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Small molecule inhibition of METTL3 as a strategy against myeloid
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The N6-methyladenosine (m°A) is an abundant internal RNA modification'? catalysed

predominantly by the METTL3-METTLI14 methyltransferase complex®*. The m°A writer
METTL3 has been linked to the initiation and maintenance of acute myeloid leukaemia (AML),
but its true therapeutic importance is still unknown’®”’. Here we present the identification and
characterisation of a highly potent and selective first-in-class catalytic inhibitor of METTL3
(STM2457) and its co-crystal structure bound to METTL3/METTLI14. Treatment with
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STM?2457 leads to reduced AML growth, and an increase in differentiation and apoptosis.
These cellular effects are accompanied by selective reduction of m®A levels on known
leukaemogenic mRNAs and a decrease in their expression consistent with a translational
defect. We demonstrate that pharmacological inhibition of METTL3 in vivo leads to impaired
engraftment and prolonged survival in various AML mouse models, specifically targeting key
stem cell subpopulations of AML. Collectively, these results reveal the inhibition of METTL3
as a potential therapeutic strategy against AML, and provide proof of concept that the targeting
of RNA modifying enzymes represents a promising new avenue for anti-cancer therapy.

Main

To investigate the therapeutic potential of targeting the enzymatic activity of METTL3 as an
anti-leukaemic strategy, we developed the small molecule STM2457. A high throughput screen
(HTS) of 250,000 diverse drug-like compounds was carried out. STM1760 [half maximum
inhibitory concentration (ICsp) = 51.7 uM] was one of only two non-S-adenosyl methionine
(SAM) related hits arising from the HTS (Extended Data Fig. 1a, b). After optimisation of
potency, in vitro ADME and in vivo pharmacokinetic properties, we identified STM2457 (Fig.
la). STM2120 (ICs0 = 64.5 uM) was identified as structurally related, but 1,000 fold less active
compared to STM2457 (Fig. 1b and Extended Data Fig. 1a).

Characterisation of STM2457

STM2457 is a potent inhibitor of METTL3/METTL14 catalytic activity with a ICso of 16.9 nM
(Fig. 1b). Direct binding to the METTL3/METTL14 heterodimer was confirmed using surface
plasmon resonance (SPR) with a high affinity Kd of 1.4 nM (Fig. 1c, d and Extended Data Fig.
Ic-e). A co-factor competitive binding mode was demonstrated using SAM in the SPR running
buffer (Fig. 1d). There was no evidence that the compound disrupted the METTL3/METTL14
complex. STM2457 is highly specific for METTL3 and showed no inhibition of other RNA
methyltransferases (Extended Data Fig. 1f). Moreover, STM2457 showed >1,000-fold
selectivity for METTL3 when tested against a broad panel of 45 RNA, DNA and protein
methyltransferases (Fig. le and Extended Data Fig. 1g), and showed no inhibitory effect on a
panel of 468 kinases (Extended Data Fig. 1h). We further characterized the binding of
STM2457 to METTL3 by X-ray crystallography, confirming the binding of STM2457 to the
SAM binding site (Fig. 1f and Extended Data Fig. 2a). The strong selectivity of STM2457
observed in the methyltransferase panel is consistent with: the structural dissimilarity with
SAM or known methyl transferase inhibitors, its avoidance of the homocysteine binding pocket
utilized by SAM, the reorganization of K513 on STM2457 binding, and the known structural
diversity of the cofactor binding site of SAM-dependent methyl transferases®.

Equipotent inhibition of human and mouse METTL3 by STM2457 was demonstrated using a
cellular thermal-shift assay (Extended Data Fig. 2b). The difference between biochemical and
cellular ICso of STM2457 is consistent with the Km of SAM for METTL3/14 (0.1 uM)’ and
the competition from highly abundant intracellular SAM'?. We further demonstrated target
inhibition of STM2457 in cells by measuring concentration-dependent reduction of m°A on
poly-A*-enriched RNA (Fig. 1g and Extended Data Fig. 2c). No changes were detected on
other RNA modifications (Extended Data Fig. 2d). Pharmacokinetic profiling of STM2457 in
mice following a single intra-peritoneal dose of 50 mg/kg indicated a sufficient half-life of
STM?2457, ensuring appropriate compound exposure levels in vivo over 24h (Extended Data
Fig. 2e). Dose-dependent inhibition of m®A on poly-A*-enriched RNA from mouse spleens
confirmed a clear relationship between compound exposure and target inhibition in vivo
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(Extended Data Fig. 2f). These data demonstrate that STM2457 is a highly potent, specific and
bioavailable inhibitor of METTL3, suitable for in vivo investigations.

Cellular and molecular effects of STM2457

To study the anti-leukaemic potential of STM2457 we examined the proliferation of a panel of
human AML cell lines post-treatment and detected significant growth reduction in a
concentration-dependent manner (Fig. 2a) while we found that STM2457 did not affect the
colony-forming ability of normal human cord blood CD34* cells (Extended Data Fig. 3a). We
also observed no impact on the proliferation of MOLM-13 cells treated with the control small
molecule STM2120, unlike our observations with STM2457 (Extended Data Fig. 3b).
Additionally, treatment with STM?2457 significantly reduced the clonogenic potential of
primary murine AML cells (Fig. 2b and Extended Data Fig. 3c), while having no effect on
normal haematopoietic stem and progenitor cells (HSPCs) (Fig. 2c). Pharmacological
inhibition of METTLS3 also caused significant myeloid differentiation®!! and cell cycle arrest
in MOLM-13 and primary murine AML cells (Fig. 2d, e). In contrast, the same effects were
not identified using the non-leukaemic haemopoietic cell line HPC7 (Fig. 3e and Extended
Data Fig. 3d). Moreover, treatment with STM2457 induced apoptosis in human and mouse
AML models but not in normal non-leukaemic haemopoietic cells (Fig. 2f and Extended Data
Fig. 3e). To assess the impact of pharmacological inhibition of METTL3 on two known
METTL3 biomarkers associated with AML, SP1%'2 and BRD4'>!4, we treated MOLM-13 cells
with STM2457 and observed a dose-dependent reduction of SP1 and BRD4 protein levels (Fig.
2g). Notably, ectopic expression of SP1 significantly reduced the sensitivity of MOLM-13
cells to STM2457 (Extended Data Fig. 3f, g). These data establish that the catalytic function
of METTL3 is important for leukaemia growth, in line with previous findings®’->.

We next sought to investigate the molecular mechanism by which STM2457 affects AML.
RNAseq analysis of MOLM-13 cells treated with STM2457 revealed 1,338 up-regulated and
489 down-regulated genes (Extended Data Fig. 4a and Supplementary Table 1). Gene ontology
(GO) analysis of the differentially expressed genes showed enrichment in pathways related to
myeloid differentiation, cell cycle and leukaemia progression (Extended Data Fig. 4b, c) in
close agreement with our phenotypic observations (Supplementary Table 2). To examine the
impact of the pharmacological inhibition of METTL3 on m°A levels we performed m°A-
meRIP-seq in MOLM-13 cells treated with STM2457. This identified 11,909 mlA peaks on
poly-A*-enriched RNA, of which 4,666 were reduced upon STM2457 treatment, indicating
that they were METTL3-catalytic dependent (Fig. 3a and Supplementary Table 3). We
observed no major changes between the general m°A distribution and the distribution upon
treatment with STM2457 (Fig. 3a, b). Importantly, motif analysis identified the mSA-associated
DRACH motif!® as the top candidate (Fig. 3c), validating the specificity of STM2457.

