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ABSTRACT: SMYD3 has been implicated in a range of
cancers; however, until now no potent selective small molecule
inhibitors have been available for target validation studies. A
novel oxindole series of SMYD3 inhibitors was identified
through screening of the Epizyme proprietary histone
methyltransferase-biased library. Potency optimization af-
forded two tool compounds, sulfonamide EPZ031686 and
sulfamide EPZ030456, with cellular potency at a level sufficient to probe the in vitro biology of SMYD3 inhibition. EPZ031686
shows good bioavailability following oral dosing in mice making it a suitable tool for potential in vivo target validation studies.
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Set and Mynd Domain containing 3 (SMYD3) is a lysine
methyltransferase (KMT) expressed at high levels in a

number of different cancer histologies and is associated with a
poor clinical prognosis.1−10 While no single mechanism has
emerged to explain this correlation, a number of studies have
implicated SMYD3 in the regulation of gene transcription and
signal transduction pathways critical for cell survival in breast,
liver, prostate, pancreatic, and lung cancer models.4,7−9

In addition, considerable evidence has been reported in the
literature showing that genetic knockdown of SMYD3 leads to
a decrease in proliferation of a variety of cancer cell lines.4,7−9,11

Two studies, employing RNAi-based technologies, have shown
that ablation of SMYD3 in hepatocellular carcinoma cell lines
greatly reduces cell viability and that its pro-oncogenic role is
dependent on its catalytic activity.7,9 Moreover, SMYD3 has
also been shown to be a critical mediator of transformation
induced by a KRAS gain-of-function mutation in both
pancreatic and lung adenocarcinoma mouse models; these
models were likewise dependent on the catalytic activity of
SMYD3.11

The biological function of SMYD3 is still poorly understood.
Early studies of SMYD3 suggested that its primary function is
to methylate histones. Indeed, several reports have indicated
that SMYD3 modifies histone H3 on lysine 4,9,12 but have also
identified a novel modification of histone H4 on lysine 5.7 The
results of these studies have not yet yielded a clear picture of
how SMYD3 might be regulating chromatin, but a recent study
has strongly implicated SMYD3 as a direct regulator of MAPK
pathways in the cytoplasm and not as a regulator of
transcription. MAP3K2 (MEKK2) was shown to be trimethy-
lated at lysine 260 by SMYD3. Modification of this residue

leads to enhanced downstream MAPK activation and appears
to be critical for mutant KRAS driven oncogenesis.11

SMYD3’s role in cancer cell line proliferation, its effect on
known oncogenic signal transduction pathways, and the
association of SMYD3 mRNA expression with aggressive
transformed phenotypes make SMYD3 an attractive target for
therapeutic intervention. We report here the first potent and
selective small molecule inhibitors suitable for target validation
studies.
Compound 1 was identified as a micromolar inhibitor of

SMYD3 through screening of Epizyme’s proprietary histone
methyltransferase-biased library. The 1.5 Å resolution crystal
structure of 1 was solved in a ternary complex with SMYD3 and
SAM and revealed the oxindole headgroup made several
hydrophobic and electrostatic interactions with the lysine
pocket of SMYD3 (Figure 1). The oxindole carbonyl forms a
hydrogen bond to the side chain of Ser202 and is within 2.9 Å
of the SAM methyl group. The aromatic ring system forms a π-
stacking interaction with Phe183, while the oxindole nitrogen
makes water-mediated contacts with the protein. The amide of
the linker engages the protein via two hydrogen bonds that
could mimic a protein substrate. The piperidine tail of 1,
positioned in the large, solvent filled peptide binding site,
engaged a water mediated interaction with the side chain
carboxyl of Glu192.
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Since crystallography revealed that both Glu192 and Asp241
were within 3.5 Å of the piperidine nitrogen of 1 initial design
and synthesis of analogues focused on introduction of a basic
center in an attempt to interact with one of these acidic
residues and boost potency. Indeed, the propylamino-
sulfonamide analogue, 2, was over 10-fold more potent in the
biochemical assay than the starting hit, 1. Introduction of a
chlorine group onto the oxindole ring, compound 3, was
tolerated. Constraint of the basic side-chain in the piperidine
derivative 4 resulted in a nominal 2-fold potency improvement
over the propylamine analogue 2 (Table 1).
Further restriction of conformational freedom with the

