1duosnuely Joyiny 1duosnuey Joyiny 1duosnuely Joyiny

1duosnuepy Joyiny

Author manuscript
Eur J Med Chem. Author manuscript; available in PMC 2019 March 25.

Published in final edited form as:
Eur J Med Chem. 2018 March 25; 148: 210-220. doi:10.1016/j.ejmech.2018.01.098.

-, HHS Public Access
£

Cyclic peptide inhibitors of lysine-specific demethylase 1 with
improved potency identified by alanine scanning mutagenesis

Isuru R. Kumarasinghe? and Patrick M. Wostera”

aDepartment of Drug Discovery and Biomedical Sciences, Medical University of South Carolina,
70 President St., Charleston, SC 29425

Abstract

Lysine-specific demethylase 1 (LSD1) is a chromatin-remodeling enzyme that plays an important
role in cancer. Over-expression of LSD1 decreases methylation at histone 3 lysine 4, and
aberrantly silences tumor suppressor genes. Inhibitors of LSD1 have been designed as chemical
probes and potential antitumor agents. We recently reported the cyclic peptide 9, which potently
and reversibly inhibits LSD1 (ICsg 2.1 pM; K; 385 nM). Systematic alanine mutagenesis of 9
revealed residues that are critical for LSD1 inhibition, and these mutated peptides were evaluated
as LSD1 inhibitors. Alanine substitution at positions 2, 3, 4, 6 and 11-17 preserved inhibition,
while substitution of alanine at positions 8 and 9 resulted in complete loss of activity. Cyclic
mutant peptides 11 and 16 produced the greatest LSD1 inhibition, and 11, 16, 27 and 28 increased
global H3K4me2 in K562 cells. In addition, 16, 27 and 28 promoted significant increases in
H3K4me2 levels at the promoter sites of the genes IGFBP2 and FEZ1. Data from these LSD1
inhibitors will aid in the design of peptidomimetics with improved stability and pharmacokinetics.
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1. Introduction

Lysine and arginine residues on nucleosomal histone protein tails undergo reversible mono-,
di- and trimethylation that serves to regulate gene expression. Unlike histone acetylation,
which activates gene transcription, histone methylation can either activate or silence gene
expression, depending on the specific chromatin mark involved. The primary function of the
flavin-dependent amine oxidase lysine-specific demethylase 1, (LSD1, also known
KDMZ1A) is to remove methyl groups from the activating chromatin marks monomethyl
histone 3 lysine 4 (H3K4me2) and dimethyl histone 3 lysine 4 (H3K4me2). LSD1 is also
known to demethylate histone 3 lysine 9 (H3K9) when co-localized with the androgen
receptor in prostate tumors,[3] and demethylates non-histone protein substrates such as p53
and deoxynucleic acid methyltransferase 1 (Dnmt1).[5] Over-expression of LSD1 has been
observed in a variety of tumor cell lines, and promotes the aberrant silencing of tumor
suppressor genes. Thus LSD1 is regarded as an attractive target for therapeutic intervention.
Effective LSD1 inhibitors have been described (Figure 1), including tranylcypromine-based
irreversible inhibitors such as GSK2879552 (1)[6] and ORY-1001 (2),[7-9] oligoamines
such as verlindamycin 3[10-13] and related isosteric ureas and thioureas,[13, 14] reversible
benzohydrazide inhibitors such as SP-2509 (4),[9] reversible 1,2,4-triazoles such as 5,[15]
dithiocarbamate-urea hybrid LSD1 inactivators related to 6[16] and peptide based LSD1
inhibitors such as 7.[17-20] Compounds 1, 2 and 4 are currently the subjects of human
clinical trials.