We next compared our m°A-meRIP-seq findings to previously published meRIP-seq dataset®
using METTL3 knock-down (KD) in MOLM-13 cells. This analysis identified a significant
overlap in the differentially m®A-methylated poly-A* RNAs as well as in the differential m®A
peaks (Extended Data Fig. Sa, b and Supplementary Table 4), including many known and novel
METTL3-specific m°A substrates (Fig. 3d and Extended Data Fig. 5¢). The substrate and peak
differences observed could be attributed to the more specific catalytic inhibition of METTL3
by STM2457 compared to prolonged METTL3 KD which potentially disrupts the overall m°A
methyltransferase complex'”. m®A-meRIP and gPCR validation revealed that treatment with
STM2457 leads to reduced m®A levels in METTL3-dependent core leukaemogenic m®A
substrates including HOXA10'® and MYC'", while no difference observed in METTL3-
independent m®A substrates (Extended Data Fig. 5d), thus validating the specificity of our m®A



145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

profiling. GO analysis of the differential m®A-meRIP candidates revealed enrichment of
pathways involved in chromatin modification, DNA damage and RNA splicing (Extended Data
Fig. 5e and Supplementary Table 5). These findings are consistent with a nuclear function for
METTL3 catalytic activity, bolstering the previously reported chromatin-based mechanism
required for AML cell survival®, and the connections of m°A with nuclear biological
processes>?22,

We and others have shown that genetic inhibition of METTL3 and METTLI14 leads to mRNA
translational defects and ribosomal stalling®’-!>?3, We therefore examined whether isolated
catalytic inhibition of METTL3 causes similar translational defects. Polysome profiling
revealed loss of high polysome fractions following treatment with STM2457 in MOLM-13
cells (Fig. 3e). Validation of the polysome fractions using qPCR indicated a significant
reduction of known METTL3-dependent substrates in the high molecular weight fractions and
an increase in the lower, suggesting ribosomal stalling (Fig. 3f). In contrast, a METTL3-
independent mSA substrate, DICER], remained unaffected by the treatment with STM2457
(Fig. 3f). Crucially, the overall RNA expression levels of the METTL3 biomarkers BRD4 and
SP1 showed no alterations (Fig. 3g), while protein levels were greatly reduced (Fig. 2g),
verifying that the effects on mRNA are at the translational and not at the transcriptional level.
Furthermore, treatment with STM2457 maintained the expression levels of METTL3 or
DICERI (Extended Data Fig. 5f) as well as the protein levels of METTL3, METTL14, DDX3X
and DICER1 (Extended Data Fig. 5g) further suggesting that the impact on mRNA translation
is not global but rather specific. Altogether, this mechanistic analysis illustrates that catalytic
inhibition of METTL3 causes gene expression defects consistent with an effect on the mRNA
translational efficiency of m°A substrates.

In vivo efficacy of STM2457

Following the positive evidence for strong pharmacological inhibition of METTLS3 in vitro, we
performed in vivo studies using clinically relevant AML models. Initially, we utilised 3 human
AML patient derived xenografts (PDX) of different genotypes. Daily treatment with STM2457
led to impairment of engraftment and AML expansion in vivo and significantly prolonged the
mouse lifespan (Fig. 4a-d and Extended Data Fig. 6a-e) with no overt toxicity or effect on
mouse body weight (Extended Data Fig. 6f). The anti-leukaemic effect was also confirmed by
the reduction of human CD45* cells in bone marrow and spleen following treatment (Fig. 4e).
Effective METTLS3 target inhibition by STM2457 in vivo was demonstrated by the selective
reduction of key METTL3 m°A substrates at the protein level while METTL3 levels remained
unchanged (Extended Data Fig. 6g). Additionally, total m®A levels on poly-A*-enriched RNA
were significantly reduced following treatment with STM2457 (Extended Data Fig. 6h). In
parallel with the PDX models, we used a primary murine MLL-AF9/FIt3"¥* in vivo model with
similar anti-leukaemic observations regarding reduction in the engrafted AML cells, reduction
in spleen size, selective reduction of METTL3 biomarkers as well as reduction of m®A on poly-
A*-enriched RNA (Extended Data Fig. 7a-d).

Having established the significant anti-leukaemic effect of STM2457 in vivo, we went on to
investigate the effect of pharmacological inhibition of METTL3 at the core leukaemia stem
cell level. Previous studies have shown that CD93*2* and L-GMP?® subpopulations are directly
connected to generation and maintenance of primary murine and human patient AMLs driven
by MLL rearrangement. Interestingly, we observed that the CD93* and L-GMP populations
were significantly reduced following treatment with STM2457, revealing a strong dependency
on the catalytic function of METTL3 (Fig. 4f and Extended Data Fig. 7e, f). Furthermore,
CD48" intensity was increased upon treatment with STM2457 (Extended Data Fig. 7g), thus
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revealing loss of self-renewal at the leukaemia stem cell level, in concordance with our in vitro
and ex vivo observations. To show that METTL3 inhibition results in functional impairment of
leukemic stem cells, we performed re-transplantation experiments using murine or patient-
derived AML cells from primary transplants treated with vehicle or STM2457. We observed a
significant lifespan prolongation and a marked decrease in the presence of AML cells in
peripheral blood, exclusively upon initial treatment with STM2457 (Fig. 4g, h and Extended
Data Fig. 7h, 1). In summary, the pharmacological inhibition of METTLS3 in vivo impairs AML
expansion by affecting the AML stem cell/leukaemia-propagating compartment.

Finally, we evaluated the potential toxicity of the established anti-leukaemic dose of STM2457
in vivo. No significant changes were observed in the numbers of bone marrow-derived
hematopoietic stem cells (HSCs) and early progenitors (Lin—, Scal+, Kit+), peripheral blood
counts or mouse body weight (Extended Data Fig. 8a-e). We also confirmed effective catalytic
inhibition of METTL3 as the m°®A levels on poly-A*-enriched RNA were significantly reduced
after treatment with STM2457 (Extended Data Fig. 8f). These data suggest that small molecule
inhibition of METTLS3 is detrimental for the maintenance of AML, but has no significant or
lasting impact on normal haematopoiesis.

Here we present the characterisation of STM2457, the first bioavailable inhibitor of the mlA
writer METTL3. Critically, we show that catalytic inhibition of METTL3 via STM?2457 targets
key stem cell populations of AML which reverses the AML phenotype, preventing or
prolonging the development of AML in re-transplantation experiments. Hence, our findings
present a promising targeting strategy of the leukemic stem cell subpopulation responsible for
AML persistence/recurrence and provide a rationale for future investigations of combined
pharmacological inhibition of METTL3 with mainstream anti-AML therapies?®?’. Overall, our
efforts further highlight the impact of m°A hijacking on the AML status, as previously
shown®7283% To our knowledge, this is the first study demonstrating in vivo activity and
therapeutic efficacy of inhibitors of an RNA methyltransferase against cancer.
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Methods

METTL3/14 RF/MS methyltransferase assay

The enzymatic assay was established to determine ICso values for the inhibition of RNA
methyltransferase activity. The enzyme used was full-length his-tagged METTL3 co-expressed
with full length FLAG-tagged METTL14 in a baculovirus expression system. The enzyme
complex was purified using standard affinity chromatography. Enzymatic reactions were
performed at room temperature in 384-well plates using a final reaction volume of 20 pL
containing 20 mM TrisCI pH 7.6, 1 mM DTT, 0.01% Tween-20. 5 nM final concentration of
METTL3/14 was pre-incubated with various compound concentrations for 10 minutes,
followed by addition of 0.2 uM final concentration synthetic RNA substrate (5°P-
uacacucgaucuggacuaaagcugeuc-3’) and 0.5 uM final concentration S-adenosyl methionine
(SAM). The reaction was incubated for further 60 minutes at room temperature, and then
quenched by the addition of 40 pL 7.5% TCA with internal standard. After termination, plates
were sealed, centrifuged and stored at 4°C until analysis.

METTL3 activity was assessed using the RapidFire™ mass spectrometry (RF/MS) platform to
measure the S-adenosyl homocysteine (SAH) product. Stopped and stable assay plates were
analyzed on the Agilent RF300 integrated autosampler/solid-phase extraction (SPE) system
coupled to an ABSciex 4000 mass spectrometer for the quantification of the SAH and
normalized to the ratio of signal of two internal standards. The mass transition for the product
(SAH) was 384.9/135.9 Da. Transitions of the internal standard were used for normalization
of matrix effects.

