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ABSTRACT: SETD8/SET8/Pr-SET7/KMTSA is the sole
protein lysine methyltransferase (PKMT) known to mono-
methylate lysine 20 of histone H4 in vivo. SETD8’s
methyltransferase activity has been implicated in many
essential cellular processes including DNA replication, DNA
damage response, transcription modulation, and cell cycle
regulation. Developing SETDS inhibitors with cellular activity
is a key step toward elucidating the diverse roles of SETDS8 via
convenient pharmacological perturbation. From the hits of a
prior high throughput screen (HTS), SPS8I1-3
(NSC663284, BVT948, and ryuvidine) were validated as
potent SETD8 inhibitors. These compounds contain different
structural motifs and inhibit SETDS8 via distinct modes. More

Orthogonal SETD8 inhibitors
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importantly, these compounds show cellular activity by suppressing the H4K20mel mark of SETD8 and recapitulate
characteristic S/G2/M-phase cell cycle defects as observed for RNAi-mediated SETD8 knockdown. The commonality of
SPS8I1—3 against SETDS, together with their distinct structures and mechanisms for SETD8 inhibition, argues for the collective

application of these compounds as SETD8 inhibitors.

P roteome-wide methylation of lysine residues is an
enzymatic posttranslational modification with multifaceted
biological outcomes."” This process is catalyzed by protein
lysine methyltransferases (PKMTs), which deposit the
sulfonium methyl group of the cofactor S-adenosyl-L-
methionine (SAM) on diverse histone and nonhistone
targets."”> Among more than 50 PKMTs encoded by the
human genome, SETD8/SET8/Pr-SET7/KMTSA is the sole
PKMT known for the in vivo monomethylation of histone H4
lysine 20 (H4K20me1).>* The level of the SETDS8 protein is
finely tuned by multiple E3 ligases throughout a cell cycle with
the highest level at G2/M phase and the lowest level at S
phase.” Disruption of endogenous SETDS, accompanied by
suppression of H4K20 monomethylation, leads to cell cycle
defects, chromatin decondensation, and enlarged nuclei,
indicating the essential role(s) of SETD8 in DNA repli-
cation.'®”"* SETD8 also methylates nonhistone targets such as
proliferating cell nuclear antigen (PCNA), the tumor
suppressor p53, and the p53-stabilizing factor Numb.'*™'¢
Methylation of p53 or Numb results in the downregulation of
apoptosis either by antagonizing pS3 acetylation, which is
required for pS53-mediated transcriptional activation, or
promoting pS3 ubiquitination for degradation.'™'® These
findings associate the functions of SETD8 with transcriptional
regulation and DNA damage response. Inhibition of SETDS is
thus expected to show a proapoptotic phenotype through the
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depletion of H4K20 monomethylation, which leads to cell cycle
arrest, or p53/Numb-mediated methylation, which results in
the upregulation of pS3 target genes.'*'> SETDS has been
further implicated in cancer invasiveness and metastasis
through its interaction with TWIST,"” a master regulator in
epithelial—mesenchymal transition.

The sheer scope of SETD8-associated biology highlights the
importance of accessing SETDS8 inhibitors, which enable
convenient dissection of the functions of SETD8-mediated
methylation. Despite such need, few inhibitors of high quality
have been reported so far for SETD8 (also see Note),'®' as
well as for other PKMTs implicated in epigenetics and
disease.”® Development of PKMT inhibitors aiming at both
specificity and potency can be challenging because most
PKMTs contain highly similar pockets for binding the SAM
cofactor and less-structured regions for binding protein
substrates.”® A few examples of potent, selective PKMT
inhibitors with demonstrated cellular activities include the
chemical probes of G9a/GLP (e.g,, UNC0638 and BRD4770),
DOTIL (e.g, EPZ000477), and EZH1/2 (e.g, GSK126, EPZ-
005687/6438 and EI1).>'2° Prior efforts aimed at SETDS
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Figure 1. Chemical structures, in vitro ICs, and selectivity of SETDS inhibitors SPS8I1—3. (a) Chemical structures of the three HTS hits with
quinonic moieties highlighted in red. SPS8I1 (NSC663284), SPS8I2 (ryuvidine), and SPS8I3 (BVT948) were identified by HTS as potential
SETDS inhibitors and validated in the current work. (b) Dose—response curves of SPS8I1—3. The ICj, values of SPS811—3 against SETDS8 were
measured by the secondary filter paper assay using a low ratio of SAM/peptide/enzyme = 0.75:1.5:1 (see Supporting Information). (c) Selectivity of
SPS811—3 against a panel of PMTs. The magnitude of ICs, values of SPS811—3 is presented against nine phylogenetically related PMTs (their ICs,
values are listed in Supplementary Table S1). The diameters of symbols are proportional to the reciprocal values of ICy, and thus higher potency of

individual inhibitors. “@” for SPS8I1, “xL” for SPS8I2 and “+” for SPSS8I3.

