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SUPPLEMENTARY METHODS
qPCR  

Real-Time quantitative PCR of MSI2 expression was performed on QuantStudio™ 3 Real-Time PCR System (Applied Biosystem) by using the SYBR™ Green PCR Master Mix (ThermoFisher) and the following primers: MSI2-forward: CCAAAGTTGCATTTCCTCGT, MSI2-reverse: AGCATTGCATCTTCCACCTT; HOXA9-forward: CACGCTTGACACTCACACT, HOXA9-reverse: CGCTCTCATTCTCAGCATTG. qPCR data were analyzed by QuantStudio™ Real-Time PCR Software.
Cell lines

SEM, RS4;11 and KOPN8 human cell lines, carrying the t(4;11)/KMT2A::AFF1+ or t(11;19)/KMT2A::MLLT1+ translocation respectively, were purchased from DSMZ (www.dsmz.de/dsmz). Cells were maintained in complete RPMI 1640 medium (Euroclone), supplemented with 10% FBS (Biosera), 1% Penicillin/Streptomycin (100 mg/mL) and 1% L-Glutamine (2mM) (both from Euroclone). SEM MSI2 knock-out (KO) clones were generated with CRISPR/Cas9 genome editing.
Compounds

Methylprednisolone (Urbason) was purchased from Sanofi S.r.l., Dexamethasone (Decadron) from Savio Pharma Italia, Ro 08-2750 from Tocris, and IACS-10759 from Selleckchem. 2-Deoxyglucose (2-DG), Metformin and Tigecycline were all purchased from Sigma-Aldrich.
CRISPR/CAS9 genome editing 

A pool of three expression plasmids each containing the CAS9 sequence, the GFP reporter and a guide RNA (gRNA A, B and C) (Supplementary Figure S2A-B) targeting the first RNA-recognition motif (RRM1) of MSI2 were purchased from Santa Cruz Biotechnology. A control plasmid (CNTRL) containing a scramble gRNA sequence was used as negative control. SEM cells were plated in antibiotic-free medium in a multi-well plate pre-coated with fibronectin to allow cell adhesion. Cell transfection was performed according to manufacturer instructions using the transfection reagent and transfection medium. To facilitate cell adhesion and transfection, two centrifugations (1000 rpm for 45min) were applied, one immediately after transfection and another after 3h. After 24h the positive transfected cells (GFP+) cells were FACS sorted and seeded at single cell concentration (1 cell per well) into 96-well plates. Single clones were expanded in culture and screened to identify CRISPR-edited SEM MSI2 KO clones (Supplementary Figure S2C-D). 
Analysis of MSI2 genome editing

Genomic DNA was extracted using the Wizard Genomic DNA Purification Kit (Promega) according to the manufacturer’s instructions and quantified by Nanodrop. The genomic DNA (gDNA) of MSI2 locus was amplified by PCR using the following primer pairs: 
	Target
	Targeting gRNA
	Forward Primer (5’→3’)
	Reverse Primer (5’→3’)

	MSI2 A
	gRNA A
	CCTCTGTTGCCGAATTTCCC
	CCTCTGGGGTTACTAGGGGG

	MSI2 B/C
	gRNA B; gRNA C
	ATCTTTTCTCCCAGCCACGC
	CCCTCCGAAAGAGTCACAAGG


The PCR products were loaded on a 1.5% agarose gel, purified with the ExoSAP enzymatic PCR Cleanup Reagent (BioLabs) according to the Manufacturer’s instructions and analyzed by Sanger sequencing.
Western Blot 

Protein lysates were obtained by lysing the cells with commercial buffers RIPA or Laemmli (both from Sigma-Aldrich). Anti-MSI2 (Abcam), anti-c-MYC, anti-BIM (both from Cell Signaling) and anti-HOXA9 (Bio-Techne) primary antibodies were used for the detection of target protein expression. Anti-actin antibody (Sigma-Aldrich) was used as loading control. 
High-throughput Drug Screening 
A semi-automated high-throughput drug screening was used for drug screening study 