Compound ICso values were calculated by measuring enzyme activity over a dilution series of
inhibitor concentrations. Percent inhibition was normalized to control wells without RNA
substrate and without inhibition (DMSO only). Data were evaluated using a four-parameter
logistic equation in GraphPad Prism (Version 9).

X-ray crystallography: Cloning, protein expression and purification
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Production of METTL3-14 truncated protein complex for crystallography has been based on
previously published data’!. Untagged METTL3 (354-580) and His-tagged METTL14 (107-
395) were synthetically cloned into the vector pTrilJ-HV (Evotec). Recombinant virus was
produced for each protein and BIICs generated and stored at -80°C. For expression, Sf21 cells
grown in Sf900II SFM media plus 5 pg/ml gentamicin were infected with both, METTL3 and
METTL14 P2 BIICs at an MOI of 1 (0.5 + 0.5). The infected culture was incubated for 72h at
27°C with shaking at 110 rpm, before harvesting by centrifugation and storing at -80°C.
Thawed cells were lysed in 20 mM Tris pH 8.0, 200 mM KCl, 10% glycerol, 0.4% Triton-X
100 and 5 mM imidazole supplemented with Complete EDTA-free protease inhibitor tablets
(Roche) and 10 u/ml Benzonase. Samples were homogenised for 20-30 s with an IKA Ultra-
Turrax and sonicated in a Branson probe sonicator (cycles of 30s on, 30s off for 4 minutes at
40% amplitude). Sample was centrifuged at 45,000 rpm for 45 min to remove insoluble
material and loaded on 5 ml HisTrap FF column, washed with 20 mM Tris pH 8.0, 200 mM
KClI, 10% glycerol, 20 mM imidazole and eluted with 0-100% gradient of 20 mM Tris pH 8.0,
200 mM KCl, 10% glycerol, 300 mM imidazole over 20 CV. TEV cleavage was carried out
with dialysis o/n at 4°C (20 mM Tris pH 8.0, 200 mM KClI, 10% glycerol, 5 mM imidazole),
at TEV ratio 1:50; in the presence of 3 mM reduced/oxidised glutathione mixture. This was
followed by subtractive affinity chromatography using 1 ml HisTrap FF and size-exclusion on
a 16/60 S200 column (20 mM Tris pH 8.0, 200 mM KCI). Purified protein complex was
concentrated to 11 mg/ml and snap-frozen in liquid nitrogen for storage at -80°C.

X-ray crystallography: Crystallisation and soaking

Protein complex was diluted two-fold with 200 mM KCI and after centrifugation, mixed at 1:1
ratio with 200 mM Mg acetate and 20% w/v PEG3350. Crystals grew after several days at RT
in both, hanging and sitting drops, and contained SAH carried over from insect cells. Seeding
was used to improve crystals reproducibility. To replace SAH with STM2457, crystals were
transferred into reservoir solution with 5 mM compound (5% DMSO) for incubation o/n at RT.
This was followed by transfer into a fresh drop of soaking solution for another 6 h and
subsequent cryo-protection in soaking solution supplemented with 15% glycerol before flash-
freezing.

X-ray crystallography: Data collection and structure determination

Data was collected to 3 A at Diamond Light Source 104-1 beamline and processed using
Aimless*. PDB 5L6D was used as Phaser®* molecular replacement model. Iterative cycles of
refinement using REFMAC5** and model building using Coot (v10.11.4)* were performed.
STM?2457 was fitted and restraints created using SMILES string and AFITT®®. Final structure
statistics can be found in Supplementary Table 7, 2% of residues are Ramachandran outliers.
The structure was deposited with PDB access code 7021.

STM2457 selectivity profiling

The selectivity profile of STM2457 was assessed by testing the level of inhibition in a panel of
methyltransferases and kinases. Inhibition of 4 RNA methyltransferases was tested at Evotec
AG, Hamburg using RFMS assays equivalent to the METTL3 assay described above. The 1Cs
was determined from a dilution series of STM2457 with a top concentration of 120 uM and
the degree of inhibition at 10uM compound was inferred from this. Additionally, the level of
inhibition of a panel of 41 DNA and protein methyltransferases was assessed in a radiometric
assay measuring substrate methylation using tritiated SAM by Reaction Biology (Malvern, PA)
at 10 uM STM2457 in duplicate. Data were plotted using GraphPad Prism (Version 9).
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Selectivity testing against 489 kinases was carried out using a binding assay by KINOMEscan,
DiscoverX (Eurofins) at 10 uM STM2457 in duplicate.

METTL3 cellular target engagement

Cellular target engagement of STM2457 was measured by thermal shift using the InCell Pulse
Assay (DiscoverX). HeLa cells were transfected with pICP-hMETTL3-eLLP (human METTL3
Metl-Leu580) or pICP-mMETTL3-eLP (mouse METTL3 Metl-Leu580), using Fugene HD
(Promega, #E2311) following the supplier’s protocol. 24 hours post transfection, cells were
frozen and stored in liquid nitrogen until the day of the assay. On the day of the assay 100 nL
compound dilutions (11 point 3-fold dilutions, top concentration in assay: 25 uM) were spotted
into the assay plate (Greiner Dilution, 384-well, PP, transparent, #784201). The transfected
cells were thawed in a water bath at 37°C and cryoprotectant was exchanged with Opti-MEM
lacking phenol red (Gibco, Cat #11058-021). 20 uL of the cell suspension was added to each
well of the assay plate to give a final cell number of 1360 cells/well. Plates were sealed with
aluminium foil and incubated for 1 hour at 37°C. Afterwards, plates were incubated for 15
minutes upside down in a water bath at 45°C, further incubated for 10 minutes at room
temperature, and finally centrifuged briefly to gather the liquid in the bottom of each well.
Subsequently, 25 uL of detection solution (InCELL Hunter Detection Kit, DiscoverX, #96-
0079L; working solution: 16.7 v/v EA reagent, 16.7 v/v lysis buffer and 66.7% substrate
reagent) was added to each well and the solution was transferred to the measurement plate
(Corning, 384-well, PS, black, Flat Bottom, #3575). The plate was sealed with aluminium foil
and incubated at room temperature and slow shaking for 30 minutes. Finally, the assay plate
was centrifuged for 1 minute at 100 x g and room temperature and luminescence was measured
using an EnVision multimode plate reader (Perkin Elmer). Dose response curves were obtained
from three biological replicates. All data in this section were plotted using GraphPad Prism
(Version 9).

Cell culture

MOLM-13, THP-1, NOMO-1, EOL-1, KASUMI-1 and HL-60 were cultured in RPMI-1640
(Invitrogen)  supplemented with 10% FBS (Life Technologies) and 1%
penicillin/streptomycin/glutamine. OCI-AML?2 and OCI-AML3 were cultured in alpha-MEM
(Lonza) supplemented  with  20% FBS  (Life  Technologies) and 1%
penicillin/streptomycin/glutamine. HPC-7 was cultured in IMDM (Invitrogen) supplemented
with 10% FBS, 100ng ml-1 SCF (Peprotech), 7.48 x 10-5 M 1-thioglycerol (Sigma), 1%
penicillin/streptomycin/glutamine. 32D was cultured in RPMI (Invitrogen) supplemented with
10% FBS, 10 ng ml-1 IL-3 (Peprotech) and 1% penicillin/streptomycin/glutamine. 293T were
cultured in DMEM (Invitrogen) supplemented with 10% FBS (Life Technologies) and 1%
penicillin/streptomycin/glutamine. HeLa cells were cultured in MEM Eagle culture medium
(10% FBS, 2 mM L-Glutamine, 1% NEAA) at 37°C and 5% CO2. All cancer cell lines were
obtained from the Sanger Institute Cancer Cell Collection and negative for mycoplasma
contamination. Human cell lines employed are not listed in the cross-contaminated or
misidentified cell lines database curated by the International Cell Line Authentication
Committee (ICLAC).

Isolation of haematopoietic progenitors

Flt3"™* mice’” were kindly provided by Gary Gilliland and crossed with Rosa26““”* mice.
Freshly isolated bone marrow from 6- to 10-week-old female Rosa26°“”*, Fit3'™P*;
Rosa26°“”* or moribund Npm 1/0*<4* - Fl31T0/+ - Npm 104+ . Nras®'?P™* mice were used.