inhibition have also led to several compounds such as nahuoic
acid A" and bis(bromo/dibromo-methoxylphenol) deriva-
tives'® as in vitro SETDS inhibitors. However, these compounds
have not demonstrated high selectivity or cellular activity
against SETDS8. The state of the field thus prompted us to
explore other small-molecule scaffolds for SETD8 inhibition.
We recently formulated a radioactivity-based scintillation
proximity imaging assay (SPA) in a high throughput screening
(HTS) format with the purpose of identifying novel SETD8
inhibitors.”” This assay relies on SETDS8 to transfer the
radioactive [*H-methyl] group from S-adenosyl-L-[*H-methyl]-
methionine to a biotinylated H4K20 peptide substrate. The
resultant radiolabeled peptide is immobilized onto steptavidin-
conjugated SPA imaging polystyrene beads. The proximity
between the f-emitting [*H-Me]-labeled peptide and the bead-
coated scintillation fluid triggers a luminescence signal, which
can be quantified using a LEADseeker system and is suppressed
if SETDS inhibitors are present in the methylation reaction.
After screening >5000 compounds from commercial sources
(e.g,, MicroSource, Prestwick, Tocris, and Sigma), we identified
4 hits, which preferentially suppress the SPA signal of SETD8
but not those of SETD7, SETD2, and GLP (>50% inhibition at
a concentration of 10 uM).*” In the present work, we
characterize these compounds and demonstrate that
NSC663284, BVT948, and ryuvidine (3 out of the 4 HTS
hits) inhibit SETD8 via different modes. NSC663284
(SPS811), ryuvidine (SPS8I2), and BVT948 (SPSSI3)
efficiently and selectively suppress cellular H4K20mel at
doses lower than S yM within 24 h (see Figure la for the
structures of SPS8I1—3). The cells treated with SPS8I1—3
(Small-molecule Pool of SETDS Inhibitor) recapitulate cell-
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cycle-arrest phenotypes similar to what were reported for
knocking down SETD8 by RNAi'' Given that the three
compounds have distinct structures and inhibit SETD8 in
different manners, they can be employed collectively as
chemical genetic tools to interrogate SETD8-involved methyl-
ation.