(1, 2) ADDIN EN.CITE . Briefly, a custom (manually-curated) library of 175 compounds was printed on 1536-wells microplates by d300e Digital Dispenser (Tecan). Compound list is reported in Supplementary Table S1. Six single doses (8nM, 50nM, 223nM, 1µM, 5µM and 25µM) were used for each compound. All wells were normalized to the volume with DMSO. The apoptosis inducer Staurosporin was used as positive control; DMSO 1% vehicle was used as negative control in 24 wells. SEM wt, SEM CNTRL and three SEM MSI2 KO cells (clone 3.4, 3.7 and 9.9) were seeded at the concentration of 50.000 cells/ml onto library plates by using a Multidrop reagent Dispenser (ThermoFisher). Each sample was analyzed in triplicates. Cell viability was assessed after 72h by CellTiterGlo luminescence measurement on a Spark 10M microplate reader. The relative inhibition (normalized to DMSO) was calculated as follows:
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The EC50 was calculated using GraphPad Prism with the function "log(inhibition) vs normalized response – variable slope”. For each drug, the mean Drug Sensitivity Score (DSS) was determined from the three replicates based on the multi parameter AOC-calculation by using R package “DSS” and the function “DSS3” 


(3) ADDIN EN.CITE . The Pearson´s correlation coefficient of the three replicates was >0.9 (not shown). Unsupervised clustering analysis was performed with the R package “heatmap3”. Data were analysed with unpaired t-test statistical analysis (with p<0.05) of MSI2-expressing samples (SEM wt and SEM CNTRL; n=6) Vs SEM MSI2-KO samples (3.4, 3.7 and 9.9 clones; n=9) to identify the compounds with differential drug profile (n=20). All compounds were then analyzed with an unpaired t-test with correction for multiple testing with the Bonferroni-Dunn method to increase reliability of the results (n=4). These compounds were further analyzed with a One-Way ANOVA to verify the differential drug response in SEM wt, SEM CNTRL and each individual SEM MSI2 KO clones. Drug Sentivity Score (DSS) data from High-throughput drug screening analysis are reported in Supplementary Table S2. 
Analysis of drug response
Cell lines were seeded at a concentration of 0.3x106 cells/ml in complete RPMI 1640 medium. KMT2Ar ALL patient-derived xenograft (PDX) samples were seeded at 2.4x106 cells/ml in serum-free StemSpan (Stemcell Technologies) supplemented with 1% GlutaMAX (Gibco), 1% Penicillin/Streptomycin, hSCF and hG-CSF recombinant cytokines (10ng/mL, Peprotech). The sub-cytotoxic dose used for drug combinations was assessed in preliminary experiments. Cell viability was evaluated with CellTiterGlo Assay (Promega) on a SPARK 10M microplate reader (Tecan) and/or FACS analysis of apoptotic cells with AnnexinV/7-AAD staining (Enzo Life Science). The half-maximal effective concentration (EC50) and Combination Index (CI) were calculated using CompuSyn software (www.combosyn.com) on the mean values from triplicates. Based on the CI, the drugs were defined as: antagonists (CI>1.2), additives (0.9<CI<1.1) or synergistic (CI<0.9). For two-drugs combination the Bliss score was calculated according to the formula: Bliss Score=(Fa1+Fa2)–(Fa1xFa2); where Fraction affected (Fa) is the percentage of dead cells with single drug treatment normalized on untreated controls. 
Cell cycle analysis by Mass Cytometry (CyTOF)
SEM wild-type (wt), SEM CNTRL, SEM MSI2 KO (clone 3.4, 3.7 and 9.9) and RS4;11 cells treated with Methylprednisolone (50µg/ml) for 24-48h was collected (1X106 cells per condition), washed, resuspended in 1ml of filtered cell staining medium (CSM: PBS + 0.5% BSA + 0.02% NaN3) + 10µl of 5-Iodo-2′-deoxyuridine 1mM (IdU, Sigma-Aldrich) to a final concentration of 10µM. Cells were incubated for 15min at room temperature, then 100µl of filtered PFA 16% was added to each sample (to a final concentration of 1.6% PFA). Cells were incubated for 10 min at room temperature, washed twice in CSM. Cells were centrifuged 600 rcf for 5 min, supernatant was removed, pellet was resuspended in 100µl cell staining medium, snap-freeze, and stored at -80°C. Samples were thawed and barcoded using 20-plex palladium barcoding plates prepared in-house as described 