Bone marrow cells were exposed to erythrocyte lysis (BD PharmLyse, BD Bioscience),
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followed by magnetic bead selection of Lin™ cells using the Lineage Cell Depletion Kit
(Miltenyi Biotec) according to the manufacturer’s instructions. Lin” were cultured in X-VIVO
20 (Lonza) supplemented with 5% FBS (Life Technologies) 10ng ml ™! IL3 (Peprotech), 10ng
ml! IL6 (Peprotech) and 50ng ml™! of SCF (Peprotech). Retrovirus constructs pMSCV-MLL-
AF9-IRES-YFP and pMSCV-MLL-ENL-IRES-Neo were used with package plasmid psi-Eco
to produce retrovirus. 293T cells (Life Technologies) were cultured and prepared for
transduction in 10 cm plates. For virus production, 5 pug of the above plasmids and 5 pg psi-
Eco packaging vector were transfected drop wise into the 293T cells using 47.5 pl TransIT
LT1 (Mirus) and 600 pl Opti-MEM (Invitrogen). The resulting viral supernatant was harvested
as previously described. Transduction of primary mouse cells was performed in 6-well plates
as mentioned above. After transduction, transduced cells were sorted for YFP (for MLL-AF9)
or selected with neomycin (for MLL-ENL).

For in vivo experiments related to Extended Data 8, 6 to 10-week-old female Rosa26“%”* mice
were treated daily for two weeks with either vehicle or 50 mg/kg STM2457 (STORM). Four
weeks post-treatment, bone marrow cells from these mice was freshly dissected (as mentioned
above) and blocked with anti-mouse CD16/32 (BD Pharmigen, cat. no. 553142) and 10%
mouse serum (Sigma). For the identification of LK/LSK and LT-HSC staining was performed
using CD4 PE/Cy5 (Biolegend, cat. no. 100514), CD5 PE/CyS5 (Biolegend, cat. no. 100610),
CD8a PE/Cy5 (Biolegend, cat. no. 100710), CD11b PE/Cy5 (Biolegend, cat. no. 101210),
B220 PE/Cy5 (Biolegend, cat. no. 103210), TER-119 PE/Cy5 (Biolegend, cat. no. 116210),
GR-1 PE/Cy5 (Biolegend, cat. no. 108410), SCA-1 Pacific Blue (Biolegend, cat. no. 122520),
CD150 PE/Cy7 (Biolegend, cat. no. 115913), CD34 FITC (BD Pharmigen, cat. no. 553733)
and CD117 APC-eFluor780 (eBioscience, cat. no. 47-1171). In each of the multi-colour flow
cytometry experiments we included the fluorescence minus one (FMO) controls. FMO controls
provides a measure of spillover in a given channel. This allows for correct gating and selection
of only the stained cells in the experimental sample. Flow cytometry analysis was performed
using a LSRFortessa instrument (BD) and resulting data were subsequently analyzed using
FlowJo (v10, BD).

For blood counts, 20 ul of blood was collected from the tail-vein of the mice using a capillary
pipette containing anticoagulants (EDTA). The EDTA anti-coagulated blood samples were
used to obtain a complete blood count with a Hemavet Mascot Multispecies Hematology
System Counter 1500R (CDC Technologies, Inc., Oxford, CT). Samples were counted no
longer than five minutes after blood was drawn.

For re-plating assays using the STM2457 inhibitor, 10,000 lineage negative cells and primary
murine AML cells were plated in three wells of 6-well-plate of M3434 methylcellulose (Stem
Cell Technologies) in the presence of 1uM STM2457. The colonies were counted 7 days later
and further 10,000 cells re-seeded and re-counted after a week until the 3rd replating. All data
in this section were plotted using GraphPad Prism (version 9).

Flow cytometry analyses of AML cells

Cells were treated with vehicle (DMSO) or STM2457 and stained at the indicated timepoints
with anti-mouse CD11b PE/Cy5 (Biolegend, cat. no. 101210) and anti-human CD11b PE
(eBiosciences, cat. no. 9012-0118). Data were analyzed using LSRFortessa (BD) and FlowJo
(v10, BD).

Apoptosis levels were measured in human and/or mouse AML cells treated with vehicle
(DMSO) or STM2457 at indicated timepoints, using Annexin V (Life Technologies, cat. no.
V13242). Data were analyzed by using LSRFortessa (BD) instruments.

Cell cycle levels were measured in human and/or mouse AML cells treated with vehicle
(DMSO) or STM2457 at indicated timepoints, by using bromodeoxyuridine (BrdU) using the
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FITC BrdU Flow Kit (BD Pharmingen, 559619) or the APC BrdU Flow Kit (BD Pharmigen,
51-9000019AK). Data were analyzed by using LSRFortessa (BD) instruments.

For PDX experiments related to Figure 4 and Extended Data 6, 6- to 10-week-old NSG female
mice were injected with 10° patient-derived AML cells by intravenous injection. For primary
transplants, indicated doses of STM2457 or vehicle were delivered to the mice via
intraperitoneal injection (IP) on day 5 (PDX-2) or day 10 post-transplant (PDX1,3), once daily
for total 12 or 14 days (12-14 treatments). Then bone marrow and spleen cells from these mice
were freshly dissected (as mentioned above) and flow-cytometry analysis was performed after
staining with Alexa Fluor® 700 CD45 (Biolegend, cat. no. 368513), PE CD93 (eBioscience™,
cat. no. 12093841), PerCP/Cyanine5.5 CD33 (Biolegend, cat. no. 303414), APC CD34 Clone
8G12 (Biolegend, cat. no. 345804), APC/Cyanine7 CD38 (Biolegend, cat. no. 303533), Biotin
anti-human CD19 (Biolegend, cat. no. 302203), Biotin anti-human CD3 (Biolegend, cat. no.
300403), Brilliant Violet 605™ CD123 (Biolegend, cat. no. 306025), Brilliant Violet 421™
CD45RA (Biolegend, cat. no. 304129), PE/Cy7 CD90 (Biolegend, cat. no. 328123) and
streptavidin SA BV510 (Biolegend, cat. no. 405233).

For primary and secondary transplantation experiments using primary murine MLL-
AF9/FIt3"™*  6- to 10-week-old NSG female mice were injected with 10 AML cells by
intravenous injection. For primary transplants, indicated doses of STM2457 or vehicle were
delivered to the mice via intraperitoneal injection (IP) on day 7 post-transplant, once daily for
total 10 days. Then bone marrow cells from these mice was freshly dissected (as mentioned
above) and blocked with anti-mouse CD16/32 (BD Pharmigen, cat. no. 101323) and 10%
mouse serum (Sigma). For the identification of L-GMP and CD93 populations, staining was
performed using Brilliant Violet 711 CD11b (Biolegend, cat. no. 101241), Brilliant Violet 605
Grl5 (Biolegend, cat. no. 108439), APC-CD48 (Biolegend, cat. no. 103411), APC-eFluor 780
CDI117 (eBioscience™ cat. no. 47117182), Biotin Ly-6A/E (Sca-1) (Biolegend, cat. no.
108103), Biotin anti-mouse CD127 (IL-7Ra) (Biolegend, cat. no. 135005), Biotin Cd3, B220,
Ter119 (Biolegend, cat. no. 559971) and PE CD93 (Biolegend, cat. no. 136503). In each of the
multi-colour flow cytometry experiments we included the fluorescence minus one (FMO)
controls. FMO controls provide a measure of spillover in a given channel. This allows for
correct gating and select only the stained cells in the experimental sample. Flow cytometry
analysis was performed using a LSRFortessa instrument (BD) and resulting data were
subsequently analyzed using FlowJo (v10, BD). All data in this section were plotted using
GraphPad Prism (Version 9).

