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Abstract SAM-dependent histone methyltransferase (either
) EZH1 or EZH2), an H3K27me3-binding subunit
The histone methyltransferase EZH2 has been th(‘EED) and a 2zn-finger, scaffolding subunit
?rget of nlfjfmerous Sma:]l mlolecule inhibitor 5,712)  Multiple heterozygous point mutations
IScovery el_qrtsl ?jver the ast 1'3+d yearls.have been observed in the EZH2 subunit of PRC2.
Emerging clinical data have provided earlyrpeqe mytations are a recurrent genomic feature
evidence for single agent activity with acceptable,carved in multiple cancer types, with the highest
safety profiles for 1 Generation inhibitors. We frequency  presenting  in Non-Hodgkin's
have_ develope_d _k_lnetlc_ method_olo_gles forLymphoma (8). Biochemically, these mutations
studying EZH2-inhibitor binding kinetics that ji.r the catalytic activity of EZH2, thereby

have allowed us to identify a unique structuralegiting in aberrant, EZH2-mediated global
modification that results in significant increas®s ;. -raqses  in H3K27me3 levels (9-11).

_the_ plrug—target residence times of _aII EZH2Furthermore, EZH2 catalytic function has been
inhibitor scaffolds we have studied. The;

; ) implicated more broadly in oncology with EZH2-
unexpected residence time enhancement bestowg jiated gene silencing contributing not only to
by this modification has enabled us to create

. . o , Bncogenic pathway activation but also to acquired
series of ¥ Generation EZH2 inhibitors with sub- drug resistance and suppression of anti-tumor

pM binding affinities. We provide both jmne responses in T-cells (8,12). Accordingly,

biophysical ~evidence vahdgtlng_ this S.Ub'pMEZHZ catalytic inhibition is being explored

potency as well as biological evidence jinically as a therapeutic approach in multiple

demonstrating the utility and relevance of sucfyqig tymor and hematological malignancies with

high affinity interactions with EZH2. Tazemetostat recently being the first approved
EZH2 targeting drug for use in epithelioid
sarcoma (7,13-15)

Clinical agents that target EZH2 exert their effect
) through one of two mechanisms of inhibition. The
Introduction first inhibitors described belong to multiple serie

A diverse array of histone post-translationalof Pyridone-containing small molecules (EZH2i)
modifications contribute to the dynamic regulationthat target a pocket located near the interface of
of chromatin architecture. Discrete combinations®ZH2 and EED. The critical nature of the
of these modifications have been proposed to forfYridone moiety was made clear after multiple
a putative “histone code” that can be read out byePorts emerged detailing co-crystal structures of
effector proteins and complexes, to regulateeveral of these inhibitors with PRC2. These
transcription by controlling access to individual@nalyses revealed that the sole point of overlap
genomic loci (1-3). Aberrant alterations in histoneP€tween the compound-binding pocket on EZH2
coding mechanisms have been extensively linke@nd the SAM binding site was the area occupied
to the altered transcriptomes observed in tumorBY the pyridone of the respective compounds. This
(4). Further, genetic alterations in chromatinStructural insight not only illuminated the
regulatory proteins are among the most frequerii'éviously —unknown physical basis for the
mutational events observed across numerougmpounds’ SAM-competitive mechanism of
cancer types (5). Accordingly, there is Signiﬁcantlnhlbltlon but also cemented the central role & th

therapeutic interest in pharmacological modulatiorPyridone in the context of these EZH2 inhibitors
of key chromatin regulatory proteins (6,7). (16-18). Some of the more recent PRC2 inhibitor

reports have focused on the biochemical role of
The multi-subunit Polycomb Repressive Complex{3K27me3 binding to the EED subunit of PRC2.
2 (PRC2) is a key chromatin regulator that exhibitsSthe H3K27me3-EED binding event in the context
histone methyltransferase activity on H3 lysine 2%f PRC2 is well-characterized as an allosteric
(H3K27). The catalytic core of PRC2 consists of astimulator of EZH2 methyltransferase activity



(19,20). Accordingly, small molecules that non-specific interactions between cationic histone
potently antagonize the EED-H3K27me3peptides and the gold biosensor surface.

interaction also allosterically inhibit EZH2 . .
catalytic function. The clinical utility of EED- We recently reported residence time enhancement

targeted small molecules is yet to be determined®’ EZH2 inhibitors as assessed by a jump dilution

but pre-clinically, these molecules have resulted j Method utilizing TR-FRET technology (29).
tumor growth inhibition similar to that observed Herein, we describe the full scope of biochemical
for SAM-competitive PRC2 inhibitors (15,21,22). a@PProaches we used to kinetically characterize
Meanwhile, multiple SAM-competitive EZH2 high-affinity, pyridone-containing EZH2 inhibitors

inhibitors have demonstrated clinical activity in (EZHZD' Key techr_lical huances  not detailed.
the absence of dose-limiting toxicities (13)_preV|oust are described here that enabled kinetic

characterization of second generation EZH2i.

addition to pre-clinical studies in murine modelsFUrther, in this ‘work, we also expand the

has led us to hypothesize that unlocking the full&thodology for k, determination to enable fully
therapeutic potential of EZH2 inhibitors will duantitative potency assessments. Finally, we
require  molecules  that  achieve more€Xpand on the Structure-Kinetic Relationships

comprehensive, durable target engagement thdr'<R) described previously (29) by showing the

can be achieved with existing clinical EzH2 universality of the key structural motif to
inhibitors. significantly enhance EZH2-inhibitor residence

time across all scaffolds tested. The insights from
Recent mechanistic studies into one sub-series olr kinetic studies have enabled us to drive &tir 2
SAM-competitive EZH2 inhibitors has generation series SAM-competitive EZH2
demonstrated that these molecules exhibit slownhibitors to sub-pM biochemical potencies that
tight-binding behavior. Detailed kinetics studiescorrelate with enhanced tumor cell-killing vitro
led to estimated binding affinities of <100 pM for andin vivo.
allosterically activated PRC2 for the most potent
compound characterized (23). Characterization of
such high affinity interactions to elucidate
Structure-Activity  Relationships (SAR) are
challenging using traditional, equilibrium-basedResults
assay formats. Theoretical treatment of bindin
equilibria by Matulsky and Mahan in 1983 first

noted that the required equilibration time for anThe standard biochemical assay for assessing
interaction with ligand concentrations equal to itsenzyme-inhibitor residence times is a jump
Kg, under pseudo-first order conditions, is adilution-based methodology in which enzyme and
function of the drug-target residence tin¢ (24- inhibitor are pre-equilibrated at an inhibitor
27). This can result in interactions that will régu  concentration equal to its §gvalue as determined
multiple days of equilibration to accurately assesgn an equilibrium-based biochemical assay (30).
affinity if the protein-inhibitor complex exhibits The pre-equilibration is followed by a rapid, 100-
sufficiently slow ks values. This concept was fold dilution that results in an inhibitor
recently highlighted in a report detailing concentration equal to its J@/alue. However, the
biosensor-based kinetic methodologies to quantifybserved sub-nM EZH2i potencies coupled with
single-digit pM affinities in order to circumvent the relatively slow turnover of H3 by EZHR4

the practical limitations of equilibrium-based ~25/hi') makes dilution to 1§ simply
biochemical assays (28). Unfortunately, biosensotimpractical. Further, this cannot be compensated
based methodologies, such as surface plasmdor by increasing the concentration of cofactor
resonance (SPR), have limited utility in studyingcompetitor due to the radioactive assay readout,
PRC2-inhibitor kinetics because of the largebecause radioactive SAM is stored in a sulfuric
complex size, long residence time of EZH2acid solution which precludes its use at
inhibitors, and the practical limitations of concentrations >~5xK,, without substantially
assessing kinetics in the activated state becduse altering buffer pH.