(4) ADDIN EN.CITE . Cells were stained for the surface marker (CD45 and CD19) for 30 minutes, washed with CSM and permeabilized with methanol 100% for 15 minutes at 4C. After 2 washes with CSM, cells were stained for intracellular markers for 30 minutes in 1mL volume. Cells were then washed with CSM and stained with 1:5000 191Ir/193Ir DNA intercalator (Fluidigm) in PBS with 1.6% PFA overnight at 4°C. The following day cells were washed with CSM and ddH2O, filtered and resuspended in 139La/142Pr/159Tb/160Tm/175Lu normalization beads. Samples were analyzed using a Helios Mass Cytometer (Fluidigm) at 200 events/sec rate. IMD files were normalized and debarcoded as previously described 


(4, 5) ADDIN EN.CITE  before proceeding to the analysis. The cell cycle phases could be discriminated in live gated cells (cPARP-/cCasp3-) according to the following marker expression, as previously described 


(6) ADDIN EN.CITE : G0 phase = pRB-/IdU-/CyclinBlow/pHH3-; G1 phase = pRB+/IdU-/CyclinBlow/pHH3-; S phase= IdU+pHH3-; G2 phase = IdU-/ CyclinBhigh/pHH3- and M phase = IdU-pHH3+. The CyTOF panel used in this study is reported below: 
	Channel
	Marker
	Symbol
	Mass
	Function

	1
	-
	Pd
	102
	Barcoding channel 1

	2
	-
	Pd
	104
	Barcoding channel 2

	3
	-
	Pd
	105
	Barcoding channel 3

	4
	-
	Pd
	106
	Barcoding channel 4

	5
	-
	Pd
	108
	Barcoding channel 5

	6
	-
	Pd
	110
	Barcoding channel 6

	7
	CD45
	Y
	89
	Surface antigen

	8
	IdU
	I
	127
	Cell cycle

	9
	cPARP
	La
	139
	Apoptosis

	10
	pHH3
	Ce
	140
	Cell cycle

	11
	CD19
	Nd
	142
	Surface antigen

	12
	NR3C1
	Eu
	151
	Intracellular antigen, GCR pathway

	13
	Ki67 
	Sm
	152
	Proliferation

	14
	cCasp3
	Dy
	162
	Apoptosis

	15
	Cyclin B
	Dy
	164
	Cell cycle

	16
	pRB
	Er
	166
	Cell cycle

	17
	DNA
	Ir
	191/193
	DNA intercalator

	18
	Cisplatin
	Pt
	195
	Viability


RNA-immunoprecipitation (RIP)

