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Patient-derived xenograft models
8−30-week-old female BALB/c Rag2 −/−; Il2rg −/− (BRG) immunodeficient mice (breeders kindly provided by Drs T. Nomura and M. Ito, Central Institute for Experimental Animals, CIEA, Kawasaki, Japan) (1) were bred under sterile condition in our animal facilities and were used for patient-derived xenograft (PDX) establishment. To generate NSCLC-B PDX, the pleural effusion was centrifuged at 250 g for 5 minutes to obtain cell sediment. BRG mice received subcutaneous (s.c.) injection of 107 cells, in the right hind leg. To generate NSCLC-H PDX, a fragment of tumor biopsy with a diameter of 3-4 mm was implanted in the left flank of a female anesthetized BRG mouse. NSCLC-B and NSCLC-H PDX tumors were subsequently propagated until the third in vivo passage by s.c. implantation of tumor fragments in female anesthetized BRG mice, as previously described for other PDX cancer models (2). Tumor diameter was measured weekly with sterile calipers and volume was calculated using the formula π[√(a×b)3]/6, where a=maximal tumor diameter and b=major tumor diameter perpendicular to a. When tumors reached a volume of 1.5-1.9 cm3, animals were euthanized and an accurate necropsy was performed. 
All animal procedures were performed in accordance with European directive 2010/63/UE and Italian Law (No. DL26/2014). Experimental protocols were reviewed and approved by the institutional animal care and use committee of the University of Bologna and by the Italian Ministry of Health with letter 32/2020-PR.

Whole transcriptome sequencing of NSCLC-B and NSCLC-H cell lines
Quality and size distribution of RNAseq libraries were assessed by capillary electrophoretic analysis with a 2100 Bioanalyzer using a High Sensitivity DNA Chip. After measuring individual library concentration with a High Sensitivity (HS) Assay on a Qubit 4 fluorometer, libraries were pooled and then sequenced on a NovaSeq6000 (Illumina Inc.) sequencer in 100PE mode generating 68.7 million fragment per sample on average.
Raw reads were trimmed with fastp (v.0.21.0) (3) with --trim_poly_x parameter, to remove adapters and low-quality bases with default parameters. Filtered reads were aligned to the Homo sapiens reference genome (Ensembl v.110) using STAR aligner (v2.7.9a) (4) with parameter -- peOverlapNbasesMin 5.
STAR aligner, used for the identification of differentially expressed CD44 isoforms between NSCLC-B and NSCLC-H, was used with parameter -peOverlapNbasesMin 5-twopassMode Basic. Abundance estimated counts at gene or isoform level, respectively, were summarized into a matrix using the R package tximport (within DESeq2 package (5)) and subsequently the differential expression analysis was performed with DESeq2 (v1.30.1) (5). To generate more accurate Log2 fold change (Log2FC) estimates for low expressed genes/isoforms, the shrinkage of the Log2FC was performed using the apeglm method (6). To confirm the differential expression of CD44 splicing isoforms, raw reads were processed using the bioinformatics pipeline nf-core/rnasplice (7). Starting from trimmed and aligned reads as described above, counting has been performed with HTSeq (v2.0.2) and differential exon usage analysis has been conducted with DEXSeq (v1.36.0).
Following the Gene Ontology (GO) enrichment analysis of differentially expressed genes (DEGs) between NSCLC-B and NSCLC-H cell lines, the top 20 enriched Biological Processes GO and KEGG categories have been plotted. The function simplifies with similarity cutoff of 0.7 has been applied to remove redundancy of enriched GO terms. GSEA analysis was performed with ClusterProfiler (v4.6.2) to determine the enrichment of gene sets from the Molecular Signatures Database (8). Unless otherwise stated, the default parameters were utilized when applying the different software.
For single nucleotide variants (SNV) calling, STAR was used with the option --peOverlapNbasesMin 12. Overlapping reads were soft-clipped using BamUtil clipoverlap v1.0.14. Variants were identified based on the GATK Best Practice workflow using GATK HaplotypeCaller v4.1.9.0 with a minimum phred-scaled confidence threshold of 20 --standard-min-confidence-threshold-for-calling. Subsequently, variants were annotated and ranked by putative pathogenicity using the CTAT-mutation pipeline (v4.0.0). Variants within human leukocyte antigen (HLA) and immunoglobulin genes, RNA-editing sites, repetitive and homopolymeric regions, and with a variant allele depth <20% were excluded.  Finally, we retained only SNV shared by all NSCLC-B and NSCLC-H replicates, showing low population frequency (gnomad AF <0.01) and predicted pathogenic, namely CHASM (pval <0.05) or VEST (pval <0.05), or pathogenic in COSMIC or in ClinVar.

Establishment of organoids (tumoroids)
The organoid expansion medium was composed of Advanced DMEM/F-12 (Thermo Fisher Scientific, Monza, Italy) with 1% penicillin/streptomycin, 1% Glutamax (Thermo Fisher Scientific), 10 mM HEPES (Thermo Fisher Scientific) with the addition of 25 ng/mL fibroblast growth factor 7 (FGF7) (Proteintech, Rosemont, IL, USA), 100 ng/mL FGF10 (QKine, Cambridge, UK), 100 ng/mL Noggin (Proteintech), 500 nM A83-01 (Tocris, Bristol, UK), 10 µM ROCK inhibitor (Y-27632) (Tocris), 0.5 μM SB202190 (Merck, Milan, Italy), 1.25 mM N-acetyl-L-cysteine (Merck), 10 mM nicotinamide (Merck), 10% R-Spondin1 conditioned medium (Merck), 50 ng/mL epidermal growth factor (EGF) (Proteintech) and B-27 (1:50) (Thermo Fisher Scientific).

Immunofluorescence of adherent cells
NSCLC-B and NSCLC-H adherent cultures were stained for CD44 or PD-L1. For CD44 staining, cells were fixed with 4% paraformaldehyde (PFA) (Merck) for 10 minutes at 4°C. After washing with PBS, cells were permeabilized with PBS containing 0.1% Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA) and then the blocking was performed with 1% bovine serum albumin (BSA) (Pan Biotech, Aidenbach, DE, Germany) + 0.1% Triton X-100 diluted in PBS. The primary antibody CD44 (clone IM7, 1:600, BioLegend, San Diego, CA, USA) and the secondary antibody goat anti-rat IgGAF555 (1:500, Thermo Fisher Scientific) were used for staining. DAPI (BioLegend), which was incubated for 30 minutes at room temperature, was used to counterstain nuclei. Images were captured on a Leica widefield system, equipped with an inverted Leica DMi8 microscope (Leica Microsystem, Germany). PD-L1 evaluation was performed on live cells stained with anti-human PD-L1 (5 μg/mL, atezolizumab, Selleck Chemicals, Houston, Texas, USA) and with goat anti-human IgG AF674 (1:1000, Thermo Fisher Scientific). Nuclei counterstaining was performed by incubating cells for 10 minutes with DAPI. Images were captured on Leica TCS SP8 confocal microscope equipped with a Leica DMi8 inverted microscope (Leica Microsystem).
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