Observation of emerging clinical profiles, in

qEnzymatic Jump Dilution Assays
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To overcome these challenges, we applied # other standard TR-FRET-based binding assays,
modified jump dilution methodology in which assay execution with this system is particularly
inhibitors were diluted to their Cheng-Prusoff (31)nuanced. This nuance stems from the altered
adjusted IC2? at the highest possible SAM affinity and kinetics of the biotin probe when
concentration. A mathematical correction was thegomplexed with SA-APC. In order to avoid the
applied tokys to account for rebinding during the altered equilibration time observed with the SA-
establishment of equilibria, thus allowing a moreAPC:Biotin-EZH2i complex and PRC2, we
accurate residence time estimate (Supplementagxplored the impact of order of addition on
Note 1). To corroborate our estimated residencéletection of free PRC2. In doing so, we identified
time values, we compared them to SPRconditions that result in effectively instantaneous
determined values using a Specia”zecﬁqui”braﬂon between biotin-EZH2i with pre-
methodology for analysis of long residence timeequilibrated EuwHis:PRC2 complex. The SA-
compounds with a test set of EZH2i includingAPC is then added at a concentration for which its
clinical stage compounds and compounds 1-3§aturati0n of the biotin-probe bound to EZH2 is
(Figure 1). Overall, we observed good agreemertlso effectively instantaneous (Supplementary
with the estimated compound residence time foFigure 1A and 1B). Under these conditions, we
basal PRC2 (complex in the absence ofvere able to quantitatively measure free PRC2
H3K27me3 activator peptide) between the twoACross a concentration range of 1.4-1000 pM with
methodologies in spite of the differing pH (8.5 vs.excellent linearity with respect to free PRC2 vs
7.4) and salt concentrations (0 vs. 150 mM NaClfR-FRET ratio. The signal, and accordingly, its
of the biochemical and SPR buffers respectivelylinearity with respect to [PRC2], peaked between
The most significant outlier in this set can beb-10 minutes following SA-APC addition. Both
accounted for because the residence time dfignal and linearity were stable until ~20 minutes
GSK126 under these conditions is simply too shorPost SA-APC addition. Peak linearity was
to reliably quantitate enzymatically in our assayachieved at 11 minutes following SA-APC
set up. Ultimately, this modified jump-dilution addition (R >0.99), thus providing an adequate
methodology quickly became inadequate for outvindow of time for reagent addition followed by
purposes as a result of continued increases #§ignal readout (Supplementary Figure 2A and 2B).

(I:Eifctlﬁllqvéﬁtselgegcesingn?ei.unzms |§r?uécrl rena(t)cttiobneswe utilized this platform for detection of free
times due to %e Iir‘l)ﬂi){ed stagilit %f SAM in EZH2 in two different schematics (Supplementary
y Schemes | and Il, respectively): 1) A jump

aqueous buffers and was_further limited by OUliilution-based format to monitor dissociation of a
inability to accurately estimate compoundsdC o . )
values pre-bound inhibitor over time to determiregy
: values and 2) A format to monitor compound
association with EZH2 over time to determing
o values. For schematic 1, [PRC2] bound to
Development of TR-FRET binding assay to inhibitor or inhibitor-bound fraction can be pladte
measur e inhibitor kinetics vs time and fit to a single-phase exponential decay

In order to circumvent the limitations of using to determinekyy (Figure 2C). Importantly, this can

EZH2 catalytic readouts to estimate inhibitorbe run under dialysis conditions to ensure

residence times, we developed a time-resolve§oMPound rebinding does not result in an
overestimation of the drug-target residence time.

fluorescence energy transfer (TR-FRET) to_"~ “>" L9~ )
directly measure free EZH2 as a function of timeRebInGlIng was found to be significant for EZH2i

using a biotinylated EZH2 inhibitor that was Wheret > 100 hr and for those compounds only

designed based upon literature precedent (biotirfidt@ under dialysis conditions is reported. Data
EZH2i, 4, Figure 2A) (32). The interaction treatment for schematic 2 requires additional

between biotin-EZH2i and His-tagged PRC2 ishuance for accurate characterizatiaiolg infra).
detected using streptavidin allophycocyanin (SA-

APC) and an EwHis antibody (Figure 2B). While

the final, measured TR-FRET complex is identicaEZH2i binding mechanism deter mination

4



An example compound titration using schematic antriguingly, the aforementioned allosteric

is shown in Figure 2D. We tested multiple stimulation of EZH2 from H3K27me3 activator

compounds across multiple scaffolds with a rangpeptide has also been shown to modulate the
of ks values (determined using jump dilution residence time of EZH2 inhibitors (23), a

procedure outlined in schematic 1). For each of thehenomenon we also observed with compound 5
compounds tested we observed a clear lineaturing the course of our mechanistic studies
relationship in a plot dkys vs. [I] (Supplementary (Supplementary Figure 3C and 3D). Utilizing our

Figure 3). This relationship is indicative of a TR-FRET binding assay, we sought to explore this
single-step binding mechanism (25,26), in contragphenomenon across a panel of EZH2 inhibitors.
not only to the previously proposed two-stepWe found that the residence time of every
binding mechanism of slow-tight binding EZH2i, inhibitor increased, although the extent of inceeas

but also to many other characterized longwas highly variable (Figure 3A). To date, we have
residence time compounds for other protein targetsot observed a clear structure-kinetic relationship
(23,25). Further, the observed linear relationshigghat can explain the selectivity for activated

of ks Vs [lI] was not affected by allosteric relative to basal PRC2, but we suspect it is rdlate
activation of PRC2 using H3K27me3 activatorto the fact that pyridone-based EZH2i also interact
peptide (Supplementary Figure 3C and 3D)with the EED subunit as a result of their binding a

Finally, we corroborated this observation usingan interface between EZH2-EED (16-18).

both enzymatic methodologies and from the SPR . . .
data generated (Supplementary Figure 4). Intrlgu_ed by the ob;erved allosteric modulapon of
EZH2i residence time, we probed for residence

The final consideration for data treatment in thes¢éime modulation of CPI-1205 by an EED small
experiments stems from the fact that themolecule antagonist, MAK683. In contrast to
concentrations of inhibitor used for our assocratio experiments with activator peptide (Figure 3A),
experiments approach that of the totalwe did not observe an increase in the residence
concentration of PRC2 in the sample, requiringime of CPI-1205 by MAK683 (Figure 3B).
treatments based ori®@rder reaction conditions. Nonetheless, the presence of an EEDi negated
Thus, to obtain estimates of tkg values for the residence time enhancement by addition of
compounds tested, binding curves were fit to thectivator peptide (Figure 3C). Interestingly, these
integrated rate equation for a reversibledata directly indicate that EED-targeted small
bimolecular association reaction. The solution tanolecules and pyridone-containing EZH2
this has been presented numerous times in variourshibitors can co-occupy the same PRC2 complex,
forms, with the form used here shown inproviding the molecular basis for a simultaneous,
Supplementary Note (33-36). orthogonal, PRC2-targeting approach. Notably, as
. _.expected from our MOI studies, there was no
We next compared the agreement of the kinetiggect of allosteric stimulation of EZH2 on

parameters ~ using our  TR-FRET  based.;n56nd association kinetics (Figure 3D).
methodologies to the values obtained for the test

set of compounds evaluated previously by SPRIn order to potentially gain insight into the
All kinetic parameters were in excellent agreemenbiologically relevant PRC2 state, we compared
between the two methodologies (Figure 2D andellular potencies of a panel of EZH2i with their
2E), consequently producing similar estimates foresidence time values obtained in the basal or
compound binding affinities K{, Figure 2F). activated state of PRC2. While we found a general
Taken together, these results indicate that our TRzorrelation with both values, it was stronger with
FRET based methodology is suitable forthe H3K27me3 mark reduction ELvalues in
accurately determining compound-PRC2 kineticdHelLa cells for the compound residence times in
parameters and, therefore, binding affinity. the activated state, particularly for the most pbte
compounds in the panel, suggesting activated
PRC2 is the more biologically relevant state

Allosteric modulation of compound potency (Figure 3E and 3F). Therefore, our subsequent



kinetic studies described here were conducted iparameters. The kinetically determinkd values

the context of activated PRC2. spanned several orders of magnitude and were
driven almost exclusively through residence time
increases (Figure 5A and 5B). Strikingly, the most

Residence time enhancement imparted by 4- Eotent K; estimated in this set was sub-pM (13;
thiomethyl pyridone k"—ff =130 fM (iK; (M) = 12.88)), Figure 5A-C).

