SUPPLEMENTARY MATERIALS AND METHODS:
Patients PBMC isolation 
Samples were collected in heparin-coated tubes and promptly processed. PB mononuclear cells were isolated by density gradient centrifugation using Ficoll (Sigma-Aldrich). After centrifugation at 1250 rpm for 25 minutes, the mononuclear cell layer was collected, diluted in culture medium, and centrifuged again for 5 minutes at the same speed. The resulting cell pellet was resuspended in RPMI 1640 medium (EuroClone) supplemented with 20% heat-inactivated FBS (Sigma-Aldrich), 1% glutamine (EuroClone), 1% penicillin/streptomycin (EuroClone), and 0.1% gentamicin (EuroClone). Cells were maintained at 37°C in a humidified atmosphere with 5% CO2. Cells were then treated with UVI5008, imatinib and ibrutinib at a concentration of 5 μM for 24 and 48 hours. The study was approved by the Ethics Committee of the University of Campania “Luigi Vanvitelli” Hospital (Protocol number: 296).

RNA isolation and qRT-PCR
Total RNA was extracted using TRIzol™ Reagent (Invitrogen Life Technologies, Paisley, United Kingdom) according to the manufacturer’s instructions. RNA concentration and purity were assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). A total of 1 μg of RNA was reverse transcribed into cDNA using a SuperScript VILO cDNA Synthesis Kit (Invitrogen). Gene expression was analyzed by qRT-PCR, with 50 ng of cDNA amplified using Power SYBR® Green PCR Master Mix 1X (Applied Biosystems). Data normalization was performed using GAPDH primers (forward 5’ ggagtaacggatttggtcgt 3’; reverse 5’ gcttcccgttctcagccttga 3’), BTK primers (forward 5’ cacccttgcttctggatcga 3’; reverse 5’ tcacttgtggagactggtgc 3’), and BCL-XL primers (forward 5’ gccacttacctgaatgaccacc 3’; reverse: 5’ aaccagcggttgaagcgttcct 3’). Relative gene expression was calculated using the ΔΔCt method and plotted using GraphPad Prism 8.

Protein extraction and Western blot
Cells were lysed in RIPA buffer (1 M Tris-HCl, 2 M NaCl, 1% NP-40, 10% SDS, 0.5 M EDTA) supplemented with 0.1 M Na3VO4 and a protease inhibitor cocktail (Applied Biological Materials, BC, Canada). Protein samples were separated by electrophoresis in polyacrylamide gels and transferred onto nitrocellulose membranes by electroblotting. The following primary antibodies were used: anti-BTK (Cell Signaling, 8547S), p-AKT (S473) (Cell Signaling, 9271S), p-BTK (Y223) (Cell Signaling, 5082S), AKT (Cell Signaling, 4685S), anti-GAPDH (Elabscience, E-AB-40337), Bcl-xL (SantaCruz sc-8392), PathScan® Bcr/Abl Activity Assay (Cell signaling, 7130) and anti-alpha tubulin (Elabscience, E-AB-20036). All antibodies were used according to the manufacturer’s instructions. Immunoreactive signals were detected using a horseradish peroxidase-conjugated secondary antibody (GE Healthcare, Amersham). Experiments were repeated at least three times. DMSO was used as the control condition (CTR).

Chromatin immunoprecipitation
Mec-1 cells were cultured in RPMI medium supplemented with 10% FBS at 37°C and treated with 5 µM UVI5008 for 24 hours. Chromatin was harvested as described in previous protocols1. Chromatin immunoprecipitation (ChIP) assays were performed using the following antibodies: H3K9/14ac (Diagenode, pAb-005-050), H3K27me3 (Diagenode, C15310003), and RNA polymerase II CTD repeat YSPTSPS (Abcam, Ab5408). ChIP samples were then analyzed by qPCR. The primers used for amplification were as follows: prom BTK F2: 5’ agtgcccgaggtgtcaag 3’; prom BTK R2: 5’ acaagacttccccgtgct 3’; prom BTK F3: 5’ ttgatgacctgtctgctcagg 3’; prom BTK R3: 5’ tgagatgccaggacttggaag 3’; prom BTK F1: 5’ cggggaagtcttgtctct 3’; prom BTK R1: 5’ tgagcagacaggtcatcaa 3’. Promoter enrichment was calculated using the Recovery (Input/IP) method based on qPCR Ct values. For each sample, 1% of input chromatin was processed in parallel. Occupancy values were computed using the following formula: 
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where the 3.32 factor accounts for the 1:100 dilution of the input sample.
To correct for non-specific binding, the corresponding IgG values were subtracted from the specific antibody recovery, generating the final normalized promoter occupancy

Tyrosine kinase expression profiling
Tyrosine kinase profiling was performed in Mec-1, Mino, and Granta-519 cell lines using the RT² Profiler™ PCR Array Human Tyrosine Kinases (Qiagen, PAHS-161Z) according to the manufacturer’s instructions. For each sample, 500 ng of RNA was used. 
Differential expression analyses were performed by normalizing all genes to the housekeeping gene RPLP0. Only genes with Ct values ≤35 were considered reliable for analysis, a fold-change (FC) threshold of ±2 and p ≤ 0.05 was applied to define significant up- or down-regulation.
To identify kinases consistently affected by UVI5008, the lists of differentially expressed genes from all three cell lines were cross-referenced to determine tyrosine kinases commonly modulated across MEC-1, Mino, and Granta-519 after treatment.

