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Small-molecule inhibition of YTHDC1 as a strategy
against acute myeloid leukemia in mouse models
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Dysregulation of RNA N®-methyladenosine (m®A) readers has been linked to various diseases, but the therapeutic
potential of small-molecule inhibitors targeting them is of interest. Here, we reported the identification and char-
acterization of a potent and selective first-in-class inhibitor (YL-5092) of YTHDC1, a nuclear RNA m°®A reader. We
provided a high-resolution cocrystal structure of the YTHDC1-YL-5092 complex. In acute myeloid leukemia (AML)
models, YL-5092 blocked the binding of YTHDC1 to its m°A substrates and reduced mRNA stability, resulting in
apoptosis of AML cells and myeloid differentiation. In multiple xenograft models of AML representing disease
heterogeneity, YL-5092 alone or in combination with standard AML therapy eliminated leukemia and extended
survival. Moreover, YL-5092 functionally impaired leukemia stem cells yet spared normal hematopoietic counter-
parts. Collectively, our work demonstrates the efficacy of a selective YTHDC1 inhibitor and suggests that targeting
of m®A readers is a potential strategy in the treatment of hematologic cancers.

INTRODUCTION
NC-methyladenosine (m°®A) is the most abundant posttranscriptional
modification in eukaryotic mRNA, which plays essential roles in regu-
lating mRNA metabolism and function (1, 2). The m®A modification is
dynamic and reversible: m°A is installed on mRNA by methyltransfer-
ases (“writers”) and removed by demethylases (“erasers”) (2-4). The fate
and functions of m°A-modified mRNAs (m®A-mRNAs) heavily rely on
various m®A-binding proteins (“readers”), which recognize and gener-
ate functional signals from m°A-mRNAs (2, 5, 6). Currently, five
YT521-B homology (YTH) domain-containing proteins (YTHDC1
and YTHDC2 and YTHDFI to YTHDEF3) and several additional pro-
teins, including insulin-like growth factor 2 mRNA binding proteins
(IGF2BP1 to IGF2BP3) and heterogeneous nuclear ribonucleoproteins
A2/B1 (HNRNPA2B1), have been identified as readers of m®A-mRNAs
(7-9). These m®A readers have been demonstrated to play important
roles in a wide range of physiological and pathological processes, par-
ticularly in regulating hematopoietic stem cell (HSC) function and
in the pathogenesis of acute myeloid leukemia (AML) (10-18).
YTHDCI, as an important reader of m®A-mRNAs, has distinct
roles in regulating nuclear RNA splicing, alternative polyadenylation,
nuclear export, and decay (12, 19-25). Dysregulation of YTHDC1 is
associated with a number of pathologies, particularly AML (12, 26-28).
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YTHDCI is overexpressed in AML cells and is essential for AML cell
proliferation and survival (12, 13). Further studies have shown that the
genetic deletion of YTHDCI1 markedly suppresses AML development
and maintenance as well as self-renewal of leukemia stem cells (LSCs)
in mice (12). YTHDCI1 has thus been considered as a potential target
for the treatment of AML, and small-molecule inhibitors of YTHDC1
may be promising agents against AML. Nevertheless, to our knowledge,
no potent YTHDCI inhibitors demonstrating in vivo efficacy have
been reported to date (29-31). The work here presents the discovery
and characterization of a first-in-class small-molecule inhibitor of
YTHDCI and demonstrates its potential in the treatment of AML.

RESULTS

Discovery and characterization of YTHDC1 inhibitor YL-5092
To identify YTHDCI1 inhibitors, we established a fluorescence po-
larization (FP)-based screening system and screened our in-house
chemical library containing about 25,000 compounds. Only one com-
pound, Hit-1 [an extracellular signal-regulated kinase 5 (ERK5)
inhibitor] (32), showed inhibitory activity against YTHDC1 with a
half-maximum inhibitory concentration (ICs¢) of 5.50 uM (Fig. 1A
and fig. S1A). The activity of Hit-1 was validated by a differential scan-
ning fluorimetry (DSF) assay, which gave a thermal shift (ATy,) of
2.8°C at a concentration of 100 pM (fig. S1B), indicating direct bind-
ing between Hit-1 and YTHDCI. Next, we solved the cocrystal struc-
ture of the YTH domain of YTHDC1 in complex with Hit-1 by x-ray
crystallography at a resolution of 2.4 A [Protein Data Bank (PDB) entry
9V 84;table S1]. Theresults show that the 2-bromo-6-fluorobenzene
group of Hit-1 occupies the aromatic cage formed by W377, W428,
L430, and L439 (fig. S1, C and D), which is also the m°A binding site
(33). The remaining part of Hit-1 extends into a groove connected
with the aromatic cage, formed by one a helix (a3 helix) and three
sheets. Further testing showed that Hit-1 exhibited no detectable ac-
tivity against other YTH family members (YTHDC2 and YTHDF1
to YTHDF3) (fig. S1E). Molecular docking analyses were performed
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Fig. 1. Bioactivity and structural characterization of the YTHDC1 inhibitor YL-5092. (A) Chemical structures and bioactivities against YTHDC1, of the initial hit (Hit-1),
the optimized compound (YL-5092), and its inactive isomer (YL-NC). (B) Dose-activity curves of compounds YL-5092 and YL-NC measured by the FP assay (n = 3). The ICsg
values were determined using a four-parameter logistic equation in GraphPad Prism 8.0. (C) Stabilizing effect of YL-5092 on the YTHDC1 YTH domain protein measured
by the DSF assay (n = 3). The Ty, values were assessed using a Boltzmann equation in GraphPad Prism 8.0. (D) SPR binding data for the interaction of YL-5092 with immo-
bilized YTHDC1. (E) EMSAs for YTHDC1 in the presence of increasing concentrations of YL-5092 (0.07 to 2.00 uM). (F) Bioactivities of YL-5092 against RNA m°®A reader
proteins, detected by the FP assay. (G) Binding mode of YTHDC1-YL-5092 determined by the crystal structure (PDB ID: 9MB3). Red dashed lines indicate hydrogen bonds
(some residues are omitted for viewing clarity). (H) Superposition of the YTHDC1-YL-5092 complex (YTHDC1 in bright blue and YL-5092 in yellow) with m®A bound struc-
ture (gray) (PDB ID: 6ZCN). All data were obtained from three independent experiments. Data are shown as averages =+ SD.