Closer examination of the 4-thiomethyl-containing

We recently reported that, quite unexpectedly, thEompound 13 indicates that the compound

residence time of compound 2, the 4-thiomethy . ; .
) . ossesses a residence time on activated PRC2 on
analog of CPI-1205, (Figure 4A), displayed an he order of several months (Figure 5B-D=

order of magnitude increase in inhibitor residenc . X

time (29) (Figure 4B). Applying our methodology ’30.0. hrs = 3'0. months). We_ conflrme_d the
described here fdk,, determination, we observed stability of recombirignt pentameric PRCZ.'” th_e
that the residence time enhancement observed fg -FRET assay cOnditions by assessing its

compound 2 was not accompanied by any sort cﬁatalytic activity over time when stored at°’@5in
compensation irk,, relative to CPI-1205 (Figure assay buffer. We found that the complex was very

3D); therefore, the extended residence timétable in the assay conditions with no loss in

resulted in an improvement in the overall bindingC2t@lytic activity observed after 10 days, indiegti

affinity (Figure 4B). This striking observation, aS hallf—life for c_ompIer stability of months
coupled with the critical nature of the pyridone (SUPPlementary Figure 6).

moiety for conferring SAM-competitive inhibition e also confirmed that the MOI for compound 13
of EZH2, drove us to further explore this yas maintained (SAM-competitive) relative to
observation. We performed a focused SKR studyrevious  pyridone-containing EZH2i by
in which the substituent at the 4-position of theaxamining the effect of SAM on its EZH2
pyridone was systematically varied between -Me, association kinetics. Addition of SAM to these
Cl, -OMe and -SMe in the context of anexperiments resulted in a dose-dependent
alternative, indole-based scaffold related to CPliaqyction in k%P. Importantly, we observed
1205/compound 2 (Figure 4C). Strikingly, only the oy cellent agreg;nent with thé,, of SAM (400
-SMe substituent was able to dramatically extenql]M) for PRC2 and the Eg for SAM-mediated
inhibitor residence times on EZH2 (Figure 4D). reductions ink?P? for 13 (740 nM; Supplementary

Having observed this -SMe effect on two distinctFigure 7). We also performed mass spectral
indole-containing scaffolds, we next sought toanalysis of compound 13 following an ~2 day
interrogate the universality of the residence timéncubation with supra-stoichiometric amounts of
enhancement by generating 4-thiomethyl analog§RC2, and found that the compound was
of 4 clinical stage EZH2i, in addition to CPI-1205 recovered unmodified, indicating that the extreme
(Supplementary Figure 5). We found thatresidence time of the compound is not achieved
residence time was dramatically enhanced in th#rough enzymatic processing of the compound
context of each scaffold. The most strongly(Supplementary Figure 8).

impacted scaffolds were EPZ-6438 (Tazemetosta . . .
and GSK126 with both scaffolds exhibiting a ~30'2\>/<$renne1§t sou%rcl)ttebr:gshyﬂC%Ibts:g::/(()a%oratloTh;)gutg:

fold residence time enhancement when employin%haracterization of compound binding kinetics
a 4-thiomethyl substitution (Figure 4E). We chose to utilize ligand-induced protein thermal
stabilization methodologies because of its
demonstrated utility in estimating the potency of
Mechanistic and biophysical validation of  the biotin-streptavidin interactiofK{ ~1 fM) (37).
EZH2i with femtomolar binding affinity We selected four compounds, including 13,

We plotted the individual kinetic parameters of theesum""t(':‘d to hayeKi values spanning nearly 3
compounds profiled (Figures 1-4) vs. theorders of magnitude. We tested the thermal

respective K; (M) values calculated from those stabilization of pentameric PRC2 by these
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compounds  using Differential Scanning check residual catalytic activity at the final

Fluorimetry. Under the conditions tested,assessed timepoints in the jump dilution
thermally induced unfolding of PRC2 exhibits experiment. Importantly, we found that % catalytic
multiphasic behavior as evidenced by th& 1 activity was in good agreement with the measured
derivative of the fluorescence melting curveamount of liberated PRC2 (Supplementary Figure
(Figure 5E). Interestingly, incubation of PRC211), indicating that PRC2 is recovered unmodified
with each of the compounds in our test set resultefibllowing compound dissociation.

in not only a dramatic stabilization of the first

melting peak &T,D = 11.54-15.78&C), but also These results strongly argue for a wholly

condensed the melting curve to a single transitioﬁ'oncovalent interaction between these inhibitors
(Figure 5E, lower panel). Further, we found thatand PRC2. If reversible covalent bond formation
13 exhibited significantly greater stabilization of Was responsible for the femtomolar affinity

PRC2 relative to the other compounds. Thi es:owedt_ b3|/ thet _4t-thl?mtehthy|4trf>_yrld0trr\]ei
observation holds in terms of both overall meltingcon ormationa’ CORSHQINt O € a-thiometny
pyridone would have been expected to drive

E;B/:r sr;tgrt])g:)za;gg [g—gBﬁrcs){ ?ﬁglgﬁgFlg:;i i5nE,th affinit_y increases by properly positioning _the
derivative of the DMSO control melting curvesefu.ncn.onal group for covglent_ bond formation.
(AT,D = 15.78C: Figure 5E, lower panel). These K_lnetlcally, th!s yvould manifest |mproved_ potency
datz;n bioph .sicaI’I demons{rate that 13 .does ivlathe association p_hase of the interaction, wh_lch
fact h ysl fy tlv hiaher affinity int imt' Was not observed (Figure 6). Importantly, the ring
act, have a significantly higner affinity inter dc:yclization constraint we introduced would not be

with PRC2 than the other compounds test_e expected to impact the electronics of the pyridone,
Notably, theATrD value for these compounds did \hich could affect the apparent affinity through

not correlate V.Vith plggvalqes obtainc_ed from a 24- impacting both the reactivity of the functionality
hour enzymatic assay using very dilute PRC2 (134" ywe|l as the stability of a covalently bound
pM), highlighting the impractical equilibration ¢, iag Therefore, we conclude that the

time required for accurate assessments of SUGmtomolar binding affinities we have observed

high affinity interactions (Supplementary Figure (o ihese compounds are achieved through strictly
9). Crucially however, we found that thel.D  ,oncovalent interactions.

values of these was correlated witK; pralues
obtained from our kinetic experiments, providing
strong biophysical evidence of our kinetically
determined affinity estimates (Figure 5F).
Additionally, we found a similar change i, Bnd

potency rank when assayed in the biochemicathe extreme affinity observed in otn vitro

assay buffer (Supplementary Figure 10) agaihiochemical experiments led us to inquire whether
suggesting the affinities determined in differentthere are any biological implications of these
buffers were maintained. measurements. We first compared compound
Fesidence times to the cellular potencies of our
inhibition, we sought to further improve the compounds in an H3K27me3 mark reduction

affinity of 13 by constraining the amide linker 3558Y N Hela cells. While we found a general

between the dioxolane heterocycle and the 49°|”§'at"3hr_‘ l\JNI:\r/]v ceIIuIa_l(rj E& i values, tge
thiomethyl pharmacophore in order to generat elationship between residence time anckH