Adult primary leukemia and cord blood sample drug and proliferation assays

All cord blood samples were obtained with informed consent (REC 07-MRE05-44) under the
approval of East of England - Cambridge South Research Ethics Committee. Cord-blood-
derived CD34+ cells were tested for colony-forming efficiency in StemMACS HSC-CFU
semi-solid medium (Miltenyi Biotec) in the presence of the indicated concentration of
STM2457 or DMSO. Colonies were counted by microscopy 12—-14 days (CD34+ cells) after
plating. All data in this section were plotted using GraphPad Prism (Version 9).

Western blot analysis

Cells were treated with Vehicle (DMSO) or the indicated concentrations of STM2457 and after
72 hours cell pellets resuspended in whole cell lysis buffer (50 mM Tris-HCI pH=8, 450 mM
NaCl, 0.1% NP-40, ImM EDTA), supplemented with 1 mM DTT, protease inhibitors (Sigma),
and phosphatase inhibitors (Sigma). Protein concentrations were assessed by Bradford assay
(Bio-Rad) and an equal amount of protein was loaded per track. Prior to loading, the samples
were supplemented with SDS-PAGE sample buffer and DTT was added to each sample. 10-
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40 ng of protein was separated on SDS-PAGE gels, and blotted onto polyvinylidene difluoride
membranes (Millipore).

Drug and Proliferation Assays

All suspension cells were plated in 96-well plates in triplicate at 5,000—10,000 cells per well
and treated for 72 hours with vehicle or the indicated concentrations of STM?2457 and
STM2120 (0.04-50 uM). On day 4, an equal volume for all wells was split using fresh media
and compound, such that the resulting cell density in each well matched the initial seeding
density. Plates were measured on day 6 using CellTiter 96 AQueous Non-Radioactive Cell
Proliferation Assay (Promega) in order to calculate the relative cell proliferation. All the
compounds were dissolved in DMSO.

For the rescue experiments, cDNA was obtained by reverse transcription of MOLM13 cell
RNA with Supercript III (ThermoFisher Scientific), then the SP1 full-length coding sequence
was amplified by PCR and cloned into pHIV-ZsGreen plasmid (Addgene 18121) by Gibson
assembly (Gibson Assembly Cloning Kit, NEB), using the Hpal site. MOLMI13 cells were
transduced with the SP1 or empty lentiviral vectors, then GFP+ cells were isolated by flow
cytometry sorting after 4 days and employed in proliferation and western blot assays as
descripted above. All data in this section were plotted using GraphPad Prism (Version 9).

Antibodies

Western blot experiments were performed using the following antibodies: anti-METTL3 from
Bethyl Laboratories (A301-568A), anti-METTL14 from Abcam (ab98166), anti-DICER1 from
Abcam (ab14601), anti-DDX3X from Abcam (ab128206), anti-ACTIN from Abcam (ab8227),
anti-BRD4 (N-term) from Abcam (ab128874), anti-BRD4 (C-term) from Bethyl Laboratories
(A301-985A), anti-BCL2 from Abcam (ab32124), anti-SP1 from Merck (07-645), anti-
HNRNPL from Abcam (ab6106), anti-c-MYC from Santa Cruz Biotechnology (sc5605) and
anti-GAPDH from Santa Cruz Biotechnology (sc47724) and Goat anti-Rabbit from Cell
Signaling Technology (7074S). HRP activity was revealed using the SuperSignal™ West Pico
Plus kit (ThermoScientific, 34580). For the m°A-RIP experiments the following antibodies
were used: anti-N6-methyladenosine antibody (m°A), clone 17-3-4-1 from Merck (MABE
1006) and IgG Isotype Control from Merck (NI03).

Generation and bioluminescent imaging of primary murine and PDX models

Generation of AML PDX models and lentiviral transduction for transgenic expression of
enhanced firefly luciferase was performed as described in detail by Vick, et al. 3. For primary
and secondary transplantation experiments using primary murine MLL-AF9/FIt3'™"*, 6- to 10-
week-old NSG female mice were injected with 10° AML cells by intravenous injection.
Indicated doses of STM2457 or vehicle were delivered to the mice via intraperitoneal injection
(IP) on day 10 post-transplant, once daily for total two weeks (14 treatments). STM2457 was
dissolved in 20%(w/v) 2-hydroxyproply beta-cyclodextrin vehicle (Sigma, H107). At day 10
post-transplant, the tumor burdens of the animals were detected using IVIS Lumina II (Caliper)
with Living Image version 4.3.1 software (PerkinElmer). Briefly, 100 ul of 30 mg/ml D-
luciferin (BioVision) was injected into the animals intraperitoneally. Ten min after injection,
the animals were maintained in general anesthesia by isoflurane and put into the IVIS chamber
for imaging. The detected tumor burdens were measured and quantified by the same software.
Diseased mice were assessed blindly by qualified animal technicians from the Sanger mouse
facility. Mice were housed in specific pathogen-free conditions in the Wellcome Sanger
Institute animal facilities. All cages were on a 12:12-h light:dark cycle (lights on, 07:30) in a
temperature-controlled and humidity-controlled room. Room temperature was maintained at
72 + 2 °F (22.2 £ 1.1 °C), and room humidity was maintained at 30-70%. The animals were
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culled when the tumor burden was 10° photons per second or higher. All animal studies were
carried out in accordance with the Animals (Scientific Procedures) Act 1986, UK and approved
by the Ethics Committee at the Sanger Institute. Randomization and blinding were not applied.
All data in this section were plotted using GraphPad Prism (Version 9).

STM2457 pharmacokinetic analysis

Three C57BL6/J mice were given IP injections of 30 mg/kg STM2457 and sampled serially up
to 24 hours after dosing. Blood was collected from the tail vein at the indicated timepoints.
Plasma was isolated by centrifugation, and 20 uL of plasma or blood was mixed with a
precipitant solution of 120 uL acetonitrile and internal standard. Supernatant from this
precipitation was diluted 1:1 v/v in water and 2.5 uL injections were characterised by LC-MS
on a TSQ triple quadrupole mass spectrometer attached to an Accela pump (Thermo) and an
HTS-CTC PAL autosampler. STM2457 was resolved on Hypersil Gold C18 solid phase (30 X
2.1 mm, 1.9 pm particles, Thermo) with an increasing gradient of 5-95% B over 30 seconds.
Mobile phases consisted of 0.1% formic acid in water (A) and acetonitrile (B) and the flow
was held at 1.0 ml/min. Blood to plasma ratio was determined using results from the
appropriate samples, and the LLOQ was set at 10 ng/ml. All data in this section were plotted
using GraphPad Prism (Version 9).

RNA nucleoside quantification by mass spectrometry

For Figures 1g-h and Extended Data 2c, MOLM-13 cells were grown in RPMI-1640
supplemented with 10% fetal bovine serum and maintained in culture between 0.3 and 1.5 x
10° cells/ml. Cells were treated with Vehicle (DMSO) or 1 uM STM2457 for the timepoints
indicated (24 hours for 1G and 1H, 48 hours for S1C). For animal experiments related to
Extended Data 6 and 7, 6- to 10-week-old NSG female mice were injected with 1 x 10° patient-
derived AML cells by intravenous injection. Indicated doses of STM2457 or vehicle were
delivered to the mice via IP on day 5 (PDX-2) or 8 post-transplantation (PDX1,3), once daily
for total 12 or 14 days, respectively. Then, whole bone marrow from these mice was dissected
and AML cells were purified using flow sorting (hCD45 or YFP). For in vivo experiments
related to Extended Data 8, 6 to 10-week-old female Rosa26“*”* mice were treated daily for
two weeks with either vehicle or 50 mg/kg STM2457 (STORM) and whole bone marrow from
these mice was dissected. Subsequent total RNA extraction from cells of all origins was
performed using the RNeasy Mini Kit (Qiagen) and polyA+ RNA was purified using a
Dynabeads mRNA purification kit (Invitrogen), in both cases following the manufacturer’s
recommendations. Nucleosides were prepared from all poly A+ RNA by addition of nuclease
digest mix. Each 100 uL volume contained 62.5 units of Benzonase (Sigma Aldrich), 5 units
of Antarctic Phosphatase (NEB) and 10 mU/uL of Phosphodiesterase I (PDEI) from Crotalus
adamanteus venom (Sigma Aldrich) made up in a buffer composed of 20 mM Tris-HCl (pH
8), 20 mM MgCl12 and 100 mM NaCl. Nucleosides were liberated by digestion at 37°C
overnight. The following morning the sample was cooled to room temperature and 100 pl of
ice cold 2x Mass Spec buffer was added (0.1% formic acid containing internal standard).