Among the compounds identified in the SPA-based HTS
assays of SETD8, SETD7, SETD2, and GLP, we focused on
validating the 4 compounds that were identified solely in the
HTS of SETD8.”” The dose—response curves of these
compounds against SETD8 were determined by a secondary
radiometric filter paper assay.”’ Here, the assay parameters
including the concentrations of [*H-methyl]-SAM, the H4K20
peptide substrate, and SETDS8 (a low ratio of SAM/peptide/
enzyme = 0.75:1.5:1) are similar to those used in the primary
SPA-based HTS (see Supporting Information). Three com-
pounds (SPS8I1—3) were confirmed as potent inhibitors of
SETDS8 with apparent ICs, values of 0.21 + 0.03 #M, 0.5 + 0.2
uM, and 0.7 £ 0.2 uM, respectively (NSC95397 was triaged
because of its high ICs, value of 82 uM) (Figure 1b). The ICs,
values largely reflect the interaction between SETDS8 and the
inhibitors because the concentrations of SAM (0.75 uM) and
the H4K20 peptide (1.5 uM) in the assay are far below the
values of K, san and K pigxa0 (24 £ 1 uM and 125 + 3 uM,
respectively, as will be reported elsewhere). The K, 114k value
is within 3-fold of that reported previously.”® It is worth noting
that the sub-uM ICs, of SPS8I1—3 may not fully reflect their
potency because these values fall into the micromolar range of
SETD8’s concentration used in the assay and thus represent the
lowest values that can be reliably measured under the current
settings (see Supporting Information). In addition, the
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Figure 2. Characterization and comparison of SETDS8 inhibition by SPS811—3. (a) Comparison of SPS811—3 as SETDS inhibitors in vitro and in a
cellular setting. The ICy, values of SPS811—3 were extracted from Figure 1b. The inhibition modes for SPS8I1—3 (SAM dependence, substrate
dependence, slow onset/irreversible characters) were summarized according to the data in panels b—e. Values of ki, and K were extracted from
Supplementary Figure S1. The ECs, values and cellular phenotypes of SPS8I1—3 are summarized according to the data in Figure 3. The off-target
effects of SPS8I1—3 on other PMTs were based on the data in Figure 1c. The bottom line lists the reported non-PMT targets of SPS811—3.3%73%
(b,c) Characterization of SAM-dependent inhibition of SETD8 by SPS8I1—3. Relative IC, values were defined as the ratios of ICy values for each
inhibitor (the concentration range of 0.1—100 4#M was examined) in the presence of the varied concentrations of the SAM cofactor or substrate in
the presence of the lowest concentration of SAM (1 M) or substrate (S M), respectively. These numbers were then plotted against the ratios of
[SAM]/K,,sam or [substrate]/ Ky, 100 (Kisam = 24 £ 1 M and Ky, paxao 0F Kiypep = 125 & 3 uM, as will be reported elsewhere), respectively. The
data were arbitrarily fit to 0—3 order exponential curves to show a general trend of ICg, versus the concentrations of SAM or H4K20 peptide. (d)
Time-dependent, slow onset inactivation of SETD8 by SPS8I1—3. After incubating with the inhibitors, the relative methyltransferase activity of
SETD8 was evaluated by measuring the initial rate and then plotted as the percentage of the loss of the activity versus the DMSO-treated control at
different time intervals. (e) Irreversible character of SETDS inhibition by SPS8I1—3. After preincubating SPS8I1—3 to inactivate SETDS, the
mixtures of SETD8 and inhibitors were diluted by 200-fold to lower the concentrations of inhibitors below their ICy, values. The residual
methyltransferase activity was monitored and presented as the percentage of the DMSO-treated control.

methyltransferases, including 6 PKMTs (SETD2, GLP, G9a,
SETD8, SMYD2, and SETD7) and 3 protein arginine
methyltransferases (CARMI1, PRMT1, and PRMT3) (Figure
1c; Supplmentary Tables S1 and S2). According to the 3 X 9
array of ICg, values, SPS8I1 (see discussion for its non-PMT
targets) was identified as the most potent and selective SETDS8
inhibitor with an apparent ICs, of 0.21 + 0.03 uM for SETDS,
which is 2.5-fold lower than that of its next hit SMYD?2 (0.5 +

apparent in vitro ICs, values of SPS8I1—3 may alter according
to the assay parameters such as the concentrations of reactants
and preincubation/reaction time (see discussion later) and the
unknown ratio of active versus misfolded SETD8 used in the
assay.

To evaluate the selectivity of SPS8I1—3 on SETDS8 versus
other PMTs, dose—response curves of these compounds were
compared among a phylogenic panel of representative human
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Figure 3. Cellular inhibition of SETD8 by SPS8I1-3. (a) Western blot of the H4K20me mark upon treatment with SPS811—3. The HEK293T cells
were treated with varied concentrations of SPS8I1—3 for 3 days (see Supplementary Figure SS for Day 3). The level of H4K20me was examined as a
cellular mark of SETD8’s methyltransferase activity with the levels of H4 and H4K20me2/3 as controls. (b) Cell cycle arrest phenotype associated
with SPS8I1—3. HEK293T cells were treated with varied concentrations of SPS8I1—3 for 3 days. The cell cycle distributions of the treated cells
were analyzed by flow cytometry. The distributions of cells in S phase and G2/M phase were plotted as their percentage changes in comparison with
the DMSO-treated controls. (c) Viability of HEK293T cells treated with SPS811—3. HEK293T cells were treated with the varied concentrations of
SPS8I1—3 for 3 days. Cell viability was determined by trypan blue staining with the DMSO-treated cells as the controls. Here the cells were treated
with 0, 1, and S uM of SPS8I1 (left panel); 0 and 1 M of SPS8I2 (central panel); 0, 1, and 3 uM of SPS8I3 (right panel).