CPI1-1328 (Figure 6A). This rigidification resulted his assay appears to asymptotically approach a

; ; ; imit for the EGg value at ~0.5-1 nM (Figure 7A),
in an improved potency of CPI-1328 relative to 1§ . ) . .
(Figure 6A and 6B). We observed that the potenc%}ljggestlng this to be the lower limit of this cillu

Célular and in vivo impact of enhanced
compound potencies

Intrigued by the apparent noncovalent nature o

increases are driven primarily through increases i ssay and may reflect the total concentration of

the residence time of the molecule and not throug RC2 fOL(’jnd mﬁHet!_alceIIts_t, v¥_|th tht?] most plotbelnt
any significant changes in the measured 0MPOUNds —€efiectively titraling the — available
nzyme. Regardless, this plateau suggests that

association rate constant (Figure 6B). The eve . Y . .
longer residence time of CPI-1328 prompted us t ere is a limit on the extent that residence time
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and compound affinity can drive cellular potencyWe applied an MSD ELISA-based PD readout
in this assay. Importantly however, we alsousing the tumor samples collected on Day 12 to
examined the impact of residence time on celhssess target engagement at each dadse
killing in KARPAS-422 cells, a mutant-EZH2 reduction in global H3K27me3 levels. Mice
lymphoma model (Figure 7B). In this context,treated with CPI-1328 exhibited dose-dependent
there is a continuously linear correlation betweemeduction in H3K27me3 levels with 10 mg/kg QD
residence time and glvalues that is both striking CPI-1328 causing a 43% reduction in H3K27me3
and strongly suggestive that the extremely londevels and 25 mg/kg QD CPI-1328 causing an
residence times observed in the TR-FRET assa89% reduction in H3K27me3 levels (Figure 7D).
do in fact translate into enhanced tumor cellikgli This dose-dependent reduction in intratumoral
in EZH2-dependent models. In addition, we findH3K27me3 levels was accompanied by a dose-
that the correlation further tightens whendependent tumor regression profile (Figure 7E).
comparing GJ, values to the overall binding Tumor regression in mice treated with 10 mg/kg
affinity (Figure 7C). QD CPI-1328 is observed at approximately Day

i 12 while mice treated with 25 mg/kg QD CPI-
We therefore sought to explore the impact of subj 358 eynerience much more rapid onset of tumor

pM binding affinitiesin vivo in the context_of a regression with decreases in tumor volume
KARPAS-422 xenograft model. To do this, We heginning at approximately Day 5. In stark
compared the efficacy of the “1Generation .,nirast no statistically significant reduction in

EZH2i, Tazemetostatk{ = 64 pM), with that of 131 57me3 |evels was observed in mice treated

CPI-1328 K; = 63 fM). We used doses of 25 yih Tazemetostat at 25 mg/kg QD (Figure 7D).
mg/kg QD and 160 mg/kg BID for Tazemetostatyayertheless, this dose of Tazemetostat did result

while using doses of 10 mg/kg and 25 mg/kg QB 5 4994 reduction in tumor volume relative to

for CPI-1328, all given ';O' The duration of \epicle (Figure 7F). A similar tumor regression
treatment for CPI-1328 and Tazemetostat was 24, qgje tg that seen with CPI-1328 was observed

and 29 days, respectively. Tumor and plasma Pl Ta;emetostat with significantly higher doses
analysis was performed 1 hr post-dose on Day 1gien twice as frequently (160 mg/kg BID, Figure

in all samples (Supplementary Figure 12A antzpy Thig higher dose was also associated with
12B). Direct comparison of the 25 mg/kg QD armsgjnificant loss of H3K27me3 levels, comparable

revealed that the total concentration 0fi "ihat seen in the CPI-1328 10 mg/kg QD arm.

Tazemetostat observed in the tumors was 730 NG/ yen together, these data strongly support our
0 4 . ! .

(99.1 % PPB). For CPI-1328, the totalp nqihesis that more comprehensive target

concentration of compound present in the tumor overage by an EZH2i is necessary to fully realize
was ~2-fold less at 350 ng/g (96'6%.PP.B)' Totage therapeutic benefit of targeting EZH2.
plasma levels for Tazemetostat at this time point

were 6,100 ng/mL. By contrast, total CPI-1328

plasma levels were significantly lower (490

ng/mL). Additionally, we obtained a more detailed

plasma PK profile of CPI-1328 in both arms and

observed 12 ng/mL remaining 10 hours post dosBiscussion

(25 mg/kg QD) and undetectable levels at 24 .

hours, indicating a lack of accumulatiovivo for A Survey of small molecule drugs in 2006

either arm of CPI-1328 (Supplementary I:igureindicated that the median binding constant was

12C). In spite of the significantly higher redcti @PProximately 20 nM (38). A drug or drug-like

in the H3K27me3 mark and tumor size by cpj-molecule with equilibrium dissociation constant
1328, no signs of overt toxicity or changes infor its intended target at or below 1 nM is typigal

bodyweight were observed (Supplementary Figuréegalrded as a highly potent r_nolecule.(39).
12D and E), suggesting that robust targe{I’herefore, it is reasonable to question the utdity

engagement/inhibition of EZH2 is well tolerated. SuPerseding this potency mark. Frequently in drug
discovery research, precise characterization of

affinities near or below 1 nM can be challenging



and is often foregone in favor of using cell-basednteraction. The first involves high affinity ang®
assay formats to inform medicinal chemistryof intermediates in the Spinach Ribulose 1,5-
campaigns. Our data strongly argue that continueBisphosphate Carboxylase reaction coordiniie (
characterization of high affinity interactions can~190 fM) (44). The second is a transition-state
provide novel, unique insight into Structure-analog, tripeptide phosphonate inhibitor of the
Activity Relationships that may be otherwisezinc-dependent carboxypeptidase A. Affinity
overlooked in medicinal chemistry campaigns.estimates for this molecule were ~10-20 fM. At
Namely, although EZH2 has been the subject of the time, this was speculated to be the most potent
significant number of drug discovery campaignsinhibition constant for a low molecular weight
across multiple pharmaceutical and academimhibitor and to our knowledge, remains such (45).
organizations (7,13-15,17,18,21,32,40,41), insighEurther, a co-crystal structure for this inhibibars
into the uniqueness of the 4-thiomethyl pyridonebeen solved and clearly demonstrates a
was only attained through in-depth, mechanistimoncovalent interaction anchored by the
studies into the kinetics of EZH2i; studies thatphosphonate-Zn interaction, establishing the
required development and utilization of theattainability of noncovalent, femtomolar small
methodologies presented here. molecule inhibitors (46).