In all cases, nucleosides were quantified by LC-MS using a Sciex 4500 triple quadrupole mass
spectrometer attached to either a U3000 or 1290 liquid chromatograph (Thermo Scientific or
Agilent, respectively). Nucleosides were separated across a HSS T3 column (2mm x 10mm
with 1.8 um particles, Waters) using an increasing gradient of 2-15% mobile phase B. The
mobile phases were 0.1% v/v formic acid in water or acetonitrile for mobile phase A and B,
respectively, and the flow was held at 300 uL/min. Nucleoside concentrations were
extrapolated from a concentration curve of external standards and expressed as modified
nucleoside relative to the total amount of canonical nucleosides. All data in this section were
plotted using GraphPad Prism (Version 9).
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Polysome fractionation

5 x 10 MOLM-13 cells treated with vehicle (DMSO) or 1uM STM2457 for 72 hours and then
further treated with 0.1 mg ml ™! cycloheximide for 5 min at 37°C. Then they were lysed and
polysomes were fractionated on a sucrose gradient as previously described®”. Relative RNA
abundance in each fraction was then quantified by RT-qPCR. All data in this section were
plotted using GraphPad Prism (Version 9).

Quantitative RT-PCR

Total RNA or RNA isolated from the polysome fractions or the m®A immunoprecipitation
assays was isolated from MOLM-13 cells using the RNeasy Mini Kit (Qiagen). For cDNA
synthesis, total RNA was reverse-transcribed with the SuperScript VILO cDNA Synthesis kit
(Life Technologies). The levels of specific RNAs was measured using the Step One Plus real-
time PCR machine (Applied Biosciences) and the Fast SYBRGreen PCR mastermix (Applied
Biosciences) according to the manufacturer’s instructions. For experiments related to Figure
3f-g and Extended Data 5f, the BRD4, SPI, DICERI and METTL3 mRNA levels were
normalized to, the housekeeping gene, GAPDH. For experiments related to Extended Data 5f,
the BRD4, SP1, BCL2, HOXA10, ARPC5 and DDX3X mRNA levels were normalized were
normalized to IgG control groups. All samples, including the template controls, were assayed
in triplicates. The relative quantification of target gene expression was performed with the
standard curve or comparative cycle threshold (Ct) method. The primer sequences are listed in
the Supplementary Table 6. All data in this section were plotted using GraphPad Prism
(Version 9).

m%A RNA immunoprecipitation and sequencing

Total RNA was isolated from MOLM-13 cells treated with vehicle (DMSO) or 1 uM STM2457
or 48 hours using the RNAeasy midi kit (Qiagen). Successively polyA+ RNA was purified
from 300 pg total RNA using Dynabeads mRNA purification kit (Invitrogen). 500 ng of
polyA+ purified RNA was used for each immunoprecipitation reaction. m°A RNA
immunoprecipitation was performed using the Magna MeRIP m°A kit (Millipore) according
to the manufacturer’s instructions.

Single-end 50-bp stranded libraries and sequenced using HiSeq 2500. Multiplexed reads were
split on the basis of their barcodes using Illumina Basespace. Reads were trimmed to remove
the  TruSeq  adaptor using  trim_galore = with  parameters ‘“q 0 -a
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC—phred33—fastqc’.

Read quality was assessed using FastQC (v11.8)*° To control for ribosomal contamination,
reads were first mapped to hg38 rDNA sequences using bwa (v7.17) (default parameters) and
reads that matched were removed from downstream analyses. The remaining read data were
filtered for PCR duplicates using SAMtools (v1.10)*'.

Filtered non-ribosomal reads were next mapped to the hg38 genome using hisat2 (v2.1) with
default parameters*>. Mapped reads were filtered to remove those mapping to more than one
unique genomic locus (multihits) by keeping only reads with flag NH:i:1 in the output bam file
from hisat2 (v2.1). Reads were further filtered to remove the ones with mapping quality less
than 20 using SAMtools (v1.10). Genome coverage bedgraph files were generated using
genomeCoverageBed from the BEDTools (v2.27.1) suite of tools*. Coverage files were
converted to bigwig format using bedGraphToBigWig (v377). Statistical analysis and results
of differentially methylated peaks in vehicle- and STM2457-treated cells was performed using
the R package MeTDiff (v1.0)** and the GENCODE human gene annotation GRCh38 v97
from Ensembl and are provided in Supplemental Table 3. Metagene plots were generated using
the R/Bioconductor package Guitar (v2.2.0)*. Peak and RNA overlaps illustrated in Extended
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Data Fig. 5A, B are presented in Supplemental Table 4 and the relevant data from MOLM13
with METTL3 knockdown were derived from previously published study®. The m°A peaks
were analysed for enrichment of known and de novo motifs using the software HOMER
(v4.10)*. Genes that showed significant differential m®A were further tested for Gene
Ontology (GO) enrichment of known Biological Processes (BP) using the R/Bioconductor
package clusterProfiler (v3.14.3)*”. Functional enrichment results are provided in
Supplemental Table 5.

RNA sequencing

Input samples from the m®A RNA immunoprecipitation experiments were used to characterize
the transcriptional profiles of vehicle versus STM2457-treated cells. The RNA-seq analysis of
the input samples (vehicle n=2, STM2457 n=2) was performed using the nf-core/rnaseq
bioinformatics pipeline (workflow container 1.4.2) under default parameters with hisat2 as the
specified aligner®s. Differential gene expression analysis was conducted using the
R/Bioconductor package DESeq2 (v1.26.0)*. Genes showing an absolute log-fold change
greater than one (Jlog2FoldChange | > 0.5) at an adjusted p-value for False Discovery Rate
(FDR) less than 0.05 (padj < 0.05) were defined as being differentially expressed between
vehicle and STM2457-treated cells. Results of the differential expression analyses between
these two conditions (padj < 0.05) are given in Supplemental Table 1. Functional profiling of
the differentially expressed genes was performed using over-representation and Gene Set
Enrichment Analyses (GSEA) of GO terms (Domain: Biological Process) and annotated gene
sets available in the Molecular Signatures Database (MSigDB), as implemented in the
R/Bioconductor package clusterProfiler (v3.14.3)*’. Functional enrichment results for the
down-regulated genes (log2FoldChange < 0.7, padj < 0.05) are given in Supplemental Table
2.

Statistical analysis

Statistical analyses performed using two-tailed Student’s T-test, log-rank (Mantel-Cox) test
(for survival comparisons) and one-way Anova, all included in the figure legends. Results were
considered significant for a p-value (or adjusted p-value when multiple testing) below 0.05.
Statistical significance of the overlap between two groups of gene sets were computed using
Fisher’s exact test using the R/Bioconductor package GeneOverlap (v1.22)%.

Data accessibility

The datasets related to STM2457 used in this study can be accessed from ENA: PRJEB41662.
The previously published datasets from Barbieri et al can be accessed from the Gene
Expression Omnibus database with accession number GSE94613.

The STM2457 structure is deposited with PDB access code 7021. Additional details related to
the chemical characterisation of STM2457 could be found in the relevant published patent
(W02020201773) on WIPO.
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Fig.1: Characterisation of the RNA methyltransferase inhibitor STM2457.

a) Chemical structure of STM2457. b) Biochemical activity assay showing inhibition of the
METTL3/14 enzyme complex using a dose-range of STM2457 and STM2120. c¢) Surface
plasmon resonance (SPR) assay showing binding affinity of STM2457 to the METTL3/14
protein complex. d) SPR assay showing binding affinity to the METTL3/METTL14 protein
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complex is reduced in the presence of SAM, indicative of SAM-competitive binding. e)
STM?2457 inhibits METTL3/METTL14 selectively in a methyltransferase profiling panel of
45 RNA (red bars), DNA (green bars) and protein methyltransferases (grey bars) (red star
indicates <50% activity remaining) (n=2). f) Crystal structure of METTL3/METTL14
(carbon atoms in green) in complex with STM2457 (carbon atoms in cyan). Hydrogen bonds
(yellow dashed lines) and water molecules proximal to the inhibitor (red sphere) are shown
(PDB code 702I). g) Quantification of m°A levels on poly-A*-enriched RNA after 24 hours
of treatment of MOLM-13 with the indicated STM?2457 concentrations (mean +/- s.d., n=3).
ICs0, half maximum inhibitory concentration.