Forneris et al. described a 21-mer peptide analogous to the histone 3 lysine 4 substrate
region of LSD1, wherein Lys4 was replaced by a methionine (compound 8, Figure 2).[4]
This linear peptide was a potent inhibitor of recombinant LSD1 with a Kj value of 0.04 uM,
and inhibited LSD1 bound to COREST with a Kj value of 0.05 uM.[4] The X-ray
conformation of 8 bound to LSD1/CoREST (PDB ID: 2V1D) reveals that the side chains of
some amino acid residues in 8 (Arg2 and GIn5; Arg2 and Ser10; Arg2 and Gly12; Arg2 and
Lys14; GIn5 and Ser10) are in close proximity to each other in three-dimensional space
when it is bound to the catalytic pocket. In order to mimic the bound conformation of 8, we
replaced these amino acids with Lys and Glu residues and made a series of cyclic peptides
containing a lactam bridge.[1] The most active LSD1 inhibitor in this series, compound 9
(Figure 2A), exhibited an ICgq value of 2.1 pM and a Ki of 385 nM against purified
recombinant LSD1/CoREST. The global least energy conformation of 9 obtained using the
MacroModel Monte Carlo Multiple Minimum (MCMM) search algorithm[21, 22] features a
right-handed alpha helical section and a beta sheet section, and assumes very similar
backbone and local side chain conformations to 8 (Figure 2B). This similarity in the least
energy conformations of 8 and 9 could explain their similar ability to inhibit recombinant
LSD1.

Alanine scanning mutagenesis is a powerful tool used to identify key amino acid residues in
a peptide that are important for the biological activity. We thus completed systematic alanine
mutagenesis involving residues 2-4, 6, 8-9, 11-14 and 16 of the cyclic peptide LSD1
inhibitor 9 to identify those residues in the ligand important for LSD1 inhibition.
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2. Materials and Methods

2.1. Synthesis

All reagents and dry solvents were purchased from Aldrich Chemical Co. (Milwaukee, WI),
Sigma Chemical Co. (St. Louis, MO), VWR (Radnor, PA) or Fisher Scientific (Chicago, IL)
and were used without further purification except as noted below. Dry methanol, ethyl
acetate, tetrahydrofuran, dimethyl formamide and hexane were prepared using a Glass
Contour Solvent Purification System (Pure Process Technology, LLC, Nashua, NH). Routine
chromatographic purification on reversed phase silica gel and preparative scale
chromatographic procedures were carried out using a Teledyne Isco CombiFlash Rf200
chromatography system (Teledyne-Isco, Lincoln, NE) fitted with silica gel 60 cartridges
(230-440 mesh). Thin layer chromatography was conducted on Merck precoated silica gel
60 F-254.

Alanine substituted cyclic peptides were synthesized using a standard Fmoc/tert-butyl
protection strategy[1] on rink amide MBHA polystyrene resin with low substitution (0.36
mmol/g) (for complete details see the Supporting Information section). Except for Lys5 and
Glul0, amino acid side chains were protected with acid labile protective groups such as tert-
butyl, N-Boc, trityl or 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl (Pbf). Amino
acids, Lys® and Glul0 were protected with the orthogonal protective groups alloc and allyl,
respectively. Prior to cyclization, the desired linear peptide sequence was obtained by a cycle
of peptide coupling and deprotection of the added residue, with synthesis proceeding from
the C terminus to the N terminus. After all side chain-protected linear peptides were attached
to the resin, the orthogonal protection on Lys5 and Glu10 were removed using an allyl
scavenger (DMBA) and Pd(PPh3)4 under an inert atmosphere. The resulting peptides were
then cyclized by forming a lactam bridge using coupling agents (CI-HOBt and HATU) and a
hindered base (DIPEA). Complete cyclization of the peptide was confirmed by comparing
the retention time of the cyclized and uncyclized peptide with analytical UPLC. In order to
rule out formation of guanidylated side products during cyclization reactions, a small
amount of resin-bound elongated Fmoc protected peptide was cleaved from the resin and
tested for analytical purity and for the desired molecular weight by LC-MS before and after
cyclization. The desired cyclic peptides were then removed from the resin using TFA and an
appropriate scavenger. In each case, crude purity was determined to be >95%, and these
peptides were evaluated as LSD1 inhibitors without further chromatographic purification.
Peptide purity was analyzed by LC-MS and UPLC chromatography, and mass detection was
conducted on LC-MS equipped with a quadrupole system, and in some cases by MALDI
high-resolution mass spectra (Table S1).