The affinities reported here for our most potentSignificantly, our most potent "2 generation
EZH2i rank among the highest reported forEZH2i are distinct from each of these cases in that
synthetic small molecules with estimates forthey do not show evidence of enzymatic
equilibrium dissociation constants of f0M  processing nor are they analogs of a reaction
(100 fM) (42). Previous analyses have indicatedntermediate. Further, they are unlikely to be
that the usual “limit” for noncovalent interactions transition-state analogs. The available
appears to be ~ M (10 pM) (39,42). It has crystallographic evidence for other pyridone-
been proposed that attaining potencies beyond theontaining inhibitors indicates that these inhitsto
empirical barrier requires use of eitherdo not bind near enough to the actual active eite t
covalent/semi-covalent intermediates or transitionfunction as a transition-state mimetic (16-18). In
state analogs (39). We have been able to locatetBe absence of direct structural information, ohe o
reports of synthetic small molecules with reportecour current hypotheses for the potency
sub-pM binding affinities for their intended target enhancements bestowed by the -SMe functionality
all  of which similarly applied kinetic is the result of the introduction of Sulfur-
methodologies to obtain their affinity estimatesinteractions with Phe665 and Phe686 based on the
(43-45). aforementioned co-crystal structures of other
. . . o pyridone-based inhibitors with EZH2. This
Finasteride is a mechanism-based inhibitor f 5 i action has been garnering increasing interest

Reductase that is converted by the enzyme t0 @ its role in noncovalent interactions but may
NADP-dihydrofinasteride adduct. This bisubstrate

analog was kinetically characterized to exhil; a certainly only be one contributing factor (47,48).
similar (10" M) to that seen for the most potent In summary, our ¥ Generation EZH2i are among
2" Generation EZH2i described here. In thethe most potent described to date for a synthetic
context of Finasteride, a chemical transformatiorsmall molecule. Further, they represent, to our
occurs that results in the generation of the highknowledge, the most potent inhibitors described
affinity intermediate which eventually is releasedwhich do not rely on enzymatic processing or
as a reduced form of the parent compound (43). Aeaction intermediate/transition-state mimicry. Our
noted, we do not observe any evidence of a&enograft studies clearly demonstrate that
chemical transformation in the context of olf 2 accessing such high affinity molecules improves
Generation EZH2i. Instead, our studies ardheir ability to more comprehensively engage
consistent with a fully reversible, presumablyEZH2, thereby significantly reducing the drug
noncovalent interaction with§ of ~10% M. burden in hyper-sensitive contexts. The continued
depression of H3K27me3 levels by 25 mg/kg QD

We are aware of only two noncovalent inhibitor ¢ "~p|.1328 vs the same compound given 10

studies demonstrating such a high affinity
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mg/kg QD indicates that even in this hyper-0.8% (v/v), and turnover was kept to < 5%.5IC
sensitive context, near complete target engagemewalues were calculated using non-linear least
is required to access the therapeutic potential afquares four parameter fits (Genedata Screener).
EZH2i. We intend to further report on medicinal Due to the high potency, assays were set up under
chemistry optimizations of thiomethyl-containing very dilute conditions (pM enzymel/inhibitor) and,
EZH2i to improve theiiin vivo utility as well as even with extended pre-incubation, full
utilization of the femtomolar potencies of our equilibration was likely not achieved.

inhibitors to potentially expand the clinical uti o
of EZH2 inhibitors. SAM K, determination

Kn for SAM was determined through
incorporation of 3H-SAM into a biotinylated H3
peptide. Specifically, a mixture of 6 nM PRC2
and 3 uM H3K27me3 activating peptide, in a
buffer consisting of 50 mM Tris (pH 8.5), 1 mM
DTT, 0.07 mM Brij-35, and 0.1 mg/mL BSA, was
added at 8.3 pL/well to 384 well plates (Greiner)
) containing a mixture of 3H-SAM and unlabeled
Enzymatic assay SAM at a ratio of 1:3 in the same buffer, with 2-

Inhibitor  potency was  assessed througrfo_lq dilutions from_ _3.8 MM. Reactions were
incorporation of 3H-SAM into a biotinylated H3 initiated by the addition of 8.3 uL/well of 3 uM
EED, SUZ12, RbAp46 and RbAp48 was prepare@”d alloyved to react at room temperature fo_r 1.9h.
in-house as described previously (49). (Except foRuenching and subsequent product detection was
SPR experiments described below all experimentds described in the enzymatic assay above. As the
utilized pentameric PRC2.) All peptides weref€actions were qL_Jenched whllg still under steady
custom synthesized (New England Peptide)State conqn!qns, flnal_well rea_dlngs were used_ as
Specifically, PRC2 (40 pM), 3H-SAM (0.9 pM; Proxy for |n|t|al' veIo_uty and fit to the Michaelis
Perkin Elmer), and 2 pM H3K27me3 activatingMenten model in Prism 7 (GraphPad).

peptide (HN-
RKQLATKAAR(Kme3)SAPATGGVKKP-
amide), in a buffer consisting of 50 mM Tris (pH For the 100X jump dilution reaction, PRC2 at 20
8.5), 1 mM DTT, 0.07 mM Brij-35, and 0.1 nM was pre-incubated with inhibitor at a
mg/mL BSA, was added at 12.5 pL/well to 384concentration 100X its apparent Kor at least 2
well plates (Greiner) containing 0.2 pL droplets ofhours at room temperature in buffer (50 mM
acoustically-dispensed inhibitor in 100% DMSOTris(pH 8.5), 1 mM MgG, 4 mM DTT, 0.07 mM
(as 10 point duplicate dose response titrationd) arBrij-35, 0.1 mg/mL BSA, 1 puM H3K27me3
allowed to equilibrate at room temperature for 4-5activating peptide). For the 1X control reaction,
hours. Reactions were initiated by the addition oPRC2 at 0.2 nM was pre-incubated with inhibitor
12.5 pl/well of 2 uM biotinylated H3K27mel at a concentration equal to its apparegtfét at
substrate peptide @N- least 2 hours at room temperature in buffer
RKQLATKAAR(Kmel)SAPATGGVKKP- containing 1 uM 3H-SAM and 1 uM unlabeled
NTPEGBiIot) in the same buffer, and allowed toSAM. To initiate the reactions, the 100X mixture
react at room temperature for 18-22 h. Quenchingras diluted 100-fold into buffer containing 5 pM
was accomplished by addition of 20 pL/well of biotinylated H3K27meO substrate peptide, and
STOP solution (50 mM Tris (pH 8.5), 200 mM buffer containing 500 uM biotinylated H3K27me0
EDTA, 2 mM SAH). 35 pul of the quenched was diluted 100-fold into the 1X mixture, both to a
solution was transferred to  Streptavidinfinal volume of 140 upuL in a 384 well
FlashPlates (Perkin Elmer), incubated one houmolypropylene plate (Greiner). The reactions
washed, and read in a TopCount plate readgrroceeded for 10 hours at room temperature. At
(Perkin Elmer). Final DMSO concentration wasdefined time points, an 8 pL aliquot of each

Experimental procedures

Enzymatic jump dilution assay
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reaction mixture was transferred to an equaFor non-dialysiskys determinations, PRC2 and
volume of STOP solution (50 mM Tris-HCI, 200 Eu(W1024)e-His antibody (hereafter Ea-His,
mM EDTA, 2 mM SAH, pH 8.5) in a 384 well PerkinElmer) were combined in 70 pL assay
polystyrene plate (Greiner). After the final time buffer (50 mM Hepes (pH 7.4), 100 mM NacCl, 1
point, 12 pL of the quenched solutions weremM TCEP, 0.01% Tween-20, 0.1 mg/mL BSA, f.c
transferred to a streptavidin coated FlashPlat¢20 nM PRC2 and 120 nM EuHis). The
(PerkinElmer) containing 38 pL STOP solutionresulting 2X mixture was placed in an incubator
and allowed to incubate overnight at roomfor ~15 minutes at 2&. Five microliters of the
temperature. The FlashPlate was then washed amkRC2:Eue-His mixture was transferred to a
read on a TopCount (PerkinElmer) plate readerGreiner 384-well plate. Five microliters of buffer
To estimatekys, the 100X jump dilution data were (+) 2x compound and (+) activator peptide was

fit to: added to respective wells containing PRC2¢Eu-
Vi — v His mixture (f.c. 70 nM compound, 60 nM
[P] = vst + ———[1 — e konst] PRC2:Eue-His mixture, (+) 10 pM activator
obs peptide). Mixtures were incubated for 30 min at