Fig.2: Pharmacological inhibition of METTL3 affects AML cells.

a) Dose-response curves of an AML cell line panel to STM2457 (mean +/- s.d., n=3). b) Colony
forming efficiency of primary murine MLL-AF9/FIt3"¥* and NPMI1c/FIt3"* AML cells
treated with vehicle or STM2457 (mean +/- s.d., n=3). Half maximum inhibitory concentration
(ICso) per cell line is illustrated in brackets. ¢) Colony forming efficiency of WT Lin™ cells
treated with vehicle or STM2457 (mean +/- s.d., n=3). d) CD11b and Macl levels of MOLM-
13 and MLL-AF9/FIt3"¥* primary murine cells, respectively, treated with vehicle or STM2457.
e) BrdU staining and cell cycle analysis in MOLM-13, HPC7 and MLL-AF9/FIit3"¥* primary
murine cells treated with vehicle or STM2457. f) Percentage of apoptotic cells in a human
AML cell line panel, following treatment with STM2457 at the indicated time-points (mean
+/- s.d., n=3). g) Western blot analysis of BRD4, c-MYC, SP1 and GAPDH in MOLM-13 cells
treated with the indicated doses of STM?2457 or vehicle (n=3). two-tailed Student’s t-test; *P
<0.01; **P <0.0001, n.s. not significant; WT, wild-type.

Fig.3: STM2457 reduces m°A levels and causes mRNA translation defects.

a) Genomic distribution of all m°A peaks called (left) and/or the genomic distribution of
downregulated m°A peaks (right) on poly-A*-enriched RNAs from STM2457-treated MOLM-
13 cells. b) The distribution of all (red) or down-regulated (light blue) m®A peaks of MOLM-
13 cells upon treatment with STM2457. c¢) Motif analysis of the sequences under depleted
peaks, following treatment with STM2457 (hypergeometric test). d) Genomic visualization of
the m®A-meRIP normalized signal for SP1, MYC and HOXA10 in MOLMI13 cells following
treatment with vehicle or STM2457. e) Polysome fractionation analysis in MOLM-13 cells
treated with vehicle or STM2457. Absorbance was continuously measured at 254 nm. f) RT-
gPCR quantification of SP/, BRD4 and DICERI mRNAs in each polysome fraction presented
as a percentage of total mRNA (mean +/- s.d., n=3). g) RT-qPCR quantification of SP/ and
BRD4 in total RNA samples isolated from MOLM-13 cells treated with vehicle or STM2457
(mean +/- s.d., n=3). UTR, untranslated region; CPG, CPG island; TSS, transcription start site;
CDS, coding sequence; nm, nanometres; MW, molecular weight; n.s., not significant; two-
tailed Student’s t-test; *P < 0.05.

Fig.4: STM2457 prevents AML expansion and reduces key leukaemia stem cells in vivo.
a) Bioluminescence imaging of AML PDX-1 (NPMIc) treated with vehicle or 50 mg/kg
STM2457 (n=5). b) Kaplan-Meier survival of AML PDX-1 (NPMIc) after treatment with
vehicle or 50 mg/kg STM2457 at indicated times (n=5). ¢) Bioluminescence imaging of AML
PDX-2 (MLL-AF6) treated with vehicle or 50 mg/kg STM2457 (n=5). d) Kaplan-Meier
survival of AML PDX-2 (MLL-AF6) after treatment with vehicle or 50 mg/kg STM2457 at
indicated times (n=5). e) Percentage of CD45" cells in live bone marrow and spleen after
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treatment with vehicle or 50 mg/kg STM2457 (n=5). f) Percentage of CD93* on CD38/CD34*
cells in bone marrow after treatment with vehicle or 50 mg/kg STM2457 (n=5). g) Kaplan-
Meier survival after re-transplantation of AML PDX-2 (MLL-AF6) which was treated with
vehicle or 50 mg/kg STM?2457 at indicated times (n=5). Treatment (in red) and non-dashed
lines in red or black refer to the primary transplantation illustrated in Fig. 4d. h) Percentage of
human CD45* cells in peripheral blood after re-transplantation of AML PDX-2 (MLL-AF6)
(n=5). Related to Fig. 4g. PBC, peripheral blood count; d, day; two-tailed Student’s t-test; Log-
rank (Mantel-Cox) test was used for survival comparisons.

Extended Data Figure. 1

STM2457 is a specific small molecule inhibitor of METTL3 with no evidence of off-
target effects.

a) Chemical structures of STM1760 and STM2120. b) Biochemical activity assay showing
inhibition of the METTL3/METTL14 enzyme complex using a dose-range of STM1760. c)
Surface plasmon resonance (SPR) sensorgram showing the binding of STM2457 to the
METTL3/METTL14 protein complex. d) SPR sensorgram showing reduced binding of
STM?2457 to the METTL3/METTL14 protein complex in the presence of 50 uM SAM,
illustrating that STM2457 is SAM competitive. ) SPR assay showing single-cycle binding
kinetics of STM2457. f) Biochemical activity assay showing no inhibition of METTLI16,
NSUNI and NSUN2 RNA methyltransferases using a dose-range of STM2457. g)
Methyltransferase dendrograms showing that 10 M STM?2457 has selective inhibitory activity
for METTL3/METTL14 over the indicated RNA and protein methyltransferases. h) Treatment
with 10 uM STM?2457 did not inhibit (ie result in less than 50% control activity) any of the
468 kinases in the ScanMax (DiscoverX) kinase panel tested (marked by green dots).

Extended Data Figure. 2

Binding of STM2457 to the SAM pocket of METTL3.

a) Overlay of crystal structures of METTL3/METTL14 in complex with STM2457 (carbon
atoms in cyan) and METTL3/14 in complex with SAM (carbon atoms in magenta, PDB code
702I). The position of K513 is shown in lines of the corresponding color for each structure.
b) Cellular thermal shift target engagement assay measuring binding affinity of STM2457
against human and mouse METTL3 proteins expressed in HeLa cells. The ICso represents the
concentration of STM2457 at which 50% of METTLS3 is bound to STM2457. (mean +/- s.d.,
n=3). c¢) Quantification of m°A levels on poly-A*-enriched RNA using RNA-mass
spectrometry after 48 hours of in vitro treatment of MOLM-13 with 1 uM of STM2457 or
vehicle (DMSO). (mean +/- s.d., n=3). d) Quantification of m®An, m%A and m’G levels on
poly-A*-enriched RNA 24 hours of treatment of MOLM-13 with the indicated STM2457
concentrations (mean +/- s.d., n=3). e) STM2457 in vivo pharmacokinetic profile in mouse
blood and brain tissue using a dose of 50 mg/kg. f) STM2457 in vivo PK/PD relationship in
non-tumour bearing animals from the PK study shown in (e), demonstrating inhibition of mSA
in spleen tissue over a range of STM2457 blood concentrations (n=3). two-tailed Student’s t-
test.