to investigate Hit-1’s binding preference for YTHDCI. These analyses
revealed markedly higher scoring function values—a proxy for pre-
dicted binding affinity—for Hit-1 with YTHDC1 compared with other
YTH proteins (table S2), supporting its selective binding mechanism.
To improve the potency of Hit-1, a structure-guided stepwise op-
timization process was carried out. According to the x-ray crystal
structure, the middle part of Hit-1 (namely, 4-acetyl-1H-pyrrole-
2-carboxamide) forms important hydrogen bonding interactions
with YTHDC1. We thus maintained the middle part and optimized
the two terminal groups: 2-bromo-6-fluorophenyl (R;) and pyridine
(Ry). In the first step, we fixed R; as pyridine and varied R, (fig. S2).
Adding a fluorine substitution at site 4 or 5 of phenyl (R;) caused a
complete loss of activity (C-2 and C-3; fig. S2), indicating substitu-
tions at these sites being unfavorable because of limited space in the
aromatic cage (fig. S1D). As expected, after removing 6-F of Ry, the
activity of the leading compound C-4 increased noticeably. Howev-
er, upon further removal of 2-Br, the activity of the resulting com-
pound (C-5) decreased substantially, indicating the importance of
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2-Br substitution. This is understandable because it locates out-
side of the aromatic cage and forms hydrophobic interactions
with resides L380, P431, and M434 (fig. S1D). Next, different bulky
groups were used to replace 2-Br, which generated six new com-
pounds (C-6 to C-11). Compound C-8 with a medium-size group
(2-CF3) showed a higher potency than others with smaller or bulk-
ier substituents because the medium-sized 2-CF3 can form good
interactions but avoid steric repulsion with surrounding residues.
In the second step, we fixed R, as the optimal 2-trifluoromethyl
phenyl group and optimized R,. The replacement of the original R,
group (pyridine) with a phenyl group (C-12) increased the po-
tency. We then added a fluoride substitution at ortho-, meta-, or
para-position and synthesized three compounds (C-13, C-14, and
C-15). Only compound C-15 with para-fluorine showed an in-
crease in activity, indicating that para-substitution may help im-
prove the bioactivity. Hence, different substituents were used on
the para-position, and 23 compounds were prepared. Of them,
compound C-29 (YL-5092) with a 4-thiazole moiety displayed the
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highest activity with a single-digit nanomolar potency (ICsp = 7.4 nM;
Fig. 1, A and B).

To verify the bioactivity of YL-5092, several biophysical approach-
es were used. In the DSF assay, YL-5092 dose dependently stabilized
the YTHDCI1 protein and displayed a ATy, value of 10.7°C at a con-
centration of 20 pM (Fig. 1C). In the surface plasmon resonance (SPR)
assay, it exhibited a high binding affinity with a dissociation constant
value of 29.6 nM (Fig. 1D). By electrophoretic mobility shift assay
(EMSA), YL-5092 dose-dependently blocked the binding of substrate
mimic, indicating a competitive inhibitor of substrate (Fig. 1E).

To facilitate subsequent mechanistic studies, we synthesized an
isomer (YL-NC) of YL-5092 with trifluoromethyl in R, shifting from
ortho- to para-position (namely, 2-CF; to 4-CF3). YL-NC showed no
activity against YTHDCI in any of the assays (Fig. 1, A and B). These
indicate that YL-NC is a good negative control, which could be used
in the subsequent studies.

Target selectivity of YL-5092

To examine the target selectivity of YL-5092, we adopted the FP assay
to test the activity of YL-5092 against other RNA m°®A readers, in-
cluding YTHDC2, YTHDF1 to YTHDEF3, IGF2BP1 to IGF2BP3, and
HNRNPA2BI. The results indicated that YL-5092 did not show no-
ticeable activity against any of these readers (ICsp > 100 pM; Fig. 1F).
Similarly, in the EMSA assay, YL-5092 did not interfere with the bind-
ing of other YTH proteins to substrate mimic (fig. S3, A to D). In
addition, in the DSF assay, YL-5092 had no discernible effect on the
thermal stability of other YTH proteins (fig. S3, E to H) or various
bromodomain-containing proteins functioning as readers of acet-
ylated histones (fig. S3I). Furthermore, in a kinase profiling assay,
YL-5092 showed no inhibitory effect on a panel of 416 human pro-
tein kinases (fig. S3]), including specific confirmation of ERK5 non-
responsiveness [kinase inhibition: ICsy > 100 pM (fig. S3K); binding
affinity (SPR): no binding (fig. S3L)]. Thus, all data demonstrate that
YL-5092 is a highly selective inhibitor of YTHDCI.

Structural understanding of the potency and selectivity

of YL-5092

To understand the high potency of YL-5092 against YTHDC1, we
solved the cocrystal structure of the YTH domain of YTHDC1 in com-
plex with YL-5092 by x-ray crystallography at a resolution of 1.65 A
(PDB entry 9MB3; table S1). YL-5092 adopts the same binding pose
as Hit-1. As expected in the structural optimization process, the
2-trifluoromethyl-phenyl group occupies the aromatic cage consist-
ing of residues W377, W428, 1430, and L439, with 2-trifluoromethyl
pointing to the outside of the aromatic cage (Fig. 1G). The pyrrole
nitrogen and amide nitrogen individually form a hydrogen bond with
residues D476. The amide oxygen forms a hydrogen bond with resi-
due W377. Meanwhile, the carbonyl oxygen forms two hydrogen bonds
with residues S362 and N367. The 5-phenylthiazole tail forms good
hydrophobic interactions with residues 1360, L387, and F358. We also
noticed a n-7 stacking interaction between thiazole and the benzene
ring of F358. To validate these structural observations, we introduced
mutations in the interacting residues (W428A, D476A, N367A, I360A,
S362A, W377F, L430A, and L439A), followed by DSF analysis. The re-
sults showed a substantial reduction in binding activity of YL-5092
compared with the wild-type protein (A Ty, =10.7°C): W377F (AT, =
5.9°C), W428A (AT, = 0.7°C), L430A (AT, = 3.9°C), D476A
(AT, =1.3°C), S362A (AT, =9.3°C), N367A (AT, = 3.5°C), I360A
(AT, = 0.5°C), and L439A (AT, = 6.8°C) (fig. S4, A and B). These
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findings support the proposed cocrystal structure, given that the sin-
gle mutants exhibited reduced binding activity with YL-5092. Com-
pared with the structures of YTHDC1 bound to an m®A mimic (PDB:
6ZCN; Fig. 1H) or mP®A-RNA (PDB: 4R31), the main chain of o3 helix
shows an evident outward shift, which enlarges the space between the
a3 helix and the three p sheets to accommodate YL-5092 (Fig. 1H).
Changing 2-CF; to 4-CF; in the phenyl group of R; likely results in a
steric collision with residue W428, leading to the isomer YL-NC to
be inactive.

To elucidate the selectivity of YL-5092 for YTHDCI over other
YTH domain family members, we conducted molecular docking
analyses of YL-5092 against all YTH family proteins (YTHDC1 and
YTHDC2 and YTHDFI to YTHDE3). The results revealed markedly
higher scoring function values for YL-5092 with YTHDC1 compared
with the other YTH proteins (table S2), demonstrating its selective
binding preference for YTHDCI. Subsequent alignment of the amino
acid sequences and three-dimensional (3D) structures of YTH fam-
ily proteins highlighted key differences. The YTH domain of YTH-
DCI1 shares homology similarities of 50.38, 33.33, 31.82, and 30.3%
with that of YTHDC2, YTHDF1, YTHDEF2, and YTHDF3, respec-
tively (fig. S5A). Although all YTH proteins adopt a conserved 3D
fold, YTHDC2 lacks a critical binding loop within the m°A recognition
pocket (fig. S5B). This structural absence likely prevents YTHDC2
from forming hydrophobic interactions with the 2-trifluoromethyl-
phenyl group of YL-5092, explaining the compound’s inactivity
against YTHDC2. Further structural comparisons between YTHDC1
and YTHDFI to YTHDF3 revealed distinct residue variations in key
regions. Specifically, YTHDF1 to YTHDEF3 have a bulkier tryptophan
residue (W470, W491, or W497) in place of YTHDC1’s L439 within
the aromatic cage and a larger arginine residue (R420, R441, or R447)
instead of YTHDC1’s K386 in the adjacent groove (fig. S5C). These
substitutions likely introduce steric clashes that hinder YL-5092 from
binding to YTHDF1 to YTHDEF3, thereby accounting for the com-
pound’s lack of activity against these paralogs.