The RNA-immunoprecipitation was performed by using the Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Merk Millipore), starting from 2x107 cells for each immunoprecipitation and following the manufacturer’s instructions. Cell lysates were immunoprecipitated overnight at 4°C with recombinant anti-MSI2 monoclonal antibody (Abcam) or the negative control rabbit IgG antibody (mock) included in the kit (5µg for each immunoprecipitation). RNA was purified with Sodium Acetate and Phenol/Chloroform. Microarray analysis of immunoprecipitated RNA samples (RIP-chip) was performed on GeneChip next generation whole transcript expression arrays by using Human Clariom S Pico Assay (ThermoFisher). For RIP-chip of native SEM cell line, the enrichment analysis of MSI2 targets was performed on samples immunoprecipitated with anti-MSI2 antibody (ip anti-MSI2, n=2) compared to those immunoprecipitated with control rabbit IgG mock (ip IgG, n=1 pooled from 3 independent experiments). Linear fold change (FC) > 3.5 in ip anti-MSI2 was used to select direct target of MSI2. For RIP-chip of SEM CNTRL vs SEM MSI2 KO cells, both samples were immunoprecipitated only with anti-MSI2 antibody, and the enrichment analysis of MSI2 targets was performed on SEM CNTRL ip anti-MSI2 samples versus SEM MSI2 KO ip anti-MSI2 (background). Each sample was analysed in 3 biological replicates, either by using 3 different SEM MSI2 KO clones or by performing 3 individual immunoprecipitations for native SEM and SEM CNTRL. Genes up-regulated in SEM CNTRL ip anti-MSI2 after Shrinkage t-test and with q-value <0.05 were selected as target genes of MSI2. RIP-chip data are available at GEO database under accession number GSE235721. Over Representation Analysis in Gene Ontology Biological Process was used to determine the known process enriched in identified lists of MSI2 targets using ClusterProfiler package in R Bioconductor (7) and treeplot function to perform hierarchical clustering analysis of enriched terms after pairwise similarities calculated by pairwise terms function with Jaccard’s similarity index. Enriched terms related to mitochondria and oxidative respiration were represented in circular barplot.
Whole Transcriptome RNA-seq 
We applied next-generation sequencing (NGS) to analyze the transcriptome of SEM MSI2 KO vs SEM CNTRL cells with or without 24h Dexamethasone treatment, and a cohort of n=86 childhood B-ALL primary diagnostic samples, including n=27 KMT2Ar and n=59 non-KMT2Ar cases. RNAseq raw data were deposited in SRA repository (accession number PRJNA1170858). Libraries were prepared with the Universal Plus Total RNA-seq with NuQuant kit (Tecan Genomics), according to manufacturing instructions. Paired-end sequencing 2x75 was performed on NextSeq550 or NextSeq2000 (Illumina). A bioinformatics strategy was applied to detect the fusion genes by the RNA pipeline of the Dragen Platform Software v3.10.  Differential gene expression analysis was carried out using DESeq2 v.1.30. Genes were considered differential in the presence of a Benjamini-Hochberg corrected p-value < 0.1. Gene Set Enrichment was carried out using the GSEA software v.4.2.1 (https://www.gsea-msigdb.org/gsea/downloads.jsp). Gene-sets with a Benjamini-Hochberg corrected p-value <0.25 were deemed as significantly enriched and were subsequently prioritized according to their Normalized Enrichment Score (NES). Enrichment was assessed in KMT2A-rearranged (KMT2Ar) versus germline (Non-KMT2Ar) B-ALL by Gene Set Enrichment Analysis (GSEA, v4.1.0). GSEA of MSI2 targets was performed using the publicly available datasets from Nguyen et al. 2020


(8) ADDIN EN.CITE  and from Erazo et al. 2022  


(9) ADDIN EN.CITE  and using our own dataset obtained from RIP assay on SEM cell lines. 

Analysis of scRNAseq data 
We re-analyzed scRNAseq data (accession number EGAS00001003986) generated by Candelli et al. From this dataset, we re-analyzed n=6 peripheral blood (PB) diagnostic samples (24729 cells) of KMT2Ar infant ALL patients obtained by 10x Genomics. Single cell transcriptome count matrices were processed using the Seurat package v.4.0.44. Following quality prefiltering, cells from different experiments were normalized and variance-stabilized using the sctransform procedure. Data integration was carried out using Canonical Correlation Analysis, generating the final, integrated Seurat object. Principal Component Analysis (PCA) was calculated for initial dimensionality reduction, using the ElbowPlot function to select the total number of components to be retained for the downstream analyses, explaining a cumulative variance of >90%. Further dimensionality reduction was carried out on top of PCA using the Uniform Manifold Approximation and Projection (UMAP) algorithm. The projection in the first two dimensions of the UMAP were subsequently used to perform cluster identification, using the FindNeighbors and FindClusters algorithms. The final clustering resolution was selected using the Clustree algorithm as a compromise between maximization of the SC3 stability index and cluster count. Single cell gene set variation analysis was carried out with the Escape package (https://github.com/ncborcherding/escape/) by selecting sets of 2000 cells.
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Supplementary Fig. S1: Expression of MSI2 in pediatric B-ALL

