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Materials and Methods

Cytogenetic analyses and cohort definitions

Cytogenetic aberrations and composite karyotypes of the Leucegene cohort were described
according to the International System for Human Cytogenomic Nomenclature 2016 guidelines.
Complex karyotype was defined as having 3 or more clonal chromosomal abnormalities in the
absence of the recurrent genetic abnormalities, including t(8;21), inv(16) or t(16;16), t(9;11),
t(6;9), inv(3) or t(3;3) and AML with BCR-ABLI (61).

Human cord blood cell collection and processing

Fresh umbilical cord blood units were collected from consenting donors according to ethically
approved procedures at St Justine, Maisonneuve-Rosemont (Montréal, QC, Canada) and Charles
Le Moyne (Longueuil, QC, Canada) Hospitals. Human CD34" cells were isolated using the
EasySep Human Cord Blood CD34" Selection Kit (StemCell Technologies Cat #18056) through
positive magnetic selection. Chemical screen was performed as described in primary AML with
the following modifications: 2000 cord blood cells were seeded, CB media contains StemSpan-
ACF (StemCell Technology #9855) supplemented with 100 ng/mL stem cell factor (Shenandoah
#100-04), 100 ng/mL FLT3L (Shenandoah #100-21), 50 ng/mL TPO (R&D #288-TP-200/CF),
10ug/mL Human LDL (StemCell Technology #026989), 1X glutamax (Invitrogen #35050061),
gentamicin (50 pg/mL), ciprofloxacin (10 pg/mL), SR1 (500 nmol/L, Alichem) and UM729 (500
nmol/L, IRIC).

Cell culture

Cell lines were purchased from the ATCC or donated from collaborators. OCI-AMLS cell line was
cultured in aMEM, 10% heat-inactivated FBS supplemented with 10 ng/mL GM-CSF, K562 cell
line was maintained in IMDM 10% heat-inactivated FBS, HEK293 and HEK293T were kept in
DMEM, 10% heat-inactivated FBS. Cells were maintained at 37°C in 5% CO, atmosphere. K562
cell lines WT or heterozygous for SF3B1 (K700E/+) were purchased from Horizon Discovery
(#HD 181-012 and #HD PAR-131) and maintained in IMDM supplemented with 10% heat-
inactivated FBS. For experiments performed under hypoxic conditions, cells were incubated in
regular media and incubated at 1% O, for 4 days.

Dose-Response assays in cell lines

Chemical screens were performed as in primary AML samples with a few modifications: 300 cells
per well were seeded in 50 pL of media, compounds were added in serial dilution (8 dilutions, 1:4,
10 uM down to 0.6 nM) and cell viability was evaluated after 4 days in culture.

Metal binding assays

Metal chelation property of compounds was monitored by UV-visible spectroscopy analysis using
a Biochrom WPA Lightwave 11+ spectrophotometer ranging from 200 to 600 nm. Molecules were
solubilized in ethanol at a concentration of 40 uM and 1 equivalent of various metal ions (CuCl,,
FeCl,, ZnCl,) in ethanol were added. All absorbance spectra were recorded 30 minutes after
addition in a quartz cell of 1 cm optical path length at room temperature.

Immunoblot analysis
For yYH2AX and p53 immunoblots, total proteins were extracted using Laemmli buffer (125 mM