Target engagement of YL-5092 in living cells
Previous studies have shown that YTHDC1 is an important target in
myeloid leukemia (12, 13). Thus, we next wanted to verify whether
YL-5092 selectively interacts with YTHDCI in intact cancer cells
using myeloid leukemia as a model. To this end, we performed a
cellular thermal shift assay (CETSA), a biophysical technique allow-
ing the direct study of drug (ligand) binding to proteins (targets) in
living cells (34). Our results showed that YL-5092 treatment could
dose-dependently stabilize YTHDC1 without affecting YTHDC2 and
YTHDFI1 to YTHDF3 in myeloid leukemia cell line MOLM-13 and
U937 cells (Fig. 2A and fig. S6, A and B), indicating a selective bind-
ing of YL-5092 to YTHDCI1 in leukemic cells. In addition, we per-
formed fluorescence recovery after photobleaching (FRAP) assays
to assess the mobility of enhanced green fluorescent protein (EGFP)-
tagged YTHDCI in live human embryonic kidney (HEK) 293T cells.
YL-5092 treatment markedly enhanced the fluorescence recovery
with a normalized half-life recovery time (t,/,) shortened from 1.976 to
1.365 s, suggesting that the binding of YTHDC1 with its m°A-mRNA
substrates was hampered by YL-5092 (Fig. 2B). These results dem-
onstrated the specific target engagement of YL-5092 on YTHDC1 in
living cells.

We then wanted to assess the biological effects of YL-5092 on
known activities of YTHDCI in leukemia cells. A recent study found
YTHDCI1 to undergo a liquid-liquid phase separation (LLPS) by
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Fig. 2. Target engagement of YTHDC1 inhibitor. (A) CETSA assay was carried out with AML cells (MOLM-13 and U937) grown in the presence or absence of YL-5092 or
YL-NC for 6 hours (n = 3, independent experiments). The labels below the blots represent the normalized intensity. (B) FRAP experiment was performed using HEK293T
cells expressing EGFP-tagged YTHDC1 (n = 3, independent experiments). (C and D) After different treatments, nuclear condensates in MV4-11 cells were observed by
immunofluorescence staining with anti-YTHDC1 antibody. Representative images are shown (C), and condensates in the nucleus were quantified (D) (n = 3, indepen-
dent experiments). Scale bars, 10 pm. (E) YTHDC1-RIP-qPCR analysis of YTHDC1 enrichments at mRNAs of the selected target genes in MOLM-13 cells treated with ve-
hicle, YL-5092, or YL-NC (n = 3, independent experiments). (F to 1) Effect of YL-5092 treatment on the stability of MYC (F), FOXM1 (G), GINST (H), and MCM2 (1) mRNAs in
MOLM-13 cells by RNA degradation assay (n = 3, independent replicates). (J) Effect of YL-5092 treatment on the expression of MYC, FOXM1, GINS1, MCM2, MCM4, and
MCM5 mRNAs in MOLM-13 cells by gRT-PCR (n = 3, independent experiments). All data are shown as averages + SD. The P values were analyzed using one-way ANOVA
[(B) and (D) and (F) to ()] and two-way ANOVA [(E) and (J)] compared with the vehicle control group; **P < 0.01, ***P < 0.001, and ****P < 0.0001. GAPDH,

glyceraldehyde-3-phosphate dehydrogenase.

binding to m°®A to form dynamic nuclear condensates (13, 35). Thus,
we first examined whether YL-5092 can interfere with this event.
It appeared that YL-5092 performed equally well as 1,6-hexanediol,
a commonly used inhibitor of LLPS (36), in substantially inhibiting
the LLPS phenotype mediated by YTHDC1 and reducing the forma-
tion of nuclear condensates in leukemia cell line MV4-11 cells (Fig. 2,
C and D). The negative control YL-NC, however, did notshowany
effect (Fig. 2, A to D). We then focused our study on theimpact of YL-5092
on six well-known substrates of YTHDCl—including MYC, FOXM],
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GINS1, MCM2, MCM4, and MCM5—in myeloid leukemia (12, 13). We
first examined the impact by RNA immunoprecipitation-quantitative
polymerase chain reaction (RIP-qPCR). The results showed that
YL-5092 markedly reduced the binding between YTHDCI1 and these
key substrates required for its leukemogenic function (Fig. 2E). Conse-
quently, the YL-5092-induced loss in binding resulted in substantially
decreased stability of MYC, FOXM1, GINS1, MCM2, MCM4, and MCM5
transcripts in MOLM-13 cells as revealed by an RNA stability assay
(Fig. 2, Fto], and fig. S6, C and D). Subsequently, we observed that
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YL-5092 treatment dose-dependently reduced the mRNA levels
of all of these genes in the MOLM-13 cells (Fig. 2]). Conversely,
in AML cells with YTHDCI knockdown, YL-5092 failed to sub-
stantially reduce the mRNA stability and relative expression of
these target genes (figs. S6, E to L). Together, these data suggest
that YL-5092 blocks the binding of YTHDCT to its key m°®A sub-
strates, induces their mRNA instability, and subsequently leads to
their transcript loss.

Global effects of YL-5092 on targets of YTHDC1 in AML cells
To comprehensively characterize the global impact of YL-5092-induced
YTHDC1 m°A substrate loss in leukemic cells, we next performed RNA
sequencing (RNA-seq), analysis of MOLM-13 cells treated with vehicle,
YL-5092, or YL-NC. We found that YL-5092 treatment substantially al-
tered the expression of 3761 genes (2045 up and 1716 down), whereas
YL-NC treatment minimally affected the transcriptome (Fig. 3A). The
differentially expressed genes induced by YL-5092 and mediated by
YTHDCI knockdown (KD) (13) had a marked overlap (52.0% of the
YTHDCI KD) (Fig. 3B). The nonoverlapped transcriptional changes
could reflect kinetic differences between genetic and pharmacological
perturbations. Nonetheless, by global gene set enrichment analysis,
we identified a collection of gene sets affected by YL-5092 (Fig. 3C).
YL-5092 treatment markedly down-regulated MYC targets, E2F targets,
and G,-M checkpoint-related gene sets (Fig. 3C and fig. S7A), which
are known to be important for leukemogenesis and tumorigenesis in
general (37).

Next, to identify potential direct YTHDC1 targets among the dys-
regulated transcripts, we mapped transcriptome-wide m°A modifica-
tions (m®A-seq) in MOLM-13 cells treated with YL-5092 or vehicle.
Analysis revealed that global m°A peak distribution and GGACU motif
enrichment remained largely unchanged between treatment groups
(fig. S7, B to D), demonstrating that YL-5092 does not affect m°A
deposition itself. Critically, the integration of the m®A-seq and RNA-seq
data revealed specific down-regulation of m®A-modified, but not non-
m®A-modified, transcripts upon YL-5092 treatment (fig. S7E), sug-
gesting an on-target effect of YL-5092.