Prognostic impact of  MSI2 in high risk pediatric ALL patients A. Corelation of MSI2 expression and relapse status (A) and overall survival (B) in the TARGET dataset (cohort 2, n=154 samples, https://gdc.cancer.gov/content/target-all-publications-summary) C. qPCR analysis of MSI2 in our Italian cohort of n=61 childhood B-ALL samples (both infants and pediatric cases), showing a higher expression of MSI2 in KMT2Ar (n=20/61) vs non-KMT2Ar (n=41/61) patients. Relative expression of MSI2 was calculated with the 2-∆∆Ct method. ***p<0.001 (Mann-Whitney test). 
Supplementary Figure S2
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Supplementary Fig. S2: Generation of a CRISPR-edited KSEM MSI2 KO cell line model
A. CRISPR/CAS9 genome editing experimental scheme (see also Supplementary Methods). (1) Transfection. (2) Expansion in vitro. (3) Clonal Selection. (4) Screening of genomic DNA, mRNA and protein expression. B. gRNA Plasmids and sequences. A pool of three gRNA Plasmids was used for transfection (left panel), each containing the GFP reporter gene, the CAS9 sequence and a gRNA (gRNA A, B or C) targeting first RNA-recognition motif of MSI2 (RRM1) with RNA-binding activity. The 20nt sequence of MSI2 gRNAs is reported (right panel) C. Genomic DNA sequence of MSI2 gene in SEM CNTRL or in SEM MSI2 KO clones. In CRISPR-edited clones, as a result of non-homologous end-joining DNA repair on both alleles, a sequence of 80 random nucleotide sequence (+80nt) was inserted on the region targeted by gRNA A, and one extra cytosine nucleotide (+C) was inserted on the region targeted by gRNA B/C (see also Supplementary Figure 3). D. Structure of MSI2 transcript in SEM wild-type (wt), SEM CNTRL and CRISPR-edited SEM MSI2 KO clones. As a result of CRISPR/CAS9 genome editing, an early stop-codon (stop) was inserted on MSI2 RRM1. E. Western Blot analysis of MSI2 protein expression. An anti-MSI2 antibody recognising the C-terminus of the gene was used to confirm the homozygous depletion of MSI2 in CRISPR-edited SEM MSI2 KO clones. Numbers indicate the signal quantification normalized on actin
Supplementary Figure S3

[image: image6]
Supplementary Fig. S3: Long-term competitive assay in vitro 

Sanger sequence analysis of MSI2 genomic DNA (gDNA) loci targeted by gRNAs. The gDNA fragments were amplified by PCR using specific primer pairs and sequenced (see also Figure 2B). CRISPR-edited SEM MSI2 KO clones display a (+80nt) random sequence on gRNA A targeted region (panel A) and one extra nucleotide (+C) on gRNA B/C region (panel B) (see also Supplementary Figure S1C). The two single population (SEM CNTRL and SEM MSI2 KO), the mix population 90:10 (KO:CNTRL) at the beginning of the assay (p0) and two representative timepoints (p10 and p20) are shown.

Supplementary Figure S4
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Supplementary Fig. S4: Drug profile of SEM MSI2 KO cells 

A. Unsupervised clustering analysis showing the drug profile of SEM wt, SEM CNTRL and SEM MSI2 KO cells throughout the 175 compounds of the library used for high-throughput drug screening. The reported DSS values were calculated for each sample as the mean of three replicates. B. Heatmap showing the 20 compounds with a differential profile identified by unpaired t-test statistical analysis (p<0.05) in MSI2-expressing (SEM wt and SEM CNTRL in triplicate (n=6)) versus SEM MSI2 KO clones (3.4, 3.7 and 9.9 in triplicate (n=9)). C. Differential drug sensitivity profile of SEM wt, SEM CNTRL and SEM MSI2 KO cells against Prednisolone and Dexamethasone. *p<0.05 **p<0.01 ns: not significant (One-Way Anova multiple t-test with Bonferroni correction).