High resolution mass spectrometric data was measured in the positive ion mode using a
Bruker AUTOFLEX 111 MALDI-TOF instrument. UPLC data was obtained on a Waters
Acquity H-series ultrahigh-performance liquid chromatography system fitted with a C18
reversed-phase column (Acquity UPLC BEH C18 1.7 M, 2.1 x 50 mm). LC-MS data was
obtained in the positive ion mode using Waters LC-MS instrument (Waters 2545 quaternary
gradient module, Waters 2767 sample manager, Waters SFO fluidic organizer, Waters 3100
mass detector containing single quadrapole, and Waters PDA detector 2998) on Waters
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Xterra C18 column (3.0 x 100 mm, 5 uM). Prior to biological testing procedures, all
compounds were determined to be >95% pure by UPLC chromatography (gradient: 10 —

90 % acetonitrile in H,O over 8 min at a flow rate of 0.5 mL/min with 1% trifluoroacetic
acid as an ion pairing agent), and by LC-MS chromatography (gradient: 10 — 90 %
acetonitrile in H,O over 20 min at a flow rate of 1.0 mL/min). Experimental details and
analytical data for compound 9 appear in a previous publication.[1] Cyclic peptides 10-28
were synthesized on solid phase using a Rainin/Protein Technologies PS3 automated peptide
synthesizer. N®-Fmoc amino acids were purchased from Advanced Chemtech (Louisville,
KY) or AAPPTec (Louisville, KY). Rink amide MBHA resin LL was purchased from the
Novabiochem (Gibbstown, NJ), and reagent grade piperidine was purchased from the Sigma
Aldrich. Full details for the synthesis of the title peptides can be found in the Supplemental
Information section. Complete characterization data for compounds 10-28 can be found in
Table S1.

H-AATM-c[K3TARKEO TGG-KAPRKQLA-OH (10). UPLC retention time: 0.263
min; HRMS for Cg3H167N330,6S: Calc. 2195.59, found 2197.075 (M+2H)*.

H-ARAM-c[KSTARKEITGG-KAPRKQLA-OH (11). UPLC retention time: 5.16
min; HRMS for CgsH17oN36025S: Calc. 2250.67, found 2251.357 (M+1H)*.

H-ARTA-C[K°TARKE] TGG-KAPRKQLA-OH (12). UPLC retention time: 0.2621
min; HRMS for Cg4H17gN36056: Calc. 2220.58, found 2222.358 (M+2H)™.

H-ARTM-c[K°AARKEL TGG-KAPRKQLA-OH (13). UPLC retention time: 0.261
min; HRMS for CgsH179N36025S: Calc. 2250.67, found 2251.111 (M+1)+.

H-ARTM-c[K°TAAKEL TGG-KAPRKQLA-OH (14). UPLC retention time: 0.261
min; HRMS for Cg3H167N330,6S: Calc. 2195.59, found 2197.470 (M+2H)*.

H-ARTM-c[KSTARAEL TGG-KAPRKQLA-OH (15). UPLC retention time: 0.259
min; HRMS for Cg3H167N35026S: Calc. 2223.60, found 2225.200 (M+1H)*.

H-ARTM-c[KSTARKEIJAGG-KAPRKQLA-OH (16). UPLC retention time: 0.262
min; HRMS for CgsH17oN36025S: Calc. 2250.67, found 2253.137 (M+3H)*.

H-ARTM-c[K°TARKEIOTAG-KAPRKQLA-OH (17). UPLC retention time: 0.260
min; HRMS for Cg7H176N3g026S: Calc. 2294.73, found 2295.784 (M+1H)*.

H-ARTM-c[KSTARKE?]TGA-KAPRKQLA-OH (18). UPLC retention time: 0.261
min; HRMS for Cg3H167N35026S: Calc. 2223.60, found 2225.909 (M+2H)*.

H-ARTM-c[K°TARKEOTGG-AAPRKQLA-OH (19). UPLC retention time: 0.260
min; HRMS for Cg4H17oN35056S: Calc. 2254.66, found 2277.132 (M+Na)*.

H-ARTM-c[K3TARKEI] TGG-KAARKQLA-