany), 25 pmol of each primer and 2 μL of DNA. Thermal cycling (Primus 25, Peqlab Biotechnologie GmbH, Germany or FlexCycler2, Analytik Jena AG, Germany) conditions were: first denaturation at 94 °C for 3 min, 30 amplification cycles (94 °C for 45 s, 50 °C for 1 min and 72 °C for 1 min 30 s) and a final extended cycle at 72 °C for 10 min. PCR products were purified using magnetic beads MagSi-NGSprep Plus (Steinbrenner Laborsystem GmBH, Wiesenbach, Germany) and processed through a second step amplification with primers targeting the sequencing adapter region and tagged with and individual barcodes and the illumine i5/i7 sequences. Each barcode is unique and differs by at least 3 nucleotides to all other barcodes to assign sequences to the samples. PCR products were purified with magnetic beads MagSi-NGSprep Plus (Steinbrenner Laborsystem GmBH, Wiesenbach, Germany) and quantified using the Quant-iT PicoGreen dsDNA Assay Kit (Thermo Fisher Scientific, Karlsruhe, Germany). Samples were pooled as an equimolar mix and sequenced on an Miseq system (Illumina Inc., San Diego, CA, USA) (600 cycles). PCR was also performed with negative controls from the extraction, and with sterile water to exclude contamination from the extraction kit and the PCR master mix. An internal control was performed by amplifying a mock community sample containing genomic DNA from 20 bacterial strains in equimolar (even) ribosomal RNA operon counts (HMD-782D, BEI Resources, ATCC, Manassas, VA, USA). 
In parallel, the copy number of 16S rRNA gene was quantified by qPCR to evaluate the biomass using Unibac primer (forward: 5′-TGG AGC ATG TGG TTT AAT TCG A-3′; reverse: 5′-TGC GGG ACT TAA CCC AAC A-3′). PCR reactions were performed in 15 μL volumes composed of 1X Sybr-green mastermix (Life technology, Darmstadt, Germany), 50 pmol of each primer and 2 μL of DNA (or plasmid DNA standards). The thermal cycler conditions were: a first denaturation at 95 °C for 20 sec, 40 amplification cycles (95 °C for 3 sec, 60 °C for 30 sec) and two final steps at 95 °C for 15 sec and 60 °C for 1 minute followed by a melt curve. All reactions were performed in duplicate in a 7900HT Fast Real-time PCR system (Applied Biosystems, Foster City, USA). Quantification of the 16S number of copies was performed by comparison to the Cycle threshold value of a plasmid DNA standard which had been cloned in-house and quantified using Quant-iT PicoGreen dsDNA Assay Kit (Thermo Fisher Scientific, Karlsruhe, Germany).
The raw sequence data was processed using Dada2 to produce amplicon sequence variants (ASVs) with the following parameter: no ambiguities (N) allow, one error per reads allowed and truncation of the reads at the first position with a quality score < 2. Reads were merged as contigs and checked for chimera with the default parameters 5. The reads counts of each ASV was then used to create an ASV table and the sequenced were classified using Silva database v138.1. Those data were merged in a phyloseq object in R adding the metadata. No negative controls produce reliable amplicons and the Mock community positive control only produce amplicons assigned to the 20 expected species so we did not decontaminate our dataset. The mock community positive control was analysed to check for variability in the batch processing and we observed low variation between replicate with an average Morisita-horn distance of 0.008 (range: 0.003-0.014) and all the taxa expected to be present are detected but not as evenly as expected most likely due to amplification bias (Supp. Fig. 2). For each sample, a rarefaction curve was drawn to check that the coverage is correct (Supp. Fig. 3) and the bacterial community was characterized by calculating α-diversity (Shannon index), richness (number of ASV observed), evenness (Pielou index) and dominance (relative abundance of the most abundant ASV) and β-diversity (Morisita-Horn distance). 
Statistics
Microbiome data were clustered using kmeans clustering based on the Morisita-Horn dissimilarity index. The optimal number of clusters was estimated based on the Gap statistic using the first SE max as threshold (Supp. Fig. 4). Spearman correlation was used to calculate the correlation between microbiota data, inflammatory markers and clinical data and was adjusted for multiple comparisons (Benjamini-Hochberg correction). Group wise comparisons were done with a pairwise Wilcoxon rank sum test adjusted for multiple comparisons. All statistical analyses were performed with R Statistical Software (v4.1.2; R Core Team 2021). A p-value <0.05 was considered statistically significant. Correlation between the microbiota and inflammatory markers or clinical data was done using Spearman correlation adjusted for multiple comparisons (Benjamini-Hochberg correction). The assessment of the microbiome by 16S RNA sequencing, via PCoA was based on the Unifrac weighted distance.