Moreover, to directly evaluate changes in transcript stability, we
performed thiol(SH)-linked alkylation for the metabolic sequenc-
ing of RNA (SLAM-seq) to measure the degradation of RNA tran-
scripts. Globally, transcript half-lives were substantially reduced in
the YL-5092-treated group compared with vehicle (Fig. 3D). In both
conditions, m®A-modified transcripts had shorter half-lives than
non-m®A-modified ones (vehicle: 2.38 hours versus 2.82 hours;
YL-5092: 1.70 hours versus 2.28 hours) (Fig. 3E and fig. S7F). It
is worth noting that the reduction in half-life was more substan-
tial for m®A-modified transcripts upon YTHDCI1 inhibition, con-
sistent with the hypothesis that YTHDC1 plays a critical role in
transcript stabilization. To define the core set of transcripts directly
regulated by YTHDC1 via m®A-dependent stability, we performed
integrated analyses on four datasets: (i) down-regulated genes from
RNA-seq, (ii) transcripts displaying decreased stability induced by
5092 from SLAM-seq, (iii) m®A-modified genes from m®A-seq, and (iv)
a published YTHDCI1 photoactivatable ribonucleoside-enhanced
crosslinking and immunoprecipitation (PAR-CLIP) dataset (33). These
four-way integration analyses identified 403 overlapping genes rep-
resenting m°A-modified transcript targets of YTHDCI that expe-
rienced down-regulated expression likely because of altered transcript
stability upon treatment with YTHDC1 inhibitor YL-5092 (Fig. 3F).
We noticed that previously reported target genes of YTHDC1 such
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as MYC, GINS1, MCM4, and FOXM1 were among the overlapping
targets (Fig. 3G), which further confirmed YL-5092’s on-target
specificity. Moreover, the pathway analysis of these 403 core tar-
gets revealed substantial enrichment in DNA replication, mismatch
repair, and cell cycle pathways (fig. S7G), directly linking YL-5092’s
antileukemic mechanism to the destabilization of proliferation-
related transcripts.

In addition, given that a previous study reported that YTHDC1
regulates mRNA splicing (23), we also assessed the impact of YTH-
DCI1 inhibition by YL-5092 on global splicing in AML cells. We
identified 3781 different types of alternative splicing events repre-
senting 2468 genes in MOLM-13 cells upon YL-5092 treatment
[false discovery rate (FDR) < 0.05] (Fig. 3H). Through overlapping
analysis of YL-5092-dysregulated genes, m°A-modified transcripts,
and YTHDCI-binding targets, we further revealed that 270 m°®A-
modified transcripts directly bound by YTHDC1 experienced changes
in alternative splicing upon exposure to YL-5092 (Fig. 3I). The path-
way enrichment analysis of the 270 genes identified RNA splicing,
mRNA metabolic regulation, and chromosome segregation among
the list (fig. S7TH).

Last, we performed ribosome profiling (Ribo-seq) to assess the
potential impact of YL-5092 on global translational efficiency. We
observed no notable differences in translational efficiency between
vehicle and YL-5092 groups (fig. S7I). Subsequent detailed analy-
sis focusing on m®A-modified and m®A-unmodified transcripts
also revealed no notable differences in translational efficiency be-
tween vehicle- and YL-5092-treated cells (fig. S7, ] and K). These
results suggest that YTHDCI inhibition does not markedly alter the
translation efficiency of mRNA in leukemic cells. Thus, overall, the
impacts of YL-5092 on m®A-modified transcripts are at least com-
posed of three components, including the core set of 403 genes rep-
resenting a direct destabilizing effect of YL-5092, the 270 genes affected
by YL-5092-induced disruption of the RNA splicing function of
YTHDCI, and the majority of nonoverlapped transcriptome changes
likely downstream of YL-5092-induced suppression of primary tar-
gets such as transcription factors MYC, FOXM1, and GINSI.

In vitro antileukemic activity of YL-5092

Given the strong YTHDCI inhibitory effects in leukemic cells, we
next examined the in vitro anti-leukemia activity of YL-5092 in a col-
lection of AML cell lines and primary AML specimens representing
complex disease heterogeneity of human AML, including seven leu-
kemic cell lines (MV4-11, HL-60, MOLM-13, THP-1, KG-1, U937,
and OCI-AML3) and five primary human AML specimens of vari-
ous AML genotypes and phenotypes (table S3). Through initial viabil-
ity assay, all the tested AML cell lines and primary samples were very
sensitive to YL-5092, with ICs values in the range of 0.28 to 2.87 pM
(Fig. 4, A and B), but entirely resistant to YL-NC (ICs5¢ > 50 pM)
(table S4).

To better dissect the antileukemic activity of YL-5092 in AML cells,
flow cytometry was conducted to examine the specific effects of YL-
5092 on cell cycle, apoptosis, and myeloid differentiation. The results
showed that treatment with YL-5092, but not YL-NC, substantially
induced MOLM-13 cell cycle arrest at Go-G; phase (Fig. 4C), apoptosis
(Fig. 4D and fig. S8), and myeloid differentiation (Fig. 4E) in a
dose-dependent manner. In addition, to assess the impact of YL-5092
on different AML subtypes, we evaluated the sensitivity of 16 pri-
mary AML specimens from our laboratory to YL-5092. For com-
parative analysis, drug sensitivity was quantified using the area under

50f 15



SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

A YL-5092 vs. Vehicle YL-NC vs. Vehicle B
e Down e Notsig e Up e Down e Notsig e Up ) )
3004 B TE 20+ | o YL-5092 vs. Vehicle YTHDC1 KD vs. Vehicle
A [ A
__ 250+ Lyl 1t . o
z g = 157 A
& 2004 B [I— :{ | 2805 884
a a I & &
S 150 4 < 10 oS gt |
g g | |
— 1001 2 | |
7 T 5- C 3 .
50 .-l | D
0- o . P 51.00{, 1.
T T T T T 2] " Vehicle t,,=2.41h
2 -1 0 1 2 g L YL-5092t,=1.75h
Logs (fold change) Log (fold change) § 0751 M : w2
o )
c MYC targets V1 MYC targets V2 N o050 PR — Vehicle
o 00—~ 00f--------- o o
5 NES = -3.759 ° NES = -3.211 g : — YL-5092
8 P adj. < 0.001 g P adj. < 0.001 5 025{
£-02 FDR < 0.001 g 02 FDR < 0.001 £ i
= —— !5 : i
g -0.4 é—o 4 Z 0.004 : 3
S 5 0 3 6 9 12 15 18
S 506 Chase (h)
E
YL-5092 Vehicle YL-5092 Vehicle s100{
E2F targets G,-M checkpoint [z h meéAt,,=1.70 h = mfA
00f 00 s 2 %
o NES = -4.962 NES = -4.586 €075 A\ nomAt,,=228h oA
8 0.2 P adj. < 0.001 2 02 P adj. < 0.001 S = nom
@ FDR < 0.001 g FDR < 0.001 o
= ° A 050 -k
c-0.4 £-0.4 =
€ g o
£ E X
S-06 5-06 025
& i £
o
. | Z000{
YL-5092 Vehicle YL-5092 Vehicle 0 3 6 9 12 15 18
Chase (h)
F | )
o Downregulated o AS genes induced
m@A sites by YL-5092 250 m°A sites by YL-5092
6810 (76%) 574 SE
8% uxe