Cytofluorimetric cell cycle and CASPASE-8 and -9 activity analysis
Cell cycle analysis and assessment of CASPASE-8 and CASPASE-9 activity were performed according to the methodology outlined in2.

RNA-seq 
First, mRNA was purified and isolated from the sample by selecting poly(A) tail mRNA molecules using magnetic bead-binding. The fragmented mRNA was reverse transcribed into complementary DNAs by the action of divalent cations, heat, and mechanical shearing; synthesized cDNA was then amplified by PCR to make a double-stranded cDNA library. This library size was selected and purified using magnetic beads to remove any undesirable fragments. A further step was ligation of adapters, which enables the cDNA fragments to stick to the sequencing flow cell after quality control to meet the given specifications for sequencing. This involved checking the size distribution of the library, its concentration, and its purity. The resulting sample libraries were then checked again, and both cluster generation and sequencing-by-synthesis were carried out using the Genome Analyzer II platform (Illumina) according to standard protocols. Sequencing was performed with a NovaSeq 6000 System (Illumina). Alignment and differential analysis RNA sequencing (RNA-seq) libraries were paired-end sequenced (2 × 75 nt) on an Illumina NovaSeq 6000 with an average depth of 98 million reads (Supplementary Table 1). Reads were aligned to the GRCh38 reference genome (Gencode v43) using STAR v2.7.10b. Read normalization and differential analysis were performed using the R/Bioconductor package DEseq23. Genes with absolute fold change ≥ 2 and adjusted p-value < 0.05 were considered differentially expressed genes. Raw and processed RNA-seq data are available from the Gene Expression Omnibus database with accession number GSE295723.

Pathway enrichment analysis
Pathway enrichment analysis was performed using clusterProfiler4. For Gene Ontology (GO) analysis, we selected the intersection of upregulated (N enrichGO function with parameters minGSSize = 50 and maxGSSize = 1000 and considering all genes with an average normalized read count (baseMean) of 10 (n = 18,554 genes). For Gene Set Enrichment Analysis (GSEA), genes with a baseMean < 50 reads were excluded to avoid bias from genes with large fold changes primarily due to low expression. We then ranked the genes by their fold change in each cell line and tested their enrichment in KEGG pathway genes using the gseKEGG function with parameters minGSSize = 50 and maxGSSize = 500.

Long-Read Sequencing (LRS) for BTK patients
CLL-patients DNA extraction was performed as described in5. After DNA isolation it was quantified with Qubit (Thermo Fisher), and quality-checked using TapeStation (Agilent). Libraries were prepared as performed in5.

CETSA - Cellular thermal shift assay
Cellular thermal shift assay (CETSA) was performed as previously described6. Briefly, cells were washed with PBS after treatment with UVI5008 at 0.5, 1, and 5 µM, ibrutinib at 1 and 5 µM, and an equal amount of DMSO, as control, for 1 hour. The samples were suspended in PBS (1.5 mL), divided into aliquots (100 mL), and heated at different temperatures (4°C, 37°C, 44°C, 53°C, 59°C, 67°C, 70°C, 75°C, 80°C, and 85°C) in a ThermoMixer (Eppendorf), followed by cooling for 3 minutes at 4°C. Subsequently, protein concentration was determined by Bradford assay (Bio-Rad). Of the total protein extract, 30 μg was loaded onto 10% SDS-PAGE, and Western blot analysis was performed with a BTK antibody (Cell Signaling, 8547S) and p-BTK (Y223) (Cell Signaling, 5082S).

BTK and BTK C481S assay
BTK and BTK C481S assays were performed following the manufacturer’s protocol (BPS Bioscience, 79568 and 78801). UVI5008 was tested in different concentrations (0.5, 1, 2.5, 5, 10, 25, and 50 µM). Chemiluminescence was measured using a TECAN infinite M200 plate reader.

Cell Viability Assay
Cell viability was assessed using a 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium Bromide, Thiazole Blue - MTT (Sigma-Aldrich, #475989) according to the manufacturer’s protocol. Briefly, 10,000 cells in 100 µL were seeded into each well of a 96-well plate, followed by the addition of 10 µL of MTT (1:10 dilution) per well, and incubated overnight. Absorbance was subsequently measured at 460 nm using an Infinite M200 microplate reader (Tecan, Switzerland). Results were calculated and expressed as the percentage of viable cells relative to the untreated control.