Tris-HCI pH7.4, 4% SDS, 20% Glycerol, 10% 2-mercaptoethanol, 0.004% bromophenol blue).
Proteins were resolved by SDS-PAGE, transferred onto PVDF membrane, blocked with 5% milk
and probed with primary (overnight, 4C) and secondary (1h, room temperature) antibodies. For
FDX1, ABCB7, POLDI, LIAS, DLAT and lipoic acid immunoblots, the same protocol was
applied with the exception that total proteins were extracted using RIPA buffer (20 mM Tris-HCl
pH7.4, 150 mM NaCl, 5 mM MgCI2, 5 mM EGTA, 60 mM B-glycerophosphate, 0.1% NP40,
0.1% Triton X-114, 1 mM DTT) supplemented with protease inhibitors (cOmplete, EDTA-free
protease inhibitor tablets), and quantified by the bicinchoninic acid (BCA) method using a BSA
standard curve. Primary antibodies used are as follow: YH2A . X (Millipore 05-636), pS3 phospho-
serl5 (Cell Signaling Technology 9284S), FDX1 (Novus Biologicals NBP1-89227), ABCB7
(Novus Biologicals NBP2-21600), POLD1 (Abcam ab186407), LIAS (ProteinTech 11577-1-AP),
DLAT (Cell Signaling Technology 12362), lipoic acid (Abcam ab58724) and alpha-tubulin (Cell
Signaling Technology 2144S). Secondary antibodies used are as follow: anti-mouse HRP (Jackson
ImmunoResearch 115-035-146) and anti-rabbit HRP (Jackson ImmunoResearch 111-035-144).

Immunofluorescence

OCI-AMLS cells were treated 16 hours with compounds, washed in PBS and plated onto poly-I1-
lysine coated Ibidi microscopy chambers. Cells were fixed with 1% paraformaldehyde for 8 min
at room temperature and were then washed in PBS. After blocking in PBS with 1% bovine serum
albumin and 0.25% Triton, cells were stained for 2 h at room temperature with DLAT antibody
(Cell Signaling Technology 12362, dilution 1:100). Cells were further washed and stained with
Alexa Fluor 647 anti-mouse secondary antibody (ThermoFisher A-21236) and finally
counterstained with DAPI. Following immunostaining, images were captured on a Zeiss LSM 880
confocal microscope driven by ZEN software at 60X. Total DLAT signal was quantified using
Image J software (NIH) and is reported as total DLAT intensity divided by the number of cells in
each image.

Synergy

Dose response of copper (33 to 33500 nM) or Pladienolide B (0.00005 to 0.05 nM) were assessed
in combination with increasing concentrations of UM4118 (5 to 5000 nM or 0.5 to 500 nM,
respectively) in 384-well plates to determine synergistic interactions. 300 OCI-AMLS cells per
well were seeded in 50 pL of media, and cell viability was evaluated after 4 days in culture by
CellTiterGlo assay (Promega). Synergy scores were calculated according to the Bliss method.

Knockdown experiments by shRNA

Lentiviral vectors carrying shRNAs targeting ABCB7, GLRX3, NFSI1, MMS19, NFUI, DLAT or
CTRI gene were generated by cloning shRNA sequences into MNDU vectors comprising miR-E
sequences (62). Control vector (shRNA ctrl) contained shRNA targeting Renilla luciferase.
Sequences of  the 22-mer  guide shRNAs are as follow: ABCBY7:
TTGTAATAAATAGTATTATGGA; GLRX3: TTCATAAACAGCATGCAGGGGG; NFSI:
AATTATTAGAATAACTGGTGGA; MMSI19: TCATAGAACAGTATCAGGTGTA; NFUI:
TATATATTATCAACAAGTCTGA; DLAT: TTCATTTACAATGAACTACCAG; CTRI #I:
TAATGTTAAGTTTGAGTTCTGG; CTRI #2: TTGGTATAACGTATCACATCTA and CTRI
#3: TAATCAAAGTGTTAAGTGGGAA. HEK293T cells were transfected with 5 pg lentiviral
plasmid, 3.3 pg PAX2 packaging plasmid and 1 pg VSV-G envelope plasmid using 20 pL of
JetPrime Transfection reagent (PolyPlus Transfection), according to manufacturer’s directions to



produce lentiviruses. Viral supernatants were collected after 48 hours, filtered and used to infect
cell lines at a multiplicity of infection of 5 in media supplemented with 10 ng/mL polybrene for
48 hours. Infection efficiency, as determined by the percentage of GFP positive cells, was
monitored by flow cytometry using a BD FACSCanto II and infected cells were selected with
puromycin.