286
(7.6%) | ASSS

1425 AN 371 ‘ A3SS
] = 2583 (68.3%) RI
o

Alternatively spliced events
induced by YL-5092

Fig. 3. Global effects of YL-5092 on YTHDC1 targets in AML cells. (A) Volcano plots of RNA-seq data showing the up-regulated and down-regulated expression of genes
in MOLM-13 cells treated with vehicle, YL-5092 (2 pM), or YL-NC (2 pM) for 72 hours (n = 3, independent experiments). The filter condition was twofold change, FDR (false
discovery rate) < 0.05. P adj., adjusted P value. (B) Venn diagram depicting the overlap between differentially expressed genes from YL-5092 treatment versus vehicle and
published YTHDC1 knockdown versus vehicle RNA-seq datasets. (C) Global gene set enrichment analysis (GSEA) enrichment plots showing the top four enriched down-
regulated pathways in MOLM-13 cells treated with YL-5092. (D) Transcriptome-wide mRNA decay curves for vehicle- and YL-5092-treated MOLM-13 cells. Shaded regions
represent the interquartile range (first and third quartiles) for each group (n = 3, independent experiments). (E) Decay curves of methylated versus non-methylated
transcripts in YL-5092-treated MOLM-13 cells. Shaded regions indicate the interquartile range. (F) Venn diagram showing overlapping genes among (i) down-regulated
genes after YL-5092 treatment (RNA-seq); (i) m®A-modified genes (m°A-seq); (iii) genes with reduced stability upon YL-5092 treatment [thiol(SH)-linked alkylation for the
metabolic sequencing of RNA (SLAM-seq)]; and (iv) YTHDC1-binding targets from a published PAR-CLIP dataset. (G) Heatmap of expression profiles for the 430 overlap-
ping genes identified in (F), including MYC, FOXM1, GINS1, and MCM4. Red and blue shades represent up- and down-regulation, respectively. (H) Pie charts showing the
distribution of each type of substantially altered splicing events in MOLM-13 cells upon YL-5092 treatment compared with the dimethyl sulfoxide controls. SE, splice exon;
MXE, mutually exclusive exons; A5SS, alternative 5’ splice site; A3SS, alternative 3’ splice site; RI, retained intron. (I) Venn diagram showing the overlap among YL-5092-
dysregulated genes, YL-5092-induced alternatively spliced genes, méA-modified genes, and YTHDC1-bound genes from PAR-CLIP.
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end, we performed colony-forming unit (CFU)

assays on CD34%-enriched leukemia stem and

progenitor cells (LSPCs) versus CD34"-enriched

normal hematopoietic stem and progenitor cells (HSPCs). In this as-
say, YL-5092 markedly inhibited the CFU potential of CD34* LSPCs
from multiple primary human AML specimens but spared CD34"
HSPCs from all umbilical cord blood (CB) samples obtained from
healthy donors (Fig. 4F). Moreover, we also tested the effect of YL-
5092 on normal hematopoietic lineage differentiation by examining
the number and morphology of different types of colonies [burst-
forming unit-erythroid (BFU-E), CFU-granulocyte (CFU-G),
CFU-macrophage (CFU-M), CFU-granulocyte/macrophage (CFU-
GM), and CFU-granulocyte, erythroid, macrophage, megakaryocyte
(CFU-GEMM)] derived from CB specimens upon YL-5092 treatment.
The result showed that YL-5092 had minimal impact on various types of
erythroid and myeloid colonies (figs. S10, A to C). The treatment also
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did not affect hematopoietic subpopulations as revealed by CD45 and
side scatter staining (fig. S10, D and E). Furthermore, we performed
secondary CFU plating experiments, and the results showed that both
1- and 3-pM YL-5092-treated groups retained their colony-replating
potential equivalent of the vehicle control (fig. S10F). Together, these
results suggest that YL-5092 is a potent and selective antileukemia
agent with the potential to target the more primitive LSPC compart-
ment while sparing the normal hematopoietic counterparts.

We noticed that knockdown of YTHDCI in AML cells reduced
its sensitivity to YL-5092 (fig. S11A). This attenuated response was
restored upon YTHDCI overexpression, indicating an on-target in-
hibitory effect (fig. S11B). Furthermore, YL-5092 was also effective
in treating 9 of the 22 solid cancer cell lines we tested along with the
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above seven leukemic cell lines (table S5), suggesting the potential
utility of YTHDCI inhibitor beyond leukemia. The protein expres-
sionlevelof YTHDC1 wasmarkedlyhigherinthe YL-5092-sensitive
group (seven leukemic and nine solid cancer cell lines) than the
YL-5092-resistant group (13 cell lines that did not reach 50% killing at
50 pM YL-5092) (fig. S11, C to G). Moreover, for the 16 cell lines in
the YL-5092-sensitive group, the protein expression levels of YTHDC1
substantially correlated with their ICs, values of YL-5092 (fig. S11H).
Collectively, these data demonstrate that YL-5092 is a potent and se-
lective inhibitor of YTHDCI in tumor cells.

In vivo activity of YL-5092 in treating AML as a single agent
or in combination with venetoclax/azacitidine

Last, we wanted to test the in vivo activity of YL-5092 in treating
AML. To this end, we first evaluated the pharmacokinetic (PK) prop-
erties of YL-5092 in vivo. When given intraperitoneally (ip; 20 mg/kg)
and orally (20 mg/kg), YL-5092 delivered AUC values of 20,035 and
11,083 hourseng/ml (fig. S12A) and bioavailability at 87.29 and
48.29%, respectively. Intraperitoneal administration was used in
subsequent in vivo studies because of superior absorption. The key
PK parameters for the intraperitoneal administration with the used
dose (70 mg/kg) are summarized here: The AUC and the half-life
(Ty2) are 161,500 hourseng/ml and 2.12 hours, respectively. The
maximum plasma concentration (Cpay) is 23,562 ng/ml. Based on
the IC5(/ICq values from MOLM-13 or U937 cells, a single intra-
peritoneal of YL-5092 at 70 mg/kg per day maintained the plasma
levels at IC5q (0.61 pM) or ICsg (0.28 pM) and ICyg (1.54 pM) or
ICyp (2.88 pM) for ~16 or 18 hours and 14 or 13 hours, respectively
(fig. S12, B and C).