Propidium Iodide Staining and Cell Cycle Analysis
Cells were collected at a density of 400,000/mL, transferred into polypropylene tubes, and pelleted by centrifugation at 350 × g. The cell pellet was resuspended in 500 µL of PBS, and propidium iodide (Sigma-Aldrich) was added to a final concentration of 1 μg/mL. Samples were immediately analyzed using a BD FACS Celesta Flow Cytometer.
For cell cycle evaluation, a cell cycle buffer was prepared by dissolving 10% sodium citrate (Sigma-Aldrich), 10% NP-40 (Sigma-Aldrich), and 2 mg/mL propidium iodide (Thermo Fisher Scientific) in PBS. Cells were resuspended in 500 µL of this buffer, incubated for 15 minutes at room temperature, and subsequently analyzed by flow cytometry on the BD FACS Celesta instrument.

Ligand preparation
Molecules were prepared using LigPrep, a tool from the Maestro program (Schrödinger), with the OPLS4 force field. Epik7 was used to generate all possible protonation states at a pH of 7.4 ± 0.2. Tautomers and protomers were generated, and chirality was preserved, with a maximum of 32 conformers per ligand.

Protein preparation and docking protocol
The crystal structure of the protein in complex with the ligand ibrutinib (PDB ID 5P9I) with a resolution of 1.11 Å was used for the set-up of our model. Protein Preparation Wizard8 (Schrödinger) was used as a tool for protein preparation, adding bond orders and hydrogens to the crystal structure and deleting waters beyond 5.00 Å. Het states at pH 7.4  ±  0.2 were generated with Epik7, and then the protonation state of the protein and the ligand were optimized using PropKa at pH 7.4 The docking grid was generated using Glide software released by Schrödinger (release 2023–4)9, setting the scaling factor at 1.0 Å with a partial charge cut-off of 0.25, and choosing the ligand to define the grid centroid. In the docking experiments (in standard precision mode), OPLS410 was used as force field and the van der Waals radii scaling factor was set as 0.8, with a partial charge cut-off of 0.15. The ligands were considered as flexible, and Epik state penalties were included in the docking score. In induced-fit docking11, extended sampling with up to 80 poses was used, without any constraint set. The prime refinement for the induced-fit protocol was set to 5.00 Å within the ligand pose.

Molecular dynamics
Three molecular dynamics (MD) simulations of 250 ns each were performed using Desmond12 on the best pose of ligand–protein complex. For all three trajectories, MD simulations were computed by applying the same settings described here. The systems were created using TIP3P as a solvent model, an orthorhombic shape box (10 Å as side distance), and an OLPS4 force field10. The resulting systems were neutralized by adding Na+ ions. A Nosé–Hoover chain with a relaxation time of 1.0 ps and a temperature of 310 K was set as a thermostat. The barostat was Martyna–Tobias–Krein, with a relaxation time of 2.0 ps and an isotropic coupling style. The numerical integration step was 2.0 fs for bonded interactions, 2.0 fs for nonbonded-near (van der Waals and short-range electrostatic interactions), and 6.0 fs for nonbonded-far (long-range electrostatic interactions). For Coulombic interactions, a cut-off radius of 9.0 Å was tuned as a short-range method. Pressure and temperature were set at 1.01325 bar and 310 K, respectively.

Cell preparation and flow cytometry analysis for in vivo mice experiments
Femoral BM cells and splenocytes were collected by centrifugation and spleen dissection, respectively. Cell suspensions were filtered through a 70-μm cell strainer (BD Biosciences, Erembodegem, Belgium) and then centrifuged at 1500 rpm for 5 minutes. Blood samples were treated with red blood cell lysis buffer and subsequently centrifuged at 1500 rpm for 5 minutes. The resulting cell pellets were resuspended in PBS containing 0.1% bovine serum albumin and stained with anti-CD19-PE/Cy7 (Clone 6D5; BioLegend, 115520) and anti-CD5-APC (Clone 53-7.3; BioLegend, 100626). After washing, samples were analyzed on a Navios Flow Cytometer (Beckman Coulter). Data analysis was performed using FCS Express software (DeNovo Software).

Kinase inhibition profiling
The kinase inhibitory activity of UVI5008 was assessed using the SelectScreen® Biochemical Kinase Profiling Service (Thermo Fisher Scientific), a high-throughput platform that enables screening across a broad panel of human kinases. The compound was evaluated using three validated assay formats, Z′-LYTE™, Adapta™, and LanthaScreen™ Eu Kinase Binding Assays, following standardized service protocols.

Statistical analysis
All experiments were conducted in triplicate. Statistical analysis was performed using GraphPad Prism 7 software. p-values were determined using a two-tailed Student’s t-test, with statistical significance set at p < 0.05. The exact level of significance is indicated by asterisks in the figures: *p < 0.05, **p < 0.01, ***p < 0.001.
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