Vs was constrained to the slope defined by a linea®5°C. Five microliters of mixtures were
fit of the 1X control data ankly,s was corrected for transferred to wells containing 4L of 1.1x
rebinding using the equation in SupplementanBiotin-EZH2i (+) activator and mixed thoroughly
Note I. by pipetting up and down 5-10 times. Ten
microliters of diluted mixtures was diluted a
second time into 9QL of 1.1x Biotin-EZH2i (%)
SPR method development and experiments wer&ctivator (f.c. 700 pM EZH2i, 600 pM PRC2:Eu-
performed by Beactica Therapeutics (Uppsalag-His, 760 nM Biotin EZH2i (+) 1QuM activator
Sweden) on trimeric PRC2 containing EZH2, EEDpeptide). At respective time points, (iB of jump
and SUZ12 (BPS Biosciences). Briefly, trimericdilution mixtures were transferred to black
PRC2 immobilized by amine coupling to CM7 ProxiPlates (PerkinElmer) pre-stamped witll
chips (Cytiva). All experiments were performedof 19x SA-APC (PerkinElmer), f.c. 630 pM
using a BiacoreT200 instrument (Cytiva) EZH2i, 540 pM PRC2:Eu-His, 684 nM Biotin
thermostated at 25°C. The characterization OoEZzZH2j (¥) 9 uM activator peptide, 1500 nM SA-
compound interactions were conducted in a 1APC). Samples were thoroughly mixed by
mM Hepes buffer at pH 7.4, with 150 mM NaCl, 2 pipetting up and down 5-10 times and then read on
mM DTT, 0.1 % Pluronic127, 1 % DMSO. For an Envision 2104 reader (PerkinElmer) using the
multi-cycle experiments the ligands were injectednanufacturer's recommended filters and settings.
in increasing concentration series for 15 s aba fl The fractional occupancy was determined by
rate of 30ul/min. comparison to a DMSO only (no inhibitor) and
Sensorgrams were double-referenced (referencbe"’ICkgrounOI (no PRC2) controls. Data were fit to

surface, blanks) prior to global analysis using an exponential dissociation of the form below. For

; 1 hind; : : [ ts involving MAK-683, 1@M (f.c) of
simple 1:1 binding model including a term for experimen X ; ' ]
mass transport limitation. The dissociation'\/I'A‘K'683 was included in compound mixture as

constants for slow dissociating compounds Wer(lfveII as biotin-EZH2i mixture.
determined using the ExtRA™ method. Thepor measurements utilizing dialysis set up: PRC2
determined value foky was then locked in the jnhibitors, activator peptide, and EHis
global analysis of multi-cycle experiments. In antibbody were combined (V117 pL) and
addition, the Rmax value was fitted |Oca||y in equ”ibrated overnight (fu” Comp|ex PRC2 [fC
order to compensate for a progressively blocke¢prC2] 7.5 nM, activator peptide 10 pM, inhibitors
surface during the experiment. 21 nM, Eue-His 7.5 nM). Subsequently, the
mixture was combined with bio-EZH2i (total
volume 175 pL; f.c. PRC2 5 nM, activator peptide
TR-FRET Kk, determination 10 uM, inhibitors 14 nM, Euw-His 5 nM, bio-

SPR characterization
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EZH2i 1 upM), transferred to a mini-dialysis final volume of 38puL (f.c. PRC2 0.85 nM,
chamber (Pierce) and serially dialyzed againstompound 6.0 nM, Ea-His 0.85 nM, bio-EZH?2i
several 1.8 mL volumes of buffer (50 mM Hepes1 1 yM, SA-APC 1.5uM). Plates were incubated
(pH 7.4), 100 mM NaCl, 1 mM TCEP, 0.01% for 3-6 minutes at RT and then read (Envision
Tween-20, 0.1 mg/mL BSA, 0.01% sodium azide)2104), and the fractional occupancy determined by
containing 1 UM bio-EZH2i and 10 uM activator comparison to a DMSO only (no inhibitor) and

peptide. At defined points 4.8 pL aliquots werepackground (no bio-EZHZ2i) controls.
withdrawn from the dialysis chamber and

combined with SA-APC (total volume 40 pL, f.c. Differential  scanning fluorimetry binding
PRC2 0.60 nM, activator peptide 10 uM, &ilitis  assays

0.60 nM, bio-EZH2i 0.12 pM, SA-APC 1.1 uM)
: , ’ Compound otency was assessed through
to create the final TR-FRET complex. Plates Werediffergntial sganning fluorimetry (DSF) in ag

mcul_aated for 3-6 min at rt and re"?‘d- Themodified TR-FRET assay buffer (50 mM Hepes
fractional occupancy was determined by(pH 7.4), 100 mM NaCl, 1 mM TCEP and 0.2%

g(;r:kpe:(r)ls?]g tong |D:|\|4§;2 ngltggrs |nh|rt])_|£]r) ag;jeDMSO). PRC2 was combined with compounds
b'gttu th ( di I)' d't" w ID tW (compounds initially in 100% DMSO) and
subject to the same dialysis conditions. ' Dalewel 357me3  activator peptide to final

fit to an exponential dissociation of the form: concentrations of 750 nM PRC2, 2@M

B(t) = (By — By)(e *orr*t) + By compound, 200uM activating peptide, and 4X
PTS Dye (ThermoFisher) in a total volume of 20
where B(t) is the fraction of enzyme bound at timg,|_ jn a MicroAmp™ EnduraPlate™ Optical 384-
(t), Bo is the fraction of enzyme bound at t=0,i8 Well Clear Reaction Plates with Barcode (Applied
the fraction of enzyme bound atd=(constrained Biosystems). The plate was immediately spun at
to 0), andky; is the dissociation rate constant for1000 RPM for ~30 seconds and sealed with a

inhibitor with PRC2 (in units ofy. LightCycler® 480 sealing foil (both Roche
o Diagnostics). After incubation at RT for 90
TR-FRET ko, determination minutes (to allow full equilibration/binding),

tRlates were analyzed in a Viia7 Real-Time PCR

EZH2 was determined in an analogous fashion a hstemth(TthermoFltsher) n a meltdcgr\gi:zaﬁssay
the dissociation rate constant. In contrast to th&' oere € femperature was increased o
dissociation rate constant determinations in whic/p> C at a rate of 0.0%/s. Unliganded PRC2
PRC2 and compound were pre-equilibrated, PRCEompIexes.exhlblt multl_phasm me!tlng transitions
and compound were combined and the fraction ofS determlneq by their first derivative melting
bound PRC2 was sampled at different time point§Urves. ~Melting — temperatures D) ~were
using bio-EZH2i to measure the final TR-FRETJetermined using the first derivative melting
complex. Specifically, PRC2 (which had beendlgorithm in the Protein Thermal Shift™ Analysis
preequilibrated with Ew-His) and compound Software (Applied Biosystems) andT.D was

H Cmpd DMSO ctrl H
were combined in 50 mM Hepes (pH 7.4), 100°btained from D™ — T,D “". Melting

mM NaCl. 1 mM TCEP. 0.01% Tween-20. 0.1 temperatures were also determined using the
mg/mL BSA 001% sodium azide. and m/' Boltzmann method in the Protein Thermal Shift™

Analysis software (Applied Biosystems,.{8)).