To determine the safety of YL-5092, C57BL/6] mice were admin-
istered by intraperitoneal injection of YL-5092 at a dose of 70 mg/kg
twice a day for 3 consecutive weeks. There was no overt toxicity and
no evident loss of body weight after YL-5092 treatment (fig. S13A).
Complete blood count analyses revealed no obvious changes in lev-
els of white blood cells, red blood cells, platelets, hemoglobin, and
hematocrit during YL-5092 treatment (fig. S13, B to F). Subsequent-
ly, we analyzed bone marrow (BM) samples isolated from mice and
observed no significant alterations in the total number of BM cells at
different time points during YL-5092 treatment (fig. S13G). We fur-
ther characterized different hematopoietic cell compartments using
flow cytometric analysis (fig. SI3H). It was found that YL-5092
treatment did not result in significant changes in the relative num-
bers of stem cell-enriched Lin"Sca-1"c-Kit" (LSK) cells (fig. S13I).
Among LSK cells, there were no significant changes in the relative
proportions of phenotypically defined long-term HSCs (Lin~Sca-
1*c-Kit"CD150"CD487; fig. S13]), multipotent progenitors (Lin~Sca-
1*c-Kit*CD1507CD487; fig. S13K), and downstream hematopoietic
progenitor cell subsets (HPC-1, Lin~Sca-1%¢-Kit*CD150"CD48™;
HPC-2, Lin~Sca-1" c-Kit"CD150"CD48%; fig. S13, L and M). In addi-
tion, YL-5092 treatment did not significantly affect the myeloery-
throid progenitor-enriched LKS™ population (Lin"c-Kit*Sca-17; fig.
S13N) or the granulocyte-macrophage progenitor-enriched pop-
ulation (Lin~Sca-17c-Kit"*CD41~CD150"CD16/32"; fig. S130). Fur-
thermore, we analyzed differentiated cell populations in the BM
and observed no significant changes in their relative numbers dur-
ing YL-5092 treatment, including myeloid cells (Mac1*Gr1%;
fig. S13P), CD4%" or CD8' T cells (fig. S13, Q and R), mature recirculat-
ing B cells (B220*CD19*CD937; fig. $13S), and developing B cells
(B2207CD19*CD93™; fig. S13T). To explore the effects of YL-5092
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on the function of other tissues, we measured serum biochemicals such
as alanine aminotransferase, aspartate aminotransferase, creatinine,
uric acid, and a-hydroxybutyrate dehydrogenase at various time
points during YL-5092 treatment. We found that mice in the YL-
5092 treatment group exhibited no significant differences in these se-
rum biochemical compared to the vehicle controls, indicating that YL-5092
(70 mg/kg) had no obvious toxicity on heart, liver, or kidney func-
tion (fig. S14, A to E). Further histological analysis of the heart,
liver, spleen, lung, and kidney by hematoxylin and eosin (H&E)
staining revealed no obvious abnormalities in YL-5092-treated mice
(fig. S14F). Together, YL-5092 was well tolerated and did not result
in obvious adverse events in mice, suggesting that YL-5092 is a safe
antileukemia agent.

Subsequently, we assessed the in vivo antileukemia activity of
YL-5092 in cell line-derived xenograft (CDX) or patient-derived
xenograft (PDX) models of AML. MOLM-13 or U937 leukemic cells
expressing luciferase were used to generate CDX models of AML.
Treatment with YL-5092 [70 mg/kg, ip, twice per day (b.i.d.)] or ve-
hicle was initiated 4 days after cell transplantation and was continued
for 18 consecutive days with the progression of disease monitored by
luciferase imaging in the two CDX models (Fig. 5A). No weight loss
was observed during the treatment (fig. S15, A and B). Compared
with the control group, YL-5092 treatment substantially alleviated the
progression of leukemia and markedly prolonged the overall survival
of the treated mice (Fig. 5, B to E, and fig. S15, C and D). As deter-
mined by flow cytometry analysis, YL-5092 treatment substantially
reduced leukemia burden in the BM, peripheral blood, and spleens
of the mice (Fig. 5, F to H, and fig. S15E). H&E and immunohisto-
chemical staining of the spleen confirmed less dissemination of AML
cells in YL-5092-treated mice (Fig. 5I). We performed gene expression
analysis on leukemic cells isolated from the BM of YL-5092-treated
mice and found that YL-5092 treatment profoundly reduced the ex-
pression of YTHDC1 target genes, including MYC, FOXM1, GINS1,
MCM2, MCM4, and MCMS5 (Fig. 5]), indicating an on-target effect
of YL-5092 in vivo.

Next, we tested the therapeutic efficacy of YL-5092 in PDX mod-
els of AML representing complex genetic heterogeneity of the human
AML disease. Specifically, we generated four PDX models from four
independent specimens from patients with AML containing various
combinations of oncogenic mutations in TET2, FLT3, NPM1, NRAS,
PTPN11, and others, commonly reported in human AML (table S3).
Primary AML cells were xenografted into NSG-SGM3 mice pretreated
with busulfan. When recipient mice had successfully engrafted AML
cells in the BM, the mice were treated with YL-5092 or vehicle for
21 days (Fig. 6A). During the experiment, no weight loss was ob-
served (fig. S15, F to I), and YL-5092 treatment substantially decreased
leukemia burden in the BM compared with the control group across
all four PDX models tested (Fig. 6, B to F) and substantially pro-
longed the overall survival of the treated PDX-4 mice (Fig. 6G). We
next also wanted to assess the efficacy of YL-5092 on LSCs in vivo.
To this end, we serially transplanted the BM cells harvested from
primary xenografts treated with vehicle or YL-5092 into secondary
recipients. Serial transplantation is a functional test of LSCs when
studying genetic and pharmacological perturbations (38, 39). At the
end point, the mice that received the YL-5092-treated BM samples
demonstrated a marked loss in leukemia reconstitution capacity
compared with the vehicle control, indicating that YL-5092 had
markedly impaired the LSC compartment required to drive long-
term leukemic propagation (Fig. 6, H to K). Together, these results

80of15



SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

A

/ a Treatment period
YL-5092 (70 mg/kg, ip)

B MOLM-13
Vehicle

0.2

| i 1 1 1 > 1.0
[ [ [ I [ v 08
Day 0 Day 4 Day 9 Day 13  Day 17 Sunvival .
o L e - monitoring 0.6 x 10
04
Imaging Imaging Imaging Imaging 02
Radiance
(p/s/cm?/Sr)
C D E F
MOLM-13 U937 U937
30 100 100 ~ 304 ""P<0.0001
3 2 £ o0 £77 3
) 25 S 80 =~ 80 o
3 g 2 < 20
> 2.0 3 60 s 60+ c
T x 108 X »
~ s 1% 3 40— Vehice @ 40— Vehicle 3
8 & 50— YLS5002 § 20 Y8092 S0
o 05 e “p = 0.0009 b **p = 0.0006 2
=l ' o 0 tt T T T 7 o0 tt T T T 1
( 27::27;3 0 510 15 20 25 30 0 510 15 20 25 30
P Time after transplantation (d) Time after transplantation (d) Vehicle YL-5092
G H J
Vehicle YL-5092
U937 U937 15— B3 Vehicle J YL-5092
*k . =3 ) ©
sg P <0.0001 120 P <0.0001 g - o 2 . .
o] o S S ~ S S 29
» S S o o9 =
40 90 w 1044 S S S 1 S =
oS v N S a v n
I a I i a a
H a [|° : i

N
o

N

o
w
o

AML cells in live spleen (%)
w
o
AML cells in live BM (%)
(2]
o

o

o
Anti-hCD45

Vehicle YL-5092

Vehicle YL-5092

o o
o (4]

1
=msme— 0 wp

Relative normalized expression

T T T
MYC FOXM1 GINS1T MCM2 MCM4 MCM5

Fig. 5. Treatment with YL-5092 inhibits leukemogenesis. (A) Schematic of the MOLM-13 and U937 xeno-transplantation model and treatment workflow. Treatment
with vehicle or YL-5092 (70 mg/kg, ip, b.i.d.) was initiated 4 days after transplantation and lasted for 18 days. (B and C) Bioluminescence imaging of MOLM-13 (B) and
U937(C) xeno-transplanted mice treated with vehicle or YL-5092, taken on days 4, 9, 13, and 17 (n = 5, biological replicates). (D and E) Kaplan-Meier survival curves of
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##%P < 0,001 and ***#P < 0.0001.

demonstrate that the pharmacological inhibition of YTHDCI1 by
YL-5092 substantially suppresses leukemia progression and impairs
functional LSCs from genetically heterogeneous primary AML
specimens in vivo.