Oxygen consumption rate analysis

Oxygen consumption rate (OCR) in OCI-AMLS cells was measured using a 96-well Seahorse
Bioanalyzer XFe96 according to the manufacturer’s instructions (Agilent Technologies). OCI-
AMLS cells were seeded into Seahorse 96-well plates pre-coated for 3 hours with polylysine
(Sigma-Aldrich, P4707) at a density of 100000 cells/well in Seahorse XF Base Medium (Agilent
Technologies #103575-100). Cells were treated for 24 hours with compounds or DMSO prior to
analysis (n=6 for each conditions). For OCR measurements, compounds were acutely injected in
media at a final concentration of 1 uM for Oligomycin, 0.5 uM for FCCP and 0.5 uM for
Rotenone/Antimycin A.

Total proteome

10 million OCI-AMLS cells (seeding density of 0.5 M / mL) were treated in triplicate with DMSO
or 300 nM UM4118 for 16 hours in media supplemented with 1 uM copper. Collected cells were
washed in PBS and cell pellets lysed in Triton X-100 buffer (10 mM PIPES pH 7.4, 0.5% Triton
X-100, 300 mM Sucrose, 100 mM NaCl, 3 mM MgCl2, 0.5 mM EDTA, protease inhibitors). A
total of 100 pg of proteins for each sample was precipitated and washed using MeOH/CHCI3.
Samples were reconstituted in 50 mM ammonium bicarbonate with 10 mM TCEP (Tris(2-
carboxyethyl) phosphine hydrochloride; Thermo Fisher Scientific), and vortexed for 1 h at 37°C.
Chloroacetamide (Sigma-Aldrich) was added for alkylation to a final concentration of 55 mM.
Samples were vortexed for another hour at 37°C. One microgram of trypsin was added, and
digestion was performed for 8 h at 37°C. Samples were dried down and solubilized in 5% ACN-
4% formic acid (FA). The samples were loaded on a 1.5 pul pre-column (Optimize Technologies,
Oregon City, OR). For each run, 1 pg of peptides was separated on an home-made reversed-phase
column (150-pum i.d. by 200 mm) with a 116-min gradient from 10 to 30% ACN-0.2% FA and a
600-nl/min flow rate on an Easy nLC-1200 connected to a Exploris 480 (Thermo Fisher Scientific,
San Jose, CA) with the FAIMS interface. Each proteome was analyzed with 4 separate LC-MS/MS
runs acquired with a different set of compensation voltages (CV) and a different m/z range: runl
was performed with the CV set-44V-54V-64V-74V from m/z 350 to 453, run 2 was performed
with the CV set -40V-48V-56V-64V-72V-80V from m/z 451 to 542, run 3 was performed with
the CV set -40V-48V-56V-64V-72V-80V from m/z 540 to 661, run 4 was performed with the CV
set -35V-46V-57V from m/z 659 to 890. Each full MS spectrum acquired at a resolution of 120,000
was followed by tandem-MS (MS-MS) spectra acquisition on the most abundant multiply charged
precursor ions for 3s. Tandem-MS experiments were performed using higher energy collision
dissociation (HCD) at a collision energy of 34% with an AGC of 50% a resolution of 45,000 and
an injection time of 100 ms. The data were processed using PEAKS X Pro (Bioinformatics
Solutions, Waterloo, ON) and a Uniprot human database (20366 entries) with trypsin as the
enzyme. Mass tolerances on precursor and fragment ions were 10 ppm and 0.01 Da, respectively.
Fixed modification was carbamidomethyl (C). Variable selected posttranslational modifications
were acetylation (N-ter), oxidation (M), deamidation (NQ), phosphorylation (STY).

Differential Enrichment analysis of Proteomics data (DEP) package (63) in R was used to analyze



the data (excluding proteins identified based on a single peptide), including data filtering,
normalization, imputation of missing values and statistical testing of differentially expressed
proteins. Analysis for gene set enrichment was done using STRING (64).

Cell proliferation assay

100.000 OCI-AMLS cells, previously infected with lentivirus expressing the indicated shRNAs,
were seeded in 48-well plates at day O and treated with DMSO or 150 nM UM4118. Every 2 or 3
days, cells were counted by flow cytometry (BD FACSCanto II) using CountBright absolute
counting beads. Cells were kept at a density of 0.2 M / mL through the experiment. Counts were
normalized to DMSO treated cells to take in consideration any proliferative impact of each
individual shRNAs.