bridged piperidine core, compound 5, gave a 17-fold potency
improvement over 4. However, despite the single-digit
nanomolar biochemical potency of compound 5 and its
chloro-oxindole derivative 6 the cellular activity was still in
the micromolar range. This weak cell potency could be
attributed to the physicochemical property space of the
compounds, in particular the polarity and high number of
hydrogen bond donors. This hypothesis is supported by the
improvement in cell-to-biochemical shift seen with
EPZ031686, which has one of the H-bond donors blocked
and increased lipophilicity. EPZ031686 is the first SMYD3
inhibitor identified to show double-digit nanomolar cellular
activity.

Decreased biochemical potency was seen when the oxindole
NH was methylated in compound 8, which is not unexpected
as this would interrupt the water mediated H-bond interaction
to protein observed from this position by crystallography.
There is some tolerance in placement of the basic center as the
3-methylpiperidines, 10 and 11, and the cyclohexylamine 12
retain good biochemical potency (Table 2).
Analogues with sulfamide linkers also showed potent

biochemical activity (Table 3). As seen for the sulfonamide
series, cellular potency could be improved by blocking H-bond
donors, compounds 14 and 15 compared to 13, and increasing
lipophilicity, EPZ030456. The 6-chloro- and 6-fluoro-sub-
stituted oxindoles (13 and 16) showed similar biochemical
potency to the compound with no substitution in this position
(18).
The two most cell potent compounds, EPZ030456 and

EPZ031686, were further characterized. Both compounds
showed <30% inhibition against 16 histone methyltransferase
targets at a 10 μM screening concentration.13 Determination of
IC50 against the highly homologous SMYD2 enzyme showed
both compounds to have IC50 > 50 μM.
A crystal structure of EPZ030456 was solved and revealed

unambiguous density for the oxindole headgroup, amide
sulfamide linker, and piperidine ring, while no density was
seen for the terminal benzyl tail (Figure 2). The oxindole
groups of 1 and EPZ030456 are superimposable and make all
the expected interactions previously described. The main chain
of Leu240 and side chains of Met190 and Val368 engage the
compound through van der Waals interactions as it spans the
width of the peptide binding site. Intriguingly, EPZ030456
binds with low nanomolar affinity although the compound
makes few specific interactions with the protein beyond the
headgroup and amide linker. Electrostatic and water mediated
interactions, unseen in the crystal structure, as well as the
rigidity of the compound, are likely important to the potency of
EP030456.
To understand further the inhibition of SMYD3 by

EPZ030456 and EPZ031686, we determined their mechanism
of action (MOA). Both compounds were essentially non-
competitive with respect to both substrates. EPZ030456 is best
described by mixed-type inhibition with respect to SAM with a
Ki = 4.7 ± 1.8 nM and αKi = 1.1 ± 0.1 nM and is
noncompetitive versus MEKK2 with a Ki = 1.3 ± 0.1 nM

Figure 1. Structure of 1 (cyan) in complex with SMYD3 (green) and
SAM (yellow) (PDB ID 5CCL). Electron density (2Fo−Fc, 1σ) for
the compound is shown. Hydrogen bonds are indicated as dashed
lines.

Table 1. Piperidine Oxindole Compounds

aIC50s were determined from at least two independent experiments; see Supporting Information for details. bTrimethyl MEKK2 in Cell Western
Assay; details in Supporting Information.
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(Supplementary Figure 2, Supplementary Table 1).
EPZ031686 displays noncompetitive inhibition with respect
to SAM and MEKK2 with a Ki = 1.2 ± 0.1 and 1.1 ± 0.1 nM,
respectively (Supplementary Figure 3, Supplementary Table 1).
Observation of compound binding in the lysine pocket in the
crystal structures suggests that these compounds would be

competitive with respect to MEKK2; however, the observed
mechanism is noncompetitive. We hypothesize that MEKK2
derives significant binding affinity from interactions with

Table 2. Bridged Piperidine Sulfonamide Analogues

aIC50s were determined from at least two independent experiments; see Supporting Information for details. bTrimethyl MEKK2 in Cell Western
Assay; details in Supporting Information.