Supplementary Figure S5
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Supplementary Fig. S5: Analysis of cell cycle and GCR expression
A. Cell cycle analysis performed by Mass Cytometry (CyTOF) in basal condition (left) and after treatment with 50µg/ml Methylprednisolone for 48h in vitro (right). The percentage of cells in each phase was detected based on cell cycle markers (Cyclin B, pRB and pHH3) and IdU content in live gated cells (cPARP-/cCasp3-), as previously described


(6) ADDIN EN.CITE . The RS4;11, a KMT2A::AFF1+ B-ALL cell line sensitive to GCs, was used as positive control. B. Effect of Methylprednisolone administration on cell cycle in RS4;11, SEM wt, SEM CNTRL and SEM MSI2 KO clones. Values reported the Delta increase or decrease calculated as the difference between treated and untreated samples. The mean values were calculated on two replicates for SEM wt and SEM CNTRL and by pooling three SEM MSI2 KO individual clones. ****p<0.0001 (Two-way Anova). C. Expression of Glucocorticoid receptor (GCR/NR3C1). The heatmap reports the percentage of GCR-positivity in live-gated (cPARP-/cCasp3-) in samples treated in vitro with Methylprednisolone (50µg/ml) for 24h or 48h.  

Supplementary Figure S6
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Supplementary Fig. S6: Response to Glucocorticoids treatment and combination with Ro 08-2750

A-B. Combination treatment in vitro on KOPN-8 cell lines (A), and ex vitro using one PDX sample from a KMT2A::MLLT1+  infant ALL patient (B). Scalar doses of Methylprednisolone or Dexamethasone were used, while Ro 08-2750 was used at a constant concentration (2µM in KOPN-8 or 12µM in PDXs). Fraction affected: percentage of dead cells (AnnexinV-positive) detected by FACS 72h after treatment (mean of three replicates) normalized to the untreated controls. Bliss: Bliss score (open dot, dashed line). CI: combination index. **p<0.01 ***p<0.001 ****p<0.0001 (Two-way Anova, combo vs Bliss). C. Dose effect of Ro 08-2750 treatment as a single compound in KMT2Ar cell lines and PDXs.
Supplementary Figure S7
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Supplementary Fig. S7: Gene set enrichment analysis of SEM MSI2 KO and SEM CNTRL.
GSEA plots in SEM MSI2 KO vs SEM CNTRL showing the enrichment of KMT2A (aka MLL), KMT2A fusion and targets of HOXA and MEIS1.
Supplementary Fig. S8
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Supplementary Fig. S8: Functional analysis of MSI2 direct targets in KMT2Ar B-ALL
A. Treeplot diagram showing the functional grouping (Over Representation Analysis for Gene Ontology Biological Process) of genes enriched in native SEM wt cells immunoprecipitated with anti-MSI2 antibody (ip anti-MSI2) compared to IgG mock (ip IgG) identified by RIP-chip. Size of dots are proportional to the number of genes present in each gene set; color intensity reflects p.adjust value (as shown in the figure legend). B. RIP-qPCR analysis of HOXA9 enrichment in SEM wt cells immunoprecipitated with anti-MSI2 or IgG antibody. C. Western blot analysis of HOXA9 expression level in SEM CNTRL and SEM MSI2 KO clones. Numbers indicate the signal quantification normalized on actin. D. Circle barplot showing gene sets involved in mitochondrial metabolism enriched in MSI2 targets derived from RIP-chip of native SEM wt cells immunoprecipitated with anti-MSI2 vs IgG (red bars) or from RIP-chip of SEM CNTRL vs SEM MSI2 KO, both immunoprecipitated with anti-MSI2 antibody (blue bars). Bars height indicates gene count for each term, as shown in figure.  

Supplementary Figure S9
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Supplementary Fig. S9: Bulk RNAseq analysis of KMT2Ar vs non-KMT2Ar ALL patients