0.2 uM) and >6-fold lower than those of other examined PMT's
(from 1.3 to >100 uM) (Figure 1c and Supplementary Table
S1). With the 2.5-fold ratio of ICy, values as a threshold,
SPS8I2 also demonstrates desired selectivity for SETD8 versus
other examined PMTs (Figure lc and Supplementary Table
S1). In contrast, SPS8I3 shows modest selectivity with
potential cross-inhibition against PRMT3, SETD2, and
CARM1 (Figure 1lc and Supplementary Table S1). In a
collective view, although the individual SPS8I1—3 might hit
multiple PMTs as well as other cellular targets (see discussion
later), all three compounds act on SETDS8 as the commonly
shared PMT target (Figures le, 2a).

Given that SPS811—3 are structurally distinct except for their
quinonic moiety (Figure la, highlighted in red), we reasoned
that they may act on SETDS differently (e.g, dependence on
cofactor or substrate). Inhibition of SETD8 by SPS8I1—3 was
thus examined by measuring relative ICs, values of each
inhibitor as a function of the ratios of the concentrations of
SAM and the H4K20 peptide substrate versus their respective
K., values (Figure 2b,c). SETDS8 inhibition mediated by the
three compounds (SPS8I1—3) shows a different behavior
toward the SAM cofactor with a SAM-dependent character for
SPS8I3 (the presence of SAM facilitates SETDS$ inhibition)
versus a SAM-independent character for SPS8I1 and SPS8I2
(Figure 2b). Concomitantly, SPS8I1 and SPSS8I3 are substrate-
dependent inhibitors, as shown by the increased IC, values in
the presence of high concentration of substrate, while SPS8I2 is
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a substrate-independent inhibitor (Figure 2c). Collectively, the
three compounds display different characters for SETDS8
inhibition within the examined concentrations of SAM and
H4K20 peptide, with SPS8I1 favoring the absence of substrate
while being insensitive to the presence of SAM, SPSS8I3
favoring the absence of substrate and the presence of SAM, and
SPS8I2 insensitive to the presence of both SAM and substrate
(Figure 2a). Although it is of our interest to explore whether
the same trend can be followed within a broader range of
concentrations of SAM and the H4K20 peptide (e.g,, under
saturation conditions), the high K, values (24 uM for SAM and
125 uM for peptide substrate) make it challenging to design
such experiments.

Given that SPS811—3 share a quinonic motif (Figure 1a) and
may act on reactive Cys residues by forming covalent adducts
as implicated elsewhere,”® we examined the mechanism of
SETDS8 inhibition by SPS8I1—3. Incubation of SPS8I1-3
causes a time-dependent inactivation of SETD8’s methyltrans-
ferase activity (Figure 2d; Supporting Information). SETDS8
inhibition, once achieved by SPS8I1—3, can be sustained over a
long period of time (at least 20 h, Figure 2e) even after diluting
out free inhibitors (Supporting Information). In contrast,
DMSO-treated SETDS is fully active during the period of
incubation (Figure 2d). Given the irreversible character of
SPS8I1—3-mediated SETDS8 inhibition, we further measured
their k;,,./K; values through time-dependent progression. The
Kinace values of 0.017—0.027 min~" and the K, values of 2—17

dx.doi.org/10.1021/cb500515r | ACS Chem. Biol. 2014, 9, 2471-2478
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#M indicate that SPS8I1—3 inhibit SETDS8 via an irreversible,
slow onset process (Figure 2a, Supplementary Figure S1). As
preliminary structure—activity relationship analysis, we also
collected three commercial available compounds whose
structures contain a quinonic motif and are related to
SPS8I1—3 (Supplementary Table S3). All of these compounds
are inert to SETD8 inhibition (Supplementary Table S3),
suggesting that SPS8I1—3’s special structures rather than the
general quinonic motif are essential for SETDS8 inhibition.