Sample preparation for proteomic analysis	
	Aliquots of stored samples were thawed at room temperature, centrifuged for 2 min at 12 000 x g at 4 °C, and the supernatant was transferred to a new vial. Total protein concentration was assessed by the BCA Assay (Pierce) and 5 µg of total protein was used per sample for further processing. Protein disulfide bonds were reduced with 40 mM Tris(2-carboxyethyl) phosphine hydrochloride (TCEP) and alkylated with 160 mM chloroacetamide at 95 °C temperature for 5 min. Protein digestion and clean-up were performed using an adapted version of the automated paramagnetic bead-based single-pot, solid-phase-enhanced sample-preparation (Auto-SP3) protocol 6 on the Bravo liquid handling platform (Agilent). Briefly, for bead preparation, Sera-Mag Speed Beads A and B (Ge Healthcare) were vortexed until the pellet was dissolved. The suspension was placed on a magnetic rack, and after one minute, the supernatant was removed. The beads were taken off the magnetic rack and suspended in water. This procedure was repeated three times. A total of 100 µL of bead A was combined with 100 µL of bead B, and the final volume was corrected to 100 µL with H2O. To each sample, a total of 5 µL of A+B beads were added. To induce the binding of the proteins to the beads, ethanol was added to each sample to a final 50% concentration (v/v). Samples were then incubated for 15 min at room temperature and 800 rpm. After the incubation step, samples were placed again on a magnetic rack, and after several minutes, the supernatant was removed. Samples were taken off the magnetic rack and washed in 80% ethanol. This procedure was repeated three times. Finally, samples were reconstituted in 100mM TEAB buffer containing trypsin (enzyme/protein ratio of 1:25) and digested overnight on a shaker at 37 °C and 1000 rpm. After digestion, the recovered peptides were dried down in a speed-vac and store at -80 °C until further analysis.
LC-MS/MS measurements 
An Ultimate 3000 HPLC (Thermo Fisher Scientific, USA) was coupled to an Orbitrap Exploris 480 mass spectrometer (Thermo Fisher Scientific, Germany). For the full proteome analysis, peptides were dissolved in 15 µl loading buffer (0.1% formic acid (FA), 2% ACN in MS-compatible H2O), and 2 µL were injected for each analysis. The samples were loaded onto a pre-column (trap) at higher flowrates (PEPMAP 100 C18 5 µm 0.3 mm x 5 mm, Thermo Scientific), using a loading pump and then a valve was switched delivering the peptides to an analytical column (100 µm × 30 cm, packed in-house with Reprosil-Pur 120 C18-AQ, 1.9 µm resin, Dr. Maisch) at a flow rate of 3 µL/min in 98% buffer A (0.1% FA in MS-compatible H2O). After loading, peptides were separated using a 141 min gradient from 2% to 38% of buffer B (0.1% FA, 80% ACN in MS-compatible H2O) at 350 nL/min flow rate. The Orbitrap Exploris 480 was operated in data-independent (DIA) mode, with a m/z range of 350–1400. Full scan spectra were acquired in the Orbitrap at 120 000 resolution after accumulation to the set target value of 300% (100% = 1e6) and maximum injection time of 45ms. The full scans were followed by DIA scans. A total of 47 isolation windows were defined, with a m/z range of 406-986. DIA scan spectra were acquired at 30 000 resolution after accumulation to the set target value of 1000% (100% =1e5) and maximum injection time of 54ms. Normalized collision energy (NCE) was set to 28%.
Database search and Data Analysis
All DIA–MS data files were analyzed with a directDIA workflow using Spectronaut 15.6 (Biognosys, Zurich, Switzerland). For the Pulsar search, the UniProt Human-reviewed canonical reference proteome (downloaded on July 14th, 2020). The default settings for database match include: full specificity trypsin digestion, peptide length of between 7 and 52 amino acids and maximum missed cleavage of 2. N-terminal methionine was removed during preprocessing of the protein database. Carbamidomethylation at cysteine was used as a fixed modification, protein N-terminal acetylation and methionine oxidation were set as variable modifications. The false discovery rates (FDRs) were set as 0.01 for the peptide-spectrum match (PSM), peptide and protein identification. Other Spectronaut parameters for identification included maximum intensity as MZ extraction strategy, 0.01 precursor Qvalue Cutoff, 0.2 Precursor PEP Cutoff, stripped sequence as single hit definition. For quantification, identified (Qvalue) was set for precursor filtering, MaxLFQ as protein LFQ method and MS2 quantification with area as quantity type. For the Heatmaps of the Immune cells, curated lists consisting of proteins which were found to be enriched in the corresponding cell types; Neutrophils (216), Eosinophils (72), Monocytes (126), T-Cells (336) and B-Cells (255) based on proteomic evidence were downloaded from the human protein atlas homepage (https://www.proteinatlas.org/). Heatmaps were created using an updated version of the MSPypeline 7. 