Clonogeny assay

K562 cell lines WT or carrying the SF3B1 K700E heterozygous mutation were treated 48 hours
with DMSO or 20 nM of the copper ionophores (elescomol or UM4118). 1500 cells were then
seeded in triplicate in IMDM 1% methylcellulose supplemented by 20% heat-inactivated FBS, 1%
deionized BSA, 2 mM Glutamine, 200 pg/mL Holo-transferrin, 10*M b-mercaptoethanol, 100
ng/mL SCF, 10 ng/mL IL-3, 10 ng/mL GM-CSF, 3 U/mL Epo, 10 ng/mL IL-6 and 50 ng/mL Tpo.
Colonies were counted 10 days after seeding.
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Figure S1: Primary AML cohort and results of the discovery screen.

(A) Mutation heatmap of the 56 primary AML patient samples used in the discovery screen (3
specimens without mutations are not represented). Genes (y-axis) are ordered based on their
mutation frequencies while AML specimens are represented in the x-axis. (B) Dot plot distribution
of S767 associated percentage of inhibition across the different AML specimen subgroups
(discovery screen). Normalized to DMSO control treatment, empty dot represents SF3B-mutated
sample, median is represented in red.
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Figure S2: Primary AML cohort and results of the validation screen.

(A) Mutation heatmap of the primary AML patient samples used in the validation screen
(specimens without mutations are not represented). Genes (y-axis) are ordered based on their




mutation frequencies while AML specimens are represented in the x-axis. Sensitive versus
resistant AMLs were splited according to tierl and tier3 of their ICs, values. (B) Anti-correlation
observed between RUNX3 mRNA expression and S767 1C,, values obtained in primary specimens.
(C) Dot plot representation of RUNX3 mRNA expression in primary AMLs used in the validation
screen. S767 sensitivity is color-coded and median is depicted in black. (D) Dot plot representation
of RUNX3 mRNA expression in complex karyotype, intermediate abnormal karyotype and normal
karyotype AMLs tested in the validation screen according to their sensitivity to S767. (E) Gene
set enrichment analysis (GSEA) comparing transcriptomic signatures of tierl (sensitive) versus
tier3 (resistant) primary AMLs included in the validation screen.
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Figure S3: Structure-activity relationship (SAR) related to S767 optimization.
(A) Representative examples of the S767 analogs including the sulfonamide and picolinamide
series. ICs, values in OCI-AMLS are depicted, as well as the ratio of ICs, values obtained in OCI-



AMLS stably expressing an shRNA control versus an shRNA targeting ABCB7. Molecules with a
ratio > 2 were considered on-target. (B) Structures of UM4118 and example of analogs carrying
structural modifications that abrogate metal binding properties of the molecules. Elements that
confer metal binding are depicted in red in UM4118 structure. IC;, values were determined in OCI-

AMLS cells (highest dose tested = 10 uM).
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Figure S4: Copper-dependent activity of UM4118 molecule.

(A) Dose-response curves obtained in primary AML samples 12H117 (complex karyotype) and
11H205 (MECOM/EVII-rearranged) exposed to indicated compounds in regular AML media,
supplemented with 5 uM copper or 100 uM BCS (error bars indicate SD of technical duplicates).
Daunorubicin is used as a negative control. (B) Representative dose-response curves for UM4118
and elesclomol obtained in OCI-AMLS cells constitutively expressing shRNAs targeting CTR]
(error bars indicate SD of technical duplicates).
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Figure S5: UM4118 induces cell death by cuproptosis.