Despite the excellent performance of YL-5092 in treating hu-
man AML as a single agent, we propose that future development of
YTHDCI inhibitors in the AML clinic will inevitably need to test
its therapeutic potential in combination with standard AML thera-
pies, given the complex disease heterogeneity of human AML. To
this end, we next examined the ability of YL-5092 in combination
with the widely used AML therapy venetoclax plus azacitidine
(Ven/Aza) (35, 40). We found that YL-5092 exhibited a strong syn-
ergistic effect with the small-molecule selective B cell lymphoma-2
(BCL-2) inhibitor venetoclax in treating AML cell line MOLM-13
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cells in vitro (Fig. 7, A and B). To investigate the combinatorial
mechanism, we performed RNA-seq analysis on MOLM-13 AML
cells under four conditions: control, YL-5092, Ven/Aza, and combi-
nation. The unsupervised clustering of differentially expressed genes
(data file S1) revealed nine distinct expression patterns (fig. SI6A).
Clusters 2 and 4 exhibited genes up-regulated/sustained by Ven/Aza
but suppressed by YL-5092 or combination (fig. S16B), suggesting
that these genes may mediate resistance to Ven/Aza that is counter-
acted by YL-5092. The pathway analysis of clusters 2 and 4 high-
lighted enrichment for known Ven resistance pathways, including
oxidative phosphorylation, electron transport chain complexes,
and a previously reported Ven resistance gene signature (fig. S16C)
(41). This aligns with established literature linking Ven resistance
to mitochondrial biology (42, 43). Thus, YL-5092 may enhance
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Fig. 6. Single-agent activity of YL-5092 in PDX mouse models. (A) Schematic of the patient-derived xeno-transplantation AML mouse model. Treatment with vehicle
or YL-5092 (70 mg/kg, ip, b.i.d.) was initiated 10 days after transplantation and lasted for 21 days. (B to E) Flow cytometric quantification of patient AML (human
CD457CD33%) cells in the BM from PDX-1 (B), PDX-2 (C), PDX-3 (D), and PDX-4 (E) mice after the 21-day full treatment (n = 5, biological replicates). (F) Representative flow
cytometric plots of patient-derived AML cells in the BM from PDX-1 are shown, as related to (B). n = 5, biological replicates. (G) Kaplan-Meier survival curves of AML PDX
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TVI, tail vein injection; BU., busulfan.

Ven/Aza efficacy by suppressing these resistance-associated path-
ways. We next assessed the efficacy of Ven/Aza + YL-5092 across
different AML subtypes. The analysis of primary AML specimens
with different fusion gene status, cytogenetic profile, clinical risk
category, and mutational status of key driver genes (KRAS, TP53,
FLT3, NPM1, DNMT3A, and TET?2) revealed no significant differ-
ential sensitivity to the combination therapy (fig. S17), suggesting
that YL-5092 could be broadly effective in primary AML. Subse-
quently, we tested YL-5092 at a lower dose of 50 mg/kg and a short-
er treatment time in combination with standard AML therapy Ven/
Aza in CDX and PDX models of human AML. As shown in Fig. 7
(C to F), YL-5092 or Ven/Aza treatment alone decreased leukemic
burden and extended survival of the recipient mice to a degree, and
the YL-5092 + Ven/Aza combination exhibited an even stronger
antileukemia effect and extension of survival compared with the
single arms. Similarly, combined treatment on the PDX model can
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also reduce the leukemia burden in the BM of mice and prolong
their survival time (Fig. 7, G to I).

Last, we evaluated the impact of YL-5092 on normal hematopoietic
stem/progenitor cell functions to address the potential concern about
its toxicity toward the hematopoietic system. To this end, we extensively
treated human CB-engrafted mice with 3 weeks of YL-5092 (70 mg/kg) or
vehicle control. We observed that treatment of YL-5092 did not reduce the
total engraftment potential of two independent CB specimens compared
to the vehicle group (fig. S18, A and B). Besides, YL-5092 treatment also
did not impair the percentage of differentiated CD15" granulocytes,
CD14" monocytes, and CD3" lymphocytes or the more primitive
CD34* HSPCs and CD38" progenitor cells (figs. S18C). In addition,
we assessed the impact of YL-5092 on HSC self-renewal via an alterna-
tive functional assay, where we first treated a CB specimen with YL-5092
in a culture dish and then engrafted the treated specimen in immunode-
ficient mice. This experiment could directly test whether YL-5092 had
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Fig. 7. Therapeutic efficacy of YL-5092 combined with Ven/Aza. (A) Viability of MOLM-13 cells treated with YL-5092 + Ven/Aza at various dose combinations. Numbers
indicate mean viability. Data are presented as averages of three technical replicates from three independent experiments. (B) Heat map showing the Bliss synergy scores
of synergies for YL-5092 in combination with venetoclax at fixed dose combinations in MOLM-13 cells. (C) A diagram depicting workflow and design of the regimens used
for in vivo treatment. (D) Bioluminescence imaging of MOLM-13 xeno-transplanted mice treated with YL-5092, Ven/Aza, or triple-drug combination, taken on day 14 (n =5,
biological replicates). (E) Quantification of bioluminescence signal for MOLM-13 xeno-transplanted mice after treatment with YL-5092, Ven/Aza, or triple-drug combina-
tion (n = 5, biological replicates). Data are presented as averages + SD. (F) Kaplan-Meier survival curves of MOLM-13 xeno-transplanted mice treated with YL-5092, Ven/
Aza, or triple-drug combination (n = 6, biological replicates). (G) Diagram depicting workflow and design of the regimens used for in vivo treatment. (H) Impact of in vivo
YL-5092, Ven/Aza, or triple-drug combination treatments on the BM tumor burden of PDX (n = 5, biological replicates). Data are presented as averages +SD. (I) Kaplan-
Meier survival curves of AML PDX mouse model (PDX-4) treated with YL-5092, Ven/Aza, or triple-drug combination (n = 10, biological replicates). Statistical differences
were determined by unpaired two-tailed Student’s t test [(E) and (H)] and log-rank (Mantel-Cox) test [(F) and (I)]. **P < 0.01, ***P < 0.001, and ****P < 0.0001.

impaired the self-renewing HSC subcompartment. Our results showed that
both 1 and 3 pM YL-5092 had negligible impact on the final engraftment of
the normal HSCs (fig. S18D). Similarly, we observed that the combination of
YL-5092 and Ven/Aza also had no substantial impact on the engraft-
ment and lineage reconstitution function of hematopoietic stem/pro-
genitor cells (fig. S18E). In summary, these data demonstrate a promising
preclinical potential of YL-5092 in treating human AML both as a
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single agent and in combination with venetoclax-based therapies
without overt toxicity toward the normal hematopoietic system.