The association rate constants for compounds wi

H3K27me3 activator peptide in a total volume of
400pL (fC PRC2 1.0 nM, 7.0 nM Compound, Eu- Compound mass qaectraj ana|ysis f0||owing
a-His 1.0 nM). At defined time points, aliquots incubation with PRC2

(36 pL) were withdrawn and mixed with bio- i
EZH?2i in the same buffer to a final volume of 40PRC2 was buffer exchanged into 50 mM Hepes,

H 7.4, 100 mM NaCl by dialysis (D-Tube™
pL (f.c. PRC2 0.90 nM, compound 6.3 nM, Eu- P - )
His 0.90 NM, bio-EZH2i 1.21M). Aliquots of this  Dialyzers, MWCO 6-8 kD, Millipore-Sigma) and
mixture (36uL) were then immediately withdrawn co_n_centratgd 0 ~6 m_g/mL (Amlcon_ UI_trg SQk’
Millipore-Sigma). Titration of a potent inhibitoni

and mixed with SA-APC in the same buffer to Ahe enzymatic assay showed the concentration of
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active enzyme to be 1QM. Protein/Ligand 5X solution of Streptavidin donor beads (20
incubation for MS analyses: final [conc] are PRC2ug/mL final in 1X Histone Detection Buffer) was
18.4 uM, 13 10 M and + 30puM H3K27me3 added, the plate sealed and incubated at rt for 30
activator peptide with incubation for ~44h af@5 min. The plates were read on an Envision 2104
Protein samples were denatured with an equdfader (PerkinElmer) using the manufacturer’s
volume of 2% formic acid (FA) for 5min at rt. recommended filters and settings.

C18 spin columns (Pierce) were used to des.akt:ellviability was assayed by adding (b of Cell

protein and compound samples with reSiMriter Glo (Promega) to each well with cells with

activation with 50% acetonitrile  (ACN); . : _
equiibration with 5% ACN / 1% FA; wash b The Plaes were neubied stiP for ©o

foIIo_wing _sample loading with 5% ACN / 1% FA; Luminescence was read on an Envision 2104
eIut|on_ with 70% ACN / 0.1% FA. Mass spectral eader (PerkinElmer) using the manufacturer’s
analysis was performed on a Synapt G2si HDM ecommended filters and settings

(Waters) equipped with a nano-ESI source. The '
following instrument setting were used to analyzeData from both assays was analyzed using
the samples: Capillary voltage was set to 1kVGenedata Screener. Readout of DMSO wells were
source temperature was at 30°C, sampling congsed to normalize the data. Dose-response curves
voltage was set to 20V, no nano gas flow wasvere fit using a four-parameter Hill fit with
applied. MassLynx v4.2 (Waters) was used forautomated outlier detection and all parameters
data analysis. floating with a constraint on maximal effect

N v A
H3K 27me3 assessment in Hel a cells 2=100% activity.

Ten different doses of each test compound (in 5ARPAS4ZZGI50 assay

series of 3-fold dilutions) were plated in duplEat Ten different doses of each test compound (in a
384-well tissue culture treated plates (Greiner)series of 2-fold dilutions) in triplicate were mat
HelLa cells grown in culture were trypsinized andin 96-well Corning™ Costar™ Flat Bottom Cell
counted using a Countess® cell counter (Thermgulture Plates (Thermo Fisher). Cells were plated
Fisher). Cells were diluted to 67,000 cells per mLat a density of 30,000 cells/well in a total volume
in 10% DMEM (Thermo Fisher) and 14 (1,000 of 100 pL/well. Plates were incubated at 37 °C
cells) were plated into each well using the Biotek50 CQ, for 96 hrs. Sixty microliters of fresh
MicroFloTM  Select  Dispenser  (BioTek media was added to wells and cells were mixed by
Instruments, Inc.) of the 384-well plate. Platespipetting up and down ~15 times. Forty microliters
were incubated at 37 °C /5% CO2 for 72 hrs. Onegf cell suspension were transferred to a new
of the duplicate plates was processed foeompound-containing 96-well plate and brought
AlphalISA® and the other for viability. (For yp to a final volume of 10QL. After 96 hours
AlphalISA® assays all reagents were(day 8), Sixty microliters of fresh media were
PerkinElmer and were used as provided by th@dded to wells and cells were mixed by pipetting
manufacturer.) fuL per well Cell-Histone Lysis yp and down ~15 times. Forty microliters of cell
buffer (1X) was added to the plate processed foguspension were transferred into a 96-well white
AlphalISA® and incubated at RT for 30 min on apjate (Corning™ 96-Well White Polystyrene
plate shaker at low speed. A0 per well Histone Microplates, ThermoFisher). Equal volume of
Extraction buffer was added and the plate furthege|[Titre-Glo (Promega) was added to each well.
incubated at RT for 20 min on plate shaker withp|ates were incubated at RT for 30 min with mild
low speed. 1QuL per well of a 5X mix of anti- shaking and read as for the HelLa mark assay.
K27me3 acceptor beads and biotinylated antiReadout of DMSO wells were used to normalize
Histone H3 (C-ter) antibody (diluted to 3nM final the data. Dose-response data was analyzed using

concentration) was added. The acceptor beads a@taphPad Prism and a four-parameter Hill fit.
anti-Histone H3 were diluted in 1X Histone

Detection buffer. The plate was sealed and\nimal usecare statement
incubated at rt for 1 h. Finally, 40 per well of
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All the procedures were performed according tdransferred in 2 mL Eppendorf tubes. Four
the guidelines approved by the Institutionalhundred microliters of 1X RIPA buffer
Animal Care and Use Committee (IACUC) of supplemented with 1X complete protease inhibitor
WuXi AppTec, Shanghai, China, following the cocktail, 1 mM PMSF and 1:5000 Benzonase®
guidance of the Association for Assessment andvas added. Tumors were ground with a
Accreditation of Laboratory Animal Care Tissuelyser LT at full speed for 5 min. Samples
(AAALAC). were incubated on ice for 30 min. to each sample,
one hundred microliters of 5M NaCl was added (1
M f.c.). Samples were mixed 3-5 times with a
Efficacy in KARPAS-422 xenogr aft model pipet and briefly vortexed. Samples were
sonicated 2x for 30s at max output power with
Female CB-17 SCID mice (age 6-8 weeks) wereiorupt UCD-200 (Diagenode). Samples were
inoculated subcutaneously (SC) at the right flankncubated on ice for 30 min followed by
with the exponentially growing KARPAS-422 centrifugation for 10 min at 12000 x g.
tumor cells (5 x 10"6) in 0.2 mL of PBS with Supernatants were transferred to a new vial and
Matrigel (1:1) at WuXi AppTech(Shanghai). The protein concentration was determined via the BCA
treatment was started on day 24 after tumomethod. Lysates were diluted to a final
inoculation. Vehicle-treated mice (20% Propyleneconcentration of 0.2fg/uL using 1X RIPA buffer
Glycol (PG) +10% Solutol HS15+70% 50 mM containing 1M NaCl. Lysates can be stored frozen
phthalate buffer (pH = 3.5), 29 days) consisted oft -8C. MSD standard bind 96-well plates were
7 randomly assigned tumor-bearing mice. Sevegoated with 30uL total histone H3 capture
mice were treated with CPI-1328 25 mg/kg POypiibody at 1pg/mL in PBS (EMD-MAB3422).
QD (27 days) while six mice respectively Wereplates were sealed and left overnight &C.4

treated with CPI-1328 10 mg/kg PO QD (27 days)(c’):oating buffer was removed and plates were

25 mg/kg PO QD Tazemetostat (29 dajg) and 16Washed 3X with 15QuL of TBST. Plates were

mg/kg PO BID Tazemetostat (29 days). Mice wer . :
dosed until the tumor volume reached 20003’mm%|0Cked with 150uL. of 5% BSA in 1X TBST at

as per IACUC guidelines. Each group consisted olfQT with shaking for 1h. Blocking buffer was
randomly assigned tumor-bearing mice. Thredémoved and plates were Was_hed 3X with &0
mice from each sample group were taken down & TBST. Lysates were diluted to a final
day 12 for PK/PD analysis. Tumor size wasconcentration of 0.02fg/uL per well using buffer

measured three times a week using a caliper, a@cking salt or detergent (sodium concentration
the tumor volume (V) was expressed in mm3€duced to ~100 mM). Twenty-five microliters of
using the formula: V = 0.5a x b2 where “a” and€ach sample was loaded into an individual well.