Structural alignment of the 6 PKMTs examined in the
current work (Figure 1c, Supplementary Figure S2a) highlights
that SETD8 and SMYD2 contain a distinct Cys residue
(Cys270 for SETD8 and Cys181 for SMYD2) around their
active sites (Supplementary Figure S2a). Given that SPSSI1
inhibits both SETD8 and SMYD2 (ICy, = 0.21 #M and 0.5 uM,
Figure lc, Supplementary Table S1), we examined whether
SETD8’s Cys270 is the target residue to form potential
covalent adducts for the observed inhibition. Remarkably,
SETD8’s C270S mutant is around 10-fold more resistant to the
inhibition of SPS8I1 and SPS8I2 (Supplementary Figure
S2b,c) and shows different Hill coefficients in comparison with
native SETD8 (Supplementary Figure S2b—d). In contrast,
SPS8I3 equally inhibits native SETD8 and the C270S variant
(Supplementary Figure S2d). SETDS8’s C270 was thus
identified as the relevant site for SPS8I1 and SPS8I2 to form
covalent adducts, while SPS8I3 may target Cys residues in a
more general manner. The different modes of inhibition of
SPS8I1—3 may rationalize the modest selectivity of SPS8I3
(SETD8, PRMT3, SETD2, and CARMI in Figure lc and
Supplementary Table S1) versus the higher specificity of
SPS8I1 and SPS8I2 (SETD2 and SMYD?2 in Figure lc and
Supplementary Table S1). Here we further performed a
Differential Scanning Fluorimetry (DSF) assay to examine
inhibitor-bound SETD8. The remarkable thermal shift of 3—6
°C with SYPRO Orange staining for SPS811-3 suggests that the
SETDS8-inhibitor adducts are more susceptible to thermal
denaturation and likely adopt less stable, catalytic-inactive
conformations (Supplementary Figure S3). In contrast, no such
thermal shift was observed for SPS8I1 and SPS8I2 against
SETDS8’s C270S mutant (Supplementary Figure S3). The
collective evidence thus argues that SPS8I1—3 are selective and
irreversible inhibitors of SETD8 with distinct structures and at
least two modes of interaction (Figure 2a). It remains
interesting to solve the structure of the inhibitor-bound
SETD8 to further elucidate the mode of interaction.

The irreversible character of SPS8I1—3, together with their
different dependence on SAM and substrate for SETDS8
inhibition, makes it challenging to evaluate these compounds
solely by their in vitro IC5, (or Ky values). We therefore
examined the efficiency of SPS8I1—3 by their ability to
suppress SETD8’s methylation mark, H4K20mel, under a
cellular setting. After treating HEK293T cells with SPS8I1-3,
H4K20mel was rapidly depleted within 24 h, and this effect
can be sustained for 3 days with a single -dose of 5 M SPS8I1,
1 yuM SPSS8I2, or S uM SPS8I3 (Figure 3a; Supplementary
Figures S4 and SS). H4K20mel remained low within 24 h after
the treatment with the three inhibitors, indicating that
SPS8I1—3 are potent SETDS8 inhibitors in the cellular setting.
In contrast, no significant change was observed for control
marks such as total H4, H4K20me2/3, H3, and H3K9me
(Figure 3a; Supplementary Figures S4a, SS). This conclusion
was further enforced by quantifying the relative ratios of
H4K20me and H4K20me2/3 versus H4 (Supplementary
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Figure S4b). Because the cells cannot sustain the treatment
longer than 3 days (data not shown), we did not further
examine other histone marks such as H3K9me2/3,
H3K27me2/3, and H3K79me2/3, whose depletion generally
takes at least 4 days”>** Here the time course of the
H4K20mel depletion is consistent with a previous observation
that H4K20mel is a dynamic histone mark and subject to rapid
methylation to H4K20me2/3 by SUV420H1/2."*%°7** The
pool of H4K20mel can be depleted by blocking its production
by SPS8I1-3, coupled with its rapid conversion to
H4K20me2/3 by SUV420H1/2. For the cells treated with
SPS8I1—3, we also noted a residual level of H4K20mel, which
might arise from the H4K20me intermediate during the
production of H4K20me2/3 by SUV420H1/2 rather than
insufficient inhibition of SETDS8 as also observed elsewhere
(Figure 3a)."® Collectively, these results demonstrated the
efficiency of SPS8I1—3 to inhibit SETD8 under a cellular
setting, accompanied by rapid depletion of H4K20mel, at a
single dose of 1—5 uM (Figure 2a).