[bookmark: _Hlk152766765]Data Availability 
The original mass spectrometric raw data files along with the Spectronaut search result files are available on proteomeXchange 8, http://www.proteomexchange.org, under the accession number PXD048388.
Multi-omics data integration
All the data preprocessing and integrative analysis were executed in in R (version 4.2.0). Initially, each omic dataset underwent independent preprocessing steps. For the sputum proteomic data, The "PG.Quantity" column from the Spectronaut output file, containing protein quantity information, was imported into R. Subsequently, variance stabilizing normalization was applied using the 'vsn' package (version 3.64) 9. The microbiomic dataset was processed with the 'phyloseq' package (version 1.40) 10, incorporating the rarefy_even_depth function to address uneven sequencing depth among samples.
RNAseq counts underwent variance stabilizing transformation via the 'varianceStabilizingTransformation' function in the 'DESeq2' package (version 1.36.0) 11, 12. For the protein expression dataset of inflammatory markers, a straightforward log2 transformation was performed. To enhance the sensitivity of subsequent unsupervised multi-omic factor analysis, we prefiltered the sputum proteomic and microbiomic data, retaining only features significantly associated with disease status (raw P value < 0.05, ANOVA test).
Integrative multi-omics factor analysis 
The integration of the three pre-processed datasets (proteomic, microbiomic, and inflammatory marker expression) was conducted using the 'MOFA2' package (version 1.60). The integration process involved a variance threshold of 2% and utilized the "slow" convergence mode. A Gaussian noise model was employed for all three omic datasets. Subsequent exploration of integration results, including heatmap visualization and enrichment analysis, was carried out using utility functions within the 'MOFA2' package.
Multiple comparison testing
Gaussian distributed datasets were compared by Wilcoxon rank sum test with Bonferroni-Holm correction for multiple comparisons, whereas non-Gaussian distributed datasets were calculated with a Kruskal-Wallis ANOVA with a Dunnett's multiple comparison post-test. P-values are given as follows: *: p <0.05, **: p <0.01, ***: p <0.001 and ****: p <0.0001.
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[bookmark: _Hlk169594207]Supplementary Figure 1: A Comparison of clinical markers measured for COPD and CF patients only. Boxplots of lung function, forced expiratory volume in one second (FEV1) in percent predicted BMI and CRP. Healthy controls ● n=7; CF ● n=36; COPD ● n=14. B Comparison of the protein amount as well as additional inflammatory markers for healthy controls as well as COPD and CF patients. Boxplots of protein amount, IL-1α and TIMP1 given for each group. Healthy controls ● n=10/10/10; CF ● n=38/31/37; COPD ● n=18/13/18. C Comparison of surface-markers CD16, CF63 and CD66b of the neutrophils isolated from sputum of healthy controls as well as COPD and CF patients. Boxplots of CD16 and CD63 and CD66b mean fluorescent intensity (MFI). Healthy controls ● n=9/7/9; CF ● n=38/38/38; COPD ● n=15/15/15. D Additional microbiome parameters for the healthy controls as well as COPD and CF patients. Boxplots of copies per µL biomass of each group. Healthy controls ● n=10; CF ● n=38; COPD ● n=16. Outliers are shown as empty circles (○).
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Supplementary Figure 2: Microbiome composition of the mock community. 
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Supplementary Figure 3: Rarefaction curve, number of reads vs number of ASVs.
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Supplementary Figure 4: Gap statistic. Based on the function clusGap(x=x[, 1:2], FUNcluster=kmeans, K.max=25, B=1000, nstart=20, according to Tibshirani et al. 13. 
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Supplementary Figure 5: Principal coordinate analysis (PCoA) of the microbiome based on a Unifrac weighted distance matrix, healthy controls; CF; COPD are indicated by color, healthy controls (●); CF patients (●) and COPD patients (●). The kmean cluster are indicated with the dashed lines, in teal, orange and brown.
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Supplementary Figure 6: Detailed analysis of the proteomic measurements. A Heatmap of the Global proteome, with the four protein clusters based on the Ward’s method indicated. B Venn diagram of all proteins identified in the three groups; Healthy controls, CF and COPD patients. 