“b” are the long and short diameters of the tumorPlates were incubated with lysates for 2h at RT

respectively. The mice were weighed every dayWith shaking. Lysates were removed and plates
TGl % was calculated according to the followingere washed 3X with 150L of TBST. Twenty-
equation: TGI (%) = [1-(T1-T0) / (C1-C0)] x 100, five microliters ofaH3K27me3 (0.25.g/mL, Cell
where C1- mean tumor volume of control mice aSignaling 9733) which had previously been
time t; T1 -mean tumor volume of treated mice avalidated in-house (49) or anti-Histone H3 (0.125
time t; CO-mean tumor volume of control mice atpg/mL, Cell Signaling 4499) in 1% BSA in TBST
time 0; TO-means tumor volume of treated mice awvere added for 30 min at RT with shaking.

time 0. Twenty-five microliters per well of sulfo-tag
_ rabbit antibody (MSD Catalog# R32AB-1) in 1%
Tumor pharmacodynamic assay BSA in TBST (0.5ug/mL) were added followed

H3K27me3 and total H3 expression levels inbY incubation for 1h at RT with shaking. Antibody
tumors was analyzed by Meso Scale Discover)VthureS were rem(_Jved from wells and sa'mples
(MSD) ELISA. Briefly, each tumor was collected Were washed 3X with 150L of TBST. Reading
after animal euthanization, snap-frozen in liquidbuffer (1X) was added to wells (150L) and
nitrogen and then transferred to 280 before Plates were read on an MSD instrument.

analysis. Approximately 20-30 mg of tissue was
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Data Availability: All data are contained within Information. Additionally, a comprehensive
the article. For compounds that are notsummary of biochemical data collected for each
commercially available detailed syntheses and¢ompound and presented here can be found in
characterization are found in the SupportingSupplemental Tables I-111.
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FigureLegends

Figure 1. Comparison of SPR-determined residence times asidlemce times determined using
modified jump dilution methodologylose agreement between the two methodologies tsereed for

all compounds in this set with GSK126 presenting thost significant divergence as a result of a
comparatively short residence time under theseitiond. Data are individual replicates with ertzars
representing the standard deviation of the mean.

Figure 2. Characterization of EZH2i using a TR-FRET bindisgay. All data are in the context of basal
PRC2. A. Biotin-EZH2i used in TR-FRET methodologf. Depiction of final complex observed using
TR-FRET readout. C. Example PRC2-EZH2i dissociation curve measuradgu¥R-FRET based
methodology. Data are plotted as the average etBnical replicates with error bars representirg th
standard deviation of the meaB. Example PRC2-EZH2i association curves measuried) 1R-FRET
based methodology. Data are plotted as the avefa@eaechnical replicates with error bars reprasgnt
the standard deviation of the mea. Comparison of residence time values obtainedAR @nd TR-
FRET assay formats. Data are individual replicatiés error bars representing the standard deviaifon
the mean. F. Comparison of association rate constant valuesirgatain SPR and TR-FRET assay
formats. Data are individual replicates with etioars representing the standard deviation of thenm@a
Comparison of calculated inhibitor dissociation stamt values obtained from kinetic parameterstimeei

SPR or TR-FRET assay formats from the data disglay& and FK; = %) where error bars represent
propagated error.

Figure 3. Exploration of allosteric modulation of EZH2i potées. A. Effect of allosteric modulation on
inhibitor residence times for EZH2 inhibitors usedlevelop kinetic methodologies. Error bars repn¢
propagated error from measured values used inlatitmu B. Modulation of CPI-1205 residence time
by MAK683 (EEDI). Representative data are plottedtee average of 2 technical replicates (x) stahdar
deviation. The residence time of CPI-1205 for b&R(C?2 is 1.2 + 0.3 hours (mean £ SD of 9 biological
replicates each in duplicate). For basal PRC2 énpitesence of 1AM MAK683, the residence time of
CPI-1205 is 0.97 £ 0.1 hr (average * SD of 3 biaabreplicates each in duplicate. MAK683 (10
pMM) inhibition of CPI-1205 residence time enhancementH8K27me3 activator peptide (10M).
Representative data are plotted as the average tettical replicates + standard deviation. The
residence time of CPI-1205 PRC2 in the presen¢t3827me3 activator peptide and MAK-683 (10 mM
each) is 1.3 = 0.2 hours (mean + SD of 4 biologiegllicates each in duplicateD. Comparison of
association rate constant values of EZH2i (£)uM0 H3K27me3 activator peptide. Data are individual
replicates with error bars representing the stahdawiation of the meanE. andF. Plots of residence
time values for basal (E;?®.78) and activated (F;’®.82) PRC2 vs pEg values for H3K27me3 mark
reduction in Hela cells.
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Figure 4. Universal enhancement of EZH2i residence time hiyidmethyl pyridone substitutionA. and

B. Residence time comparison of CPI-1205 with it$aimed pair, 4-thiomethyl analog 2. Data in B are
representative data with each point being the geedd duplicates and error bars the standard dewiat
of the mean.C. andD. Structure of alternative indole scaffold explokating inhibitor development
efforts and residence time values for various fionel group substitutions at the 4-position of the
pyridone moiety, respectively. For D data are vittlial replicates with error bars representing the
standard deviation of the mean.E. 4-thiomethyl pyridone substitution leads to resice time
enhancements for clinical stage EZH2i. Error lbapsesent propagated error from measured valuek use
in calculation.

Figure 5. Characterization of high affinity EZH2i.A. and B. Contribution of individual kinetic
parameters to compound binding affiniti€s. Structure of sub-pM, S-methyl-containing EZHZ, D.
Representative dissociation curve for 13. Datapdotied as the average of 2 technical replicatab wi
error bars being the standard deviation of the mean2,300 £ 300 hours (mean + SD, 5 biological
replicates each performed in duplicat®). Thermal melt curve plots of selected EZH2 intutst(N=3
for each sample)AT,,D (mean + SEM 9C)): CPI-1205 (11.54 = 0.05® (13.69 + 0.00); DS-3201b
(14.66 = 0.00);13 (15.78 £ 0.00)F. Correlation ofAT,D with kinetically determinedky for EZH2i.

Figure 6. Residence time enhancement driven through ratiesibn. A. Conformational restriction of
13 to produce CPI-1328; values were calculated from kinetic parameters laysa in B. B.
Comparison of kinetic parameters for 13 and CPI8LEror bars represent the standard deviatiohef t
measurements. For 18;, = 9.1 (+ 3) x 10M™*s™; 1 = 2,300 + 300 hr. For CPI-132R;, = 1.0 (+ 0.2) x
10° M*s™; T = 4,400 + 200.

Figure 7. Biological characterization of'2Gen EZHZ2i. A. Plot of inhibitor residence time values vs
ECs, values for H3K27me3 reduction in HelLa celB. Plot of inhibitor residence time values vsGl
values for KARPAS-422 cell lineC. Plot of inhibitor K; values vs G} values in KARPAS-422 cell
line. D. Modulation of global H3K27me3 levels (Day 12)iKarpas-422 xenograft model by CPI-1328
and EPZ-6438. Data are individual replicates \eittor bars representing the standard deviatiomef t
mean. E. andF. Efficacy of CPI-1328 and EPZ-6438 in a Karpas-42Rograft model, respectively.
Data are the average of three or more animalsewitir bars representing the standard error of tha&nm
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Residence Time vs HeLa ECs,
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Association Rate Constant vs pK;
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