DISCUSSION
RNA modifications are widespread in various RNA types and have
emerged as a key regulatory mechanism in posttranscriptional
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control of gene expression. Recent years have witnessed a burst of in-
terest in understanding of the RNA modification biology that is often
referred to as epitranscriptomics (44, 45). Currently, more than 170
distinct RNA modifications on cellular RNA have been identified
(46). The RNA m°A modification is the most abundant modifica-
tion of RNA in eukaryotic cells and is essential for multiple physio-
logical processes (I, 2, 45, 47). The malfunctions of the cellular
machinery regulating the m®A modification—including writers (48),
erasers (3, 49, 50), and readers (10-18, 51-56)—have been linked to
pathologies such as cancer (57, 58), obesity (59-61), and neurode-
generation (25, 62). Therefore, the m®A modification machinery has
recently attracted great attention from the drug discovery commu-
nity. Recent advances in epitranscriptomic drug finding have
yielded multiple potent small-molecule inhibitors targeting m°A
regulatory proteins, including methyltransferase-like protein 3
(METTL3), fat mass and obesity-associated protein (FTO) de-
methylase, YTHDF2, and IGF2BP2 readers, demonstrating promis-
ing therapeutical potential for related disease treatment (49, 63-69).
Despite these developments, the pharmacological targeting land-
scape remains incomplete, given that no potent YTHDCI inhibitors
with validated in vivo efficacy have been reported to date. Whether
small molecules targeting YTHDC1 have therapeutical potential
against related diseases remains unknown. We here report YL-5092
as a first-in-class inhibitor of m°A reader YTHDCI and demonstrate
its promising therapeutic potential in treating human AML.

YL-5092, as reported here, is a highly potent and selective YTHDC1
inhibitor with a single-digit nanomolar potency (ICsp = 7.4 nM), which
was found through structure-guided stepwise optimization toward
ahit compound (Hit-1). The potency and selectivity of YL-5092 were well
explained by the x-ray crystal structure of the YTHDC1-YL-5092
complex. We demonstrated the target engagement of YL-5092 in
living leukemic cells and showed that this compound decreased the
stability of the mRNA targets of YTHDCI1. YL-5092 also evidently
suppressed the LLPS mediated by YTHDC1, which is critical for ex-
ecuting the biological function of YTHDCI1. Of importance is that
YL-5092 potently induced cell death in various AML cell lines and
primary AML specimens. Our results support the previous findings
that YTHDC1 is overexpressed in AML and is required for the sur-
vival of human AML cells. In addition, it is worth mentioning that
YL-5092 may also be effective in treating some solid tumor types
where YTHDC is essential.

YL-5092 displayed potent in vivo antileukemic activity in xeno-
graft models derived from multiple AML cell lines and specimens of
patients with primary AML of complex disease heterogeneity. To
assess the impact of YTHDCI inhibition on LSC function, we per-
formed secondary transplantation assays to evaluate residual LSC
activity in primary xenografts treated in vivo with YL-5092. The re-
sults demonstrated substantially reduced engraftment potential in
secondary recipients, indicating impairment of the LSC compart-
ment by YL-5092. These findings align with prior studies establish-
ing YTHDCI’s role in LSC maintenance (12). Although these data
robustly demonstrate functional LSC suppression, future studies us-
ing limiting dilution assays could provide more precise quantifica-
tion of the fold of reduction in LSC frequency. Moreover, a lower
dosage of YL-5092 combined with Ven/Aza, a newly approved stan-
dard care for patients with AML in clinical practice, showed excel-
lent combinatorial therapeutic efficacy in both CDX and PDX models.
Furthermore, we propose that future studies should thoroughly
characterize the potential mechanisms underlying the YL-5092 and
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Ven/Aza combination therapy in AML and identify AML subtypes
sensitive to this regimen.

This study has some limitations. First, our current studies have not
identified a specific AML subtype exhibiting heightened sensitivity to
YL-5092. We will use a broader panel of primary patient samples
in future investigations. This expanded analysis aims to delineate
YL-5092-sensitive AML subtypes, thereby providing a foundation
for the precise treatment of AML. Second, although we have under-
taken preliminary safety studies, our research into the safety profile
of YL-5092 is still insufficient. Our existing data indicate that YL-
5092 had no obvious toxicity at the therapeutically effective dose
in mice. Previous studies have shown that, although YTHDCI1 is
required for the survival and self-renewal of both LSCs and HSPCs,
YTHDCI1 haploinsufficiency only reduces the self-renewal of
LSCs but not HSPCs in vivo (12). This differential sensitivity likely
stems from the greater reliance of AML cells, which frequently over-
express YTHDCI, on YTHDCI function compared with normal
HSPCs. This provides a theoretical basis for achieving a therapeutic
window using YL-5092 to target AML while sparing normal he-
matopoiesis. Consistent with these results, YL-5092 at the desired
dose could efficiently impair functional LSCs while sparing normal
HSPCs, demonstrating a favorable therapeutic window for leukemia
treatment. Nonetheless, the clinical safety of YL-5092 still needs to be
thoroughly investigated in future studies.

In summary, we have identified a highly potent and selective
first-in-class YTHDCI1 inhibitor and have demonstrated its strong
antileukemic activity toward human AML while largely sparing
normal hematopoiesis. This compound, used alone or in combina-
tion with the newly approved standard care of AML (Ven/Aza),
demonstrates potent in vivo antileukemic activity, providing the
proof of principle that targeting YTHDCl is a promising strategy
for leukemia treatment.

MATERIALS AND METHODS

Study design

The primary objective of this study was to identify a potent and se-
lective small-molecule inhibitor of YTHDC1 and examine its anti-
AML activity and impact on normal hematopoietic cells. We initially
identified a hit compound, Hit-1, via FP-based screening. The crys-
tal structure of the Hit-1 complex was determined by x-ray crystal-
lography, which informed a structure-based optimization strategy
leading to the highly active compound YL-5092. This compound
was extensively characterized through a series of in vitro and in vivo as-
says, including DSE, SPR, CETSA, FRAP, gPCR, RIP-qPCR, RNA-seq,
and SLAM-seq, as well as assessments of cell proliferation, cell cycle
progression, apoptosis, and differentiation. In vivo studies included
PK profiling and efficacy evaluations in CDX and PDX models of
human AML. To ensure experimental reproducibility, mice were ran-
domly assigned to groups. Although the experiments were not con-
ducted in a blinded manner, each study included multiple animals
(n =5 to 10 per group). Statistical methods and experimental repli-
cates are detailed in the respective figure legends, and a complete
description of materials and methods is available in the Supplemen-
tary Materials.

Statistical analysis
All data were analyzed with GraphPad Prism 8.0 software. Statistical
comparison between different groups was performed by one-way
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or two-way analysis of variance (ANOVA), unpaired two-tailed
Students ¢ test, multiple # tests, or log-rank (Mantel-Cox) test. Differences
were considered statistically significant when P < 0.05, *P < 0.05,
**P < 0.01, #**P < 0.001, and ****P < 0.0001.
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Tables S1to S5

Spectral data for compounds

NMR spectra of all compounds

HRMS spectra of all compounds
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Editor’'s summary

N6-methyladenosine (MGA) is a common posttranscriptional modification of MRNA and is recognized and bound by
mMGA reader proteins, which can then affect mMRNA regulation and fate. Dysregulation of m6A readers is associated
with the progression of various cancers, and here, Zhang et al. developed and characterized a selective first-in-

class inhibitor of YTHDC1, a nuclear RNA m6A reader. In models of acute myeloid leukemia (AML), their compound,
YL-5092, blocked the binding of YTHDC1 to m6A substrates and resulted in the apoptosis of AML cells. In mice,
YL-5092 reduced the progression of leukemia and increased survival. This work demonstrates the therapeutic potential
of targeting an mGA reader in the treatment of AML. —Amy E. Baek
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