After validating the efficiency of SETDS8 inhibition by
SPS8I1—3 in vitro and in a cellular setting, we further examined
the cell-cycle phenotype associated with the treatment of these
compounds. Several prior efforts have showed that RNAi-
mediated knockdown of SETD8 results in cell-cycle defects at S
phase and G,/M phase.'”"® These phenotypes can also be
recapitulated by knocking in catalytically dead SETDS8 as a
dominant-negative mutant.'' After treating HEK293T cells
with SPS8I1 at a single subtoxic dose of S uM (see viability in
Figure 3c), a significant portion of cells were accumulated at S
phase after 24 h in comparison with the controls (DMSO or a
less effective dose of 1 uM) (Figure 3b, Supplementary Figure
S6). The S phase delay was released after 24 h accompanied by
increased accumulation of the cells at G2/M phase (Figure 3b,
Supplementary Figure S6). A similar phenotype (an increased
population of S-phase at 24 h and then an increased population
of G2/M phase within 48 h) was also observed upon treating
the cells with SPS8I3 at a single dose of 3 uM (Figure 3b, right
panel). It is worth noting that the phenotype for SPS8I3
slightly differs from that of SPS8I1 with a more rapid G2/M
accumulation for the latter by 24 h. Treating HEK293T cells
with SPS8I2 at a single dose of 1 yM also caused S-phase
accumulation, although the S-phase arrest was sustained for at
least 48 h and did not proceed to G2/M phase as observed for
SPS8I1 and SPS8I3 (Figure 3b, middle panel). The slightly
different phenotypes of cell cycle defects observed for SPS8I1—
3 were likely caused by respective off-target effects (see later
discussion). The minimal dosage (1—5 yM SPS8I1—3) and the
short treatment period (24 h) required for the manifestation of
the cell-cycle defects correlate well with the dose-dependent
depletion of SETD8’s methylation mark H4K20mel (Figure 3a
versus b). Such consistency argues that SETD8 inhibition and
cell-cycle arrest occur in a comparable time frame upon
exposing cells to these inhibitors. The cell-cycle defects were
apparently not caused by depleting other histone marks such as
H3K9mel/2/3, H3K27me2/3, and H3K79me2/3, a process
that generally takes longer than 3 days.”>** SPS8I1-3-
associated cell-cycle defects are also unlikely due to general
toxicity, given that >50% cells are still viable under these doses
(Figure 3c versus Figure 3a,b).

The screening of SPS8I1—3 against the panel of PMTs
revealed potential off-target effects on other PMTs (SPS8I1 for
SMYD2 and SPS8I3 for PRMT3 and SETD2, Figure lc).
Other cellular targets of SPS8I1—3 were also documented
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previously in PMT-unrelated settings. For instance, SPS8I1
(NSC663284) was reported as an inhibitor of Cdc2S, a dual
specificity phosphatase.”>™** The inhibition of Cdc25 by
SPS8I1 (NSC663284) was proposed to occur via the
production of a covalent adduct or the generation of reactive
oxygen species (ROS). For the former mechanism, the catalytic
domain of Cdc25 is expected to be inactivated by a 1,4-Michael
addition of a serine residue adjacent to the catalytic cysteine.
For the latter mechanism, the quinone moiety of this
compound may facilitate the oxidation of Cdc2S’s catalytic
cysteine by the formation of ROS via reductive-oxidative
cycling under a cellular context*® Similarly, SPS8I3 was
reported to inhibit several protein tyrosine phosphatases PTPs
(e.g, PTP1B) via the production of ROS, such as hydrogen
peroxide, and the oxidation of the PTPs’ catalytic cysteines
under a cellular setting.’**” SPS8I2 was documented as an in
vitro inhibitor of cyclin-dependent kinase 4 and 2 (CDK4/2).*®
The off-target effect of SPS8I2 as a CDK2/4 inhibitor may
rationalize the severe S-phase defect associated with this
compound (Figure 3b).

Nahuoic acid A and bis(bromo/dibromo-methoxylphenol)
derivatives were reported previously as SETDS8 inhibitors,
despite no demonstration of cellular activity for the former and
the lack of SETDS selectivity for the latter.'®" Interestingly,
both of the compounds contain the structural motifs that are
amenable for 1,4-Michael addition for reactive Cys residues.
Similarly, SPS8I1, SPS8I2, and SPS8I3 contain a quinone
moiety, which can also be subject to 1,4-Michael addition of
reactive Cys residues such as SET8’s Cys270 for SPS8I1 and
SPS8I2 and thus irreversibly inhibit SETD8. The commonality
of the reactive functional groups in SPS8I1—3, Nahuoic acid A,
and bis(bromo/dibromo-methoxylphenol) derivatives suggests
that SETD8 may contain reactive Cys residues such as Cys270
that potentially react with SPS8I1—3 for the observed
inhibition. Here we also ruled out the possibility that
SPS8I1-3 inhibit SETD8&’s methyltransferase activity through
their general redox potential for the following reasons: (a)
SPS8I1 and SPS8I2 are inert toward SETD8’s C270S mutant,
arguing that the inhibitors act on SETD8 by selectively
targeting this Cys residue; (b) several structurally related
compounds, though containing the redox-active quinonic motif,
are inert toward SETD8 (Supplementary Table S3).