 [image: ]

Supplementary Figure 7: Detailed analysis of specific proteins of the proteomic measurements. Confetti plots displaying the log2 intensities of individual proteins per sample based on the cluster dominated by one disease group. A Neutrophil elastase (NE), Myeloblastin (PRTN3), Cathepsin G (CTSG), α1-antichymotrypsin (SERPINA3), B Matrix metalloproteinases (MMP) 8 & 9, Metalloproteinase inhibitor (TIMP) 1 & 2, C Mucin-5B (MUC5B). cluster 1, HC (●); cluster 2, COPD (●) and cluster 3, CF (●).

[image: ]

Supplementary Figure 8: Immune Cell types per sample cluster of the global sputum proteomics measurements. A Tree of the hematopoietic Stem Cell derived immune cell types, analyzed cell types are labeled in bold B Average of mean z-score of the different immune cell types by cell counting and based on the abundance of signature proteins. C Mean Log2 intensity and mean z-score of Monocyte specific proteins. D Granulocyte specific mean Log2 intensity and mean z-score of Neutrophil and Eosinophil specific proteins. E Lymphocyte specific mean Log2 intensity and mean z-score of B-cell and T-cell specific proteins.
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Supplementary Figure 9: Multi-Omics Factor Analysis of ELISA, Microbiome and Proteomics Measurements of the healthy controls as well as CF and COPD patients. A Overview of the input datasets for MOFA. Grey blocks indicate the dataset (view) for certain samples are not available. B -F Boxplots showing the distribution of Factor 2 to 6 among the three groups, healthy controls (●); CF patients (●) and COPD patients (●). 



Supplementary Table 
[bookmark: _Hlk172897468]Supplementary Table 1: Number of included measurements of the inflammatory markers. Smallest group sizes are indicated in bold.

	 
	Healthy controls
	CF
	COPD

	IL-1β
	10
	38
	18

	TNF-α
	10
	38
	17

	TGF-β1
	10
	35
	17

	IL-8
	10
	38
	18

	LTB4
	10
	31
	17

	IL-5
	8
	32
	13

	IL-6
	10
	38
	10

	IL-10
	10
	36
	11

	INF-γ
	10
	33
	11
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