A. Principal components analysis of n=86 pediatric B-ALL patients. B. volcano plot depicting the differentially expressed genes in n=27 KMT2Ar ALL patients vs n=59 non-KMT2Ar ALL patients C. Heatmap showing the top 30 up and down regulated genes.  
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Supplementary Fig. S10: Seahorse XF Bioenergetic profiling. 
A. Seahorse XF ATP Rate assay showing basal ATP production of SEM CNTRL and SEM MSI2 KO cells at basal level (untreated conditions). GlycoATP: total ATP production by glycolysis. Mito ATP: total ATP production by mitochondrial respiration. Ns: Not significant (One-way Anova) B. Western Blot analysis of c-Myc expression in SEM CNTRL and SEM MSI2 KO cells upon treatment with Dexamethasone or Methylprednisolone overnight. Numbers indicate the signal quantification normalized on actin C. Seahorse XF Mito Stress Test showing basal and maximal mitochondrial respiration of SEM CNTRL and SEM MSI2 KO cells after 24h treatment with Dexamethasone. Ratio OCR: normalized on untreated controls. Drop %: Delta OCR (ΔOCR=OCRGC – OCRuntr) x 100. *p<0.05 **p<0.01 ****p<0.0001 (One-way Anova). D. Quantification of basal respiration, maximal respiration and MitoATP obtained by Mito stress test in SEM wt cells after 24h of treatment with Ro 08-2750 (12µM), GCs (Pred 50µg/ml or Dexa 5µg/ml), or a combination of them. Mean OCR was calculated on 6 replicates and normalized on untreated sample. ns: not significant ****p<0.0001 (One-way Anova). 
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Supplementary Fig. S11: Response to glycolysis inhibition upon 2-DG administration
A. Treatment with 2-DG administration in SEM CNTRL and SEM MSI2 KO cells. Cell viability was assessed by CellTiterGlo at 48h. EC50 SEM CNTRL = 1.69 mM; EC50 SEM KO = 0.27-0.34 mM. ****p<0.0001 (Two-way Anova, MSI2 KO vs CNTRL). B. Combination treatment with 2-DG and Ro 08-2750 in two KMT2Ar ALL cell lines SEM and KOPN-8. Different doses of 2-DG were used in combination with a constant (sub-cytotoxic) concentration of Ro 08-2750 (2µM or 12µM for KOPN-8 or SEM cells, respectively). Apoptosis was assessed by FACS analysis of AnnexinV/AAD-positive cells after 72h. *p<0.05 **p<0.01 ****p<0.0001 (Two-way Anova, combo vs Bliss).
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Supplementary Fig. S12: Combination treatment with GCs and Oxphos inhibitor
A. In vitro combination treatment on KOPN-8 cell line. Scalar doses of Methylprednisolone (left panel) or Dexamethasone (right panel) were used in combination with a constant sub-cytotoxic concentration of Tigecycline (3µM). The Fraction affected was detected by FACS as the percentage of dead cells (AnnexinV-positive) after 72h of treatment (mean of 3 replicates) normalized on the untreated controls. Bliss: Bliss score (open dot, dashed line). ****p<0.0001 (Two-way Anova, combo vs Bliss). B. Dose effect of Metformin (10mM) and Tigecycline (3µM) treatment as a single compound in SEM and KOPN-8 cell lines. C. In vivo combination treatment on NSG mice transplanted with SEM cells (2x106 cells/mouse). Three days after transplantation, the mice were randomized into four groups, treated with vehicle, Dexamethasone, IACS-010759, or a combination of Dexamethasone and IACS-010759 for 3 weeks (as depicted in the experimental scheme). Mice were culled and analyzed for leukemic engraftment in the bone marrow (BM), spleen (SPLN) and meningeal plexus (CNS). *p<0.05 **p<0.01 ****p<0.0001 ns: not significant (One-way Anova).
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Supplementary Fig. S13: Auto-regulatory loop of the KMT2A/HOXA9/MSI2 axis
Proposed model of auto-regulatory loop of the KMT2A/HOXA9/MSI2 axis, depicting the epigenetic/transcriptional/post-transcriptional mechanisms of regulations. The KMT2A fusion upregulates HOXA9 transcript via chromatin remodeling (epigenetic regulation). The HOXA9 transcription factor, though its Homeodomain, binds to the transcriptional stating site on MSI2 promoter (transcriptional regulation), leading to MSI2 upregulation. The RNA-binding protein MSI2 directly binds to HOXA9 mRNA and promotes its translation (post-transcriptional regulation). Created with BioRender.com
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