SETDS is the sole PKMT known for H4K20 monomethy-
lation (H4K20mel) in vivo.>* H4K20mel can be either
removed by PHF8 or methylated to H4K20me2/3 with a
half-lifetime of a few hours.*"**°73>3° The dynamic character
for H4K20mel was well reflected by its rapid depletion by
SPS8I1—3 within 24 h, in contrast to the more stable histone
methylation marks such as H3K9me2/3, H3K27me2/3, and
H3K79me2/3.2>** A residual level of H4K20mel after the
treatment with SPS8I1—3 (Figure 3a) may arise from the
incomplete production of H4K20me2/3 by SUV240H1/2." In
contrast to the dramatic decrease of the H4K20mel mark upon
the treatment with SPS8I1—3, no acute change of the
H4K20me2/3 marks was observed, although H4K20mel has
been implicated as SUV420H1/2’s substrate for H4K20me2/3
production.m This observation suggests that H4K20me2/3, like
H3K9me2/3, H3K27me2/3, and H3K79me2/3, are more
stable histone methylation marks, and the 1—3-day depletion
of H4K20mel (<5% of the overall methylated H4K20) has a
limited impact on overall H4K20me2/3 levels (>95% of the
overall methylated H4K20)."**°7>* Besides the H4K20mel
depletion, SPS8I—treated HEK293T cells display cell cycle
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defects at S phase within 24 h, suggesting that this phenotype is
associated with the depletion of H4K20mel mark but not
H4K20me2/3, whose levels remain largely unchanged during
the period of treatment. The cell cycle defect can then proceed
to G2/M phase within 24—48 h as demonstrated by SPS8I1
and SPS8I3. These results argue that the S phase delay caused
by SETDS8 inhibition is transient and can eventually advance to
G2/M arrest. More importantly, these phenotypes tightly
correlate with the H4K20mel mark and SETDS&’s methyl-
transferase activity. Interestingly, both S-phase and G2/M-
phase defects were reported previously as the phenotypes of
SETDS8 knockdown.'"*’ Such discrepancy (S-phase versus G2/
M-phase defect) can be rationalized by the different time
frames of SETD8 knockdown in individual experimental
settings.

In the current work, 3 out of 4 HTS hits were validated in
vitro and in a cellular context as potent inhibitors of SETDS.
This hit validation rate is remarkable and underscores the
robustness of the SPA-based HTS assay for identifying SETD8
inhibitors. The general applicability of the SPA-based HTS
assay also highlights its merits for screening other PMTs.”” The
3 compounds were characterized as potent inhibitors of SETD8
with the ability to suppress SETD8’s H4K20mel mark at single
doses of 1-5 uM in a cellular context. Structurally distinct
SPS8I1-3 also display different modes of SETDS8 inhibition.
Such differences also make SPS8I1—3 less likely to act on other
common cellular targets besides SETD8. As a result, the shared
phenotypes of the 3 compounds are expected to be associated
with SETD8 inhibition. More importantly, at the effective doses
required for H4K20mel suppression, the observed cell-cycle-
arrest phenotype of SPS8I1—3 is similar to that observed for
SETD8 knockdown.' Strikingly, the phenotypes of the
H4K20mel depletion and cell cycle arrest of SPS8I1—3 can
be sustained for up to 3 days at a single dose of <5 yuM
SPS8I1—-3. Such robust inhibition of SETD8 by SPS8I1-3,
together with their different off-target effects, argues that these
compounds can be used collectively as SETD8 inhibitors to
offset off-target effects of individual reagents. At this stage, we
envision using all three compounds to examine SETDS8
inhibition and then focusing on the phenotypes shared by all
of them. SPS8I1 and SPS8I2 were reported to be cytotoxic
toward various cancer cell lines.>*** Given the general cell cycle
arrest phenotypes of SPS8I1—3, as well as the specific
implication in cancer, 13173538 it g of great interest to further
examine these compounds and their derivatives for more
selective SETDS inhibitors and novel anticancer reagents.
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