(A) Intra-mitochondrial metal quantification (ICP-MS) of HEK293 cells exposed 3 hours to
indicated compounds. Data is represented as mean +/- SD (n=3, unpaired t test compared to DMSO
condition). (B) Representative dose-response curves for UM4118 and elesclomol obtained in OCI-
AMLS cells pre-treated with 10 uM Ferrostatin-1 (ferroptosis inhibitor), Z-DEVD-FMK (caspase
3 inhibitor) or Emricasan (pan caspase inhibitor). Error bars indicate SD of technical duplicates.
(C) Representative dose-response curves for UM4118 obtained in OCI-AMLI cells constitutively
expressing an shRNA targeting DLAT (error bars indicate SD of technical duplicates).
Daunorubicin is used as a negative control. (D) Proliferation assay of OCI-AMLS cells



constitutively expressing sShRNAs targeting DLAT or NFSI in the presence of 150 nM UM4118
(n=2, mean +/- SD). Cellular counts were normalized to DMSO treated cells.



A
UM4118
-~ shRNA ctrl
100 - ShRNA NFS1
S s~ shRNA NFU1
]
_'E 50
=
L |
o [ ]
1 2 3 4 5
Log10(nM)
-50

Figure S6: ISC deficiency potentiates UM4118 cytotoxicity.
(A) Representative dose-response curves for UM4118 obtained in OCI-AMLS cells constitutively

expressing shRNAs targeting NF'S1 or NFUI (error bars indicate SD of technical duplicates).
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determined in regular media, in media supplemented with 2 uM copper (Cu) or in the presence of
the copper chelator BCS (100 uM) in K562 SF3B1 WT or mutated cells. Data is represented as
mean +/- SD (n=3). (D) Representative images (left) of DLAT staining (red) in K562 SF3B1 WT
or mutated cells exposed 16 hours to 300 nM UM4118 in media supplemented with 1 uM copper.
Nuclei are counterstained with DAPI (blue), scale bar = 10 um. Quantification (right) of total
DLAT signal divided per the number of cells in each image is depicted (unpaired t test). (E)
Immunoblot analysis of POLDI1, LIAS and DLAT proteins on K562 SF3B1 WT or mutated cells
cultured in media supplemented with 1 uM copper and exposed 16 hours to 30 nM elesclomol,
300 nM UM4118 or DMSO. Tubulin is used as a loading control.



Splicing defects in SF3B71 mutated AML
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Figure S8: Splicing defects in SF3BI1-mutated primary AMLs.
(A) Distribution of the splicing alterations found in SF3BI-mutated primary AMLs compared to

WT. Only events presenting a significant difference of PSI (APSI = 5%, p < 0.01 Mann-Whitney
U test) between SF3BI-mutated samples (n=20) and control AMLs (n=671) were kept. (B) Box
plot representation of the percent-splice-in (PSI) value and total mRNA expression in TPM
(transcripts per million) of representative genes in primary AML specimens with or without
mutations in the splicing factors SF3BI1, SRSF2 (n mutated = 62) or U2AFI (n mutated = 11)
(Mann-Whitney U test). (C) Gene set enrichment analysis (GSEA) plot comparing transcriptomic
signatures of tierl (sensitive) versus tier3 (resistant) primary AMLs included in the validation
screen. A3SS: alternative 3’ splice site, A5SS: alternative 5’ splice site, SE: skipped exon, MXE:
mutually exclusive exon, RI: retained intron.



Other Supplementary Materials for this manuscript include the following:
Tables S1 to S8 in excel documents

Table S1: Data for S767 molecule in discovery and validation screens (primary AML specimens).
Table S2: Differential expression analysis between most sensitive (tier 1) and most resistant (tier
3) primary AML specimens in response to S767.

Table S3: Transcriptome data of OCI-AMLS cells exposed 24 hours to 1 uM of S767.

Table S4: Whole genome CRISPR/Cas9 loss-of-function screen results obtained in cells exposed
to S767.

Table S5: Aberrant splicing events identified in SF3B/-mutated primary AML patient samples
compared to WT.

Table S6: ABCB7 mRNA expression and PSI/W (Percent Spliced-In) value determined in primary
AML patient samples.

Table S7: Whole genome CRISPR/Cas9 loss-of-function screen results obtained in cells exposed
to UM4118.

Table S8: Total proteome data of OCI-AMLS cells exposed 16 hours to 300 nM of UM4118.
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