Table 3. Bridged Piperidine Sulfamide Analogues

# R2 R4 R5 cLogP

SMYD3
biochemical
IC50 (nM)a

SMYD3
ICWb IC50
(nM)a

13 Cl H H −0.77 1 1100
14 Cl H Me −0.34 2 420
15 Cl Me Me 0.04 3 300
EPZ030456 Cl H Bn 1.38 4 48
16 F H H −1.23 5 530
17 Me H H −0.86 16 410
18 H H H −1.38 1 850

aIC50s were determined from at least two independent experiments;
see Supporting Information for details. bTrimethyl MEKK2 in Cell
Western Assay; details in Supporting Information.

Figure 2. (A) Structure of EPZ030456 (cyan) with SMYD3 (green)
and SAM (yellow) (PDB ID 5CCM). Electron density (2Fo−Fc, 1σ)
for the compound is shown. Hydrogen bonds are indicated as dashed
lines. (B) The headgroup of EPZ030456 (cyan) superimposes well
with the oxindole of compound 1 (gray), while the saturated ring
linkers take divergent paths in the active site.
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SMYD3 outside of the lysine pocket (i.e., exosite binding) such
that these small molecules cannot displace the protein
substrate; noncompetitive inhibition by active site-directed
small molecule inhibitors is a well established phenomenon for
enzymes acting on macromolecular substrates.14

The two lead compounds were evaluated for in vitro
metabolic stability and permeability to determine their
suitability for in vivo PK determination. With a mean scaled
clearance of 34 mL/min/kg in mouse liver microsomal
incubations, EPZ030456 was slightly less stable than
EPZ031686 (24 mL/min/kg). EPZ030456 also had a lower
apical-to-basolateral apparent permeability (Papp= 0.34 ± 0.22 ×
10−6 cm/s) in Caco-2 cells than EPZ031686 (Papp= 0.64 ±
0.20 × 10−6 cm/s). Both compounds were subject to active
efflux in the Caco-2 cells, with efflux ratio values of 104 and 41,
respectively. EPZ030456 and EPZ031686 had a free fraction
of 0.32 ± 0.035 and 0.53 ± 0.12 in mouse plasma, respectively.
Thus, overall, EPZ031686 had a more favorable in vitro ADME
profile than EPZ030456.
Pharmacokinetic (PK) studies in CD-1 mice were performed

by intravenous (i.v.) bolus and oral gavage (p.o.) admin-
istration. EPZ031686 blood PK parameters derived from
noncompartmental analysis are displayed in Table 4. No

significant blood to plasma partitioning was observed for this
compound. Male mice administered a single dose of
EPZ031686 at 1 mg/kg by i.v. bolus showed a moderate
clearance (CL) of 27 ± 3.9 mL/min/kg, in very good
agreement with the mouse microsomal data, with a volume
of distribution at steady state (Vss) of 2.3 ± 0.29 L/kg,
translating to a mean terminal half-life (t1/2) of 1.7 ± 0.13 h.
Approximately 20% of the administered dose was excreted
unchanged in urine after 24 h, equivalent to a renal clearance
(CLr) of 5.3 ± 1.6 mL/min/kg. Following 5 and 50 mg/kg p.o.
dosing, both Cmax and AUC0‑last increased in a slightly higher
than dose-proportional manner, while t1/2 remained unchanged,
suggesting a possible saturation of intestinal efflux. Bioavail-
ability (F) of 48 ± 5.4% and 69 ± 8.2% was observed at 5 and
50 mg/kg, respectively, leading to EPZ031686 unbound blood
concentration remaining above the SMYD3 ICW IC50 value for
more than 12 h after a 50 mg/kg p.o. administration. In
contrast, EPZ030456 solubility was not sufficient to be
formulated for oral dosing at >30 mg/mL using a vehicle
amenable to repeat dosing.
In conclusion, we report here the first potent, selective, small

molecule SMYD3 inhibitors, sulfonamide EPZ031686 and
sulfamide EPZ030456, with cellular potency suitable to probe
the in vitro biology of SMYD3 inhibition. Further character-

ization of EPZ031686 showed it to have good bioavailability
following oral dosing in mice making it a suitable tool for
potential in vivo target validation studies.
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