Extended Data Figure. 3 Treatment with STM2457 triggers colony forming deficiency
and apoptosis in AML cells.

a) Colony-forming efficiency of CD34+ human cord blood cells (n = 3) in the presence of 1, 5,
or 10uM STM2457 (mean=+s.d., n=3). These changes are not significant at the 95%
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confidence level according to one-way Anova on repeated measures. Error bars refer to
variation across 3 different individuals (blue, brown and red square). b) Proliferation assay in
MOLM-13 cells after treatment with the indicated doses of STM?2457 and STM2120,
illustrating no sensitivity to the latter at any tested dose (mean + s.d., n=3). ¢) Colony forming
efficiency of primary murine MLL-ENL/FIt3'™* and NPM1c/NRAS-G12D AML cells treated
with 1 uM STM?2457 showing decreased clonogenic potential compared with vehicle-treated
(DMSO) controls (mean + s.d., n=3). d) Macl levels were used to assess differentiation of non-
leukaemic haemopoietic cell line HPC7. Flow cytometry comparison on day 4 post-treatment
between vehicle (DMSO) and 1 uM STM?2457. e) Selective increased apoptosis in AML cells
but not in non-leukaemic haematopoietic cells, following treatment with 1 uM of STM2457 at
the presented time points (mean * s.d., n=3). f) Western blot for SP1 and ACTIN in MOLM-
13 cells transduced with plasmids expressing SP1 cDNA or an empty control (n=3). g) Dose-
response curves of MOLM-13 cells to STM2457 after transduction with vectors expressing
SP1 cDNA or an empty control, showing selective decrease of drug sensitivity upon ectopic
expression the former. The dose-response curve of parental MOLM-13 (WT, light blue) shown
in Fig. 2a is illustrated for comparison purposes. (mean=+s.d., n=3). d, days; two-tailed
Student’s t-test; *P < 0.05, **P < 0.01

Extended Data Figure. 4 Differential expression analysis of AML cells after treatment
with STM2457.

a) Volcano plot for MOLM13 cells treated with 1 uM STM?2457 versus control samples after
48 hours of treatment, showing significantly dysregulated genes in red (Padj < 0.01). b)
Extended gene ontology analysis of the differentially expressed genes post-treatment with 1
uM STM2457 in MOLM-13 cells. ¢) Representative GO signatures of the differentially
expressed genes post-treatment with STM2457 in MOLM-13 cells. LFC, Log Fold Change.

Extended Data Figure. 5

Pharmacological inhibition of METTL3 significantly reduces m°A on leukaemia-
associated substrates

a) Overlap between METTL3-dependent m°A poly-A* RNAs in MOLM-13 cells either treated
with 1 uM STM2457 or with genetic downregulation of METTL3 from Barbieri et al’. b)
Overlap between differential downregulated m®A peaks in MOLM-13 cells either treated with
1 uM STM?2457 or with genetic downregulation of METTL3 from Barbieri et al’. ¢) Genomic
visualization of the m®A-meRIP normalized signal in MOLM 13 cells following treatment with
vehicle (DMSO) or 1 uM STM2457 for the METTL3-dependent m°A substrates BRD4 and
HNRNPL (red stars indicate loss of m°A signal). d) m®A-meRIP-gPCR analysis of METTL3-
dependent and METTL3-independent m®A substrates normalized to input in MOLM-13 cells
treated for 24 or 48 hours with either vehicle (DMSO) or 1 uM STM2457 (mean + s.d., n=3).
e) Gene ontology analysis of differentially m®A-methylated mRNAs upon treatment with 1 uM
STM?2457. f) RT-qPCR quantification of METTL3 and DICERI in total RNA samples from
MOLM-13 cells treated with vehicle or STM2457 (mean +/- s.d., n=3). g) Western blot for
METTL3, METTL14, DDX3X, DICER1 and ACTIN in MOLM-13 cells treated with 10, 5
and 1 uM of STM2457 or vehicle (DMSO) for 72 hours (n=3). two-tailed Student’s t-test; n.s.,
not significant; KD, knockdown.

Extended Data Figure. 6
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STM2457 shows high efficacy and strong target engagement in PDX models.

a) Quantification of luminescence for the animal experiment depicted in Fig. 4a (mean =+ s.d,
n=5). b) Bioluminescence imaging of mice transplanted with AML PDX-3 (MLL-AF10)
treated with vehicle or 50 mg/kg STM2457 (n=5). c) Kaplan-Meier survival of AML PDX-3
(MLL-AF10) following 12 consecutive treatments with vehicle or 50 mg/kg STM?2457 at
indicated times (n=5). d) Quantification of luminescence for the animal experiment depicted
in Extended Data Fig. 4c (mean + s.d, n=5). e) Quantification of luminescence for the animal
experiment depicted in Fig. 4c (mean + s.d, n=5). f) Body weight for the animal experiment
depicted in Fig. 4a (n=5). Statistical significance was determined by two-tailed Mann—Whitney
U test and box plots showing median, IQR and extremes. g) Western blot for SP1, BRD4,
HNRNPL, BCL2, METTL3 and ACTIN protein levels in AML PDX-3 (MLL-AF6) treated
with vehicle or 50 mg/kg STM2457 (n=4). h) RNA-mass spectrometry quantification of mSA
levels on poly-A*-enriched RNA from bone marrow of AML PDX-3 (MLL-AF10) treated in
vivo with vehicle, 30 mg/kg STM2457 or 50 mg/kg STM2457 (mean * s.d., n=4). D, day; n.s.
not significant; two-tailed Student’s t-test; Log-rank (Mantel-Cox) test was used for survival
comparisons.

Extended Data Figure. 7

STM2457 treatment is efficacious and targeted in primary murine AML.

a) Percentage of YFP* MLL-AF9/FIt3"¥+ cells in the bone marrow of mice treated with vehicle
or 30 mg/kg STM2457 (mean # s.d., n=4). b) Spleen weight of MLL-AF9/FIt3"¥* murine AML
models following treatment with vehicle or 30 mg/kg STM2457 (mean + s.d., n=4). c) Western
blot showing SP1, BRD4, HNRNPL, BCL2, METTL3 and ACTIN protein levels in murine
AML (MLL-AF9/FIt3"¥*) models treated with either vehicle or 30 mg/kg STM2457 (n=4). d)
RNA-mass spectrometry quantification of m®A levels on poly-A*-enriched RNA in vivo from
AML murine models (MLL-AF9/FIt3"¥*) treated with vehicle, 30 mg/kg STM2457 or 50
mg/kg STM2457 (mean + s.d., n=4). e) Percentage of CD93" cells in the bone marrow of MLL-
AF9/FIt3"¥* murine models following treatment with either vehicle or 30 mg/kg STM2457
(mean =+ s.d., n=5). f) Percentage of L-GMP cells in the bone marrow of MLL-AF9/FIt3"¥*
murine models following treatment with either vehicle or 30 mg/kg STM2457 (mean + s.d.,
n=5). g) CD48 levels of L-GMP cells in the bone marrow of MLL-AF9/FIt3"“* murine models
following treatment with either vehicle or 30 mg/kg STM2457 (mean + s.d., n=5). h) Kaplan-
Meier survival after re-transplantation of cells isolated from primary transplanted animals with
MLL-AF9/FIt3"* treated and treated with either vehicle or 30 mg/kg STM2457 (n=5). i)
Percentage of YFP* cells in the peripheral blood 12 days after re-transplantation with MLL-
AF9/FIt3"* (mean + s.d., n=5). D, day; BM, bone marrow; PBC, peripheral blood count; n.s.
not significant; two-tailed Student’s t-test; Log-rank (Mantel-Cox) test was used for survival
comparisons.

Extended Data Figure. 8

Pharmacological inhibition of METTL3 has no lasting effects on normal haematopoiesis.
a-c) Quantification of LSK (Lin-/Skal*/c-Kit") and HSC (LSK/CD150*/CD34") compartments
in bone marrow from WT C57BL/6J mice following 14 consecutive daily treatments with
either vehicle or 50 mg/kg STM2457 (mean + s.d., n=5). d) Blood count results from animal
experiments related to a-c. e) Body weight of mice from animal experiments related to a-d (n
=5). Statistical significance was determined by two-tailed Mann—Whitney U test and box plots
showing median, IQR and extremes. f) RNA-mass spectrometry quantification of m®A levels
on poly-A*-enriched RNA from healthy bone marrow related to the animal experiments a-d,



1040  following 14 days of consecutive treatments with either vehicle or 50 mg/kg STM2457 (mean
1041  +£s.d., n=5). HSC, hematopoietic stem cells; two-tailed Student’s t-test; n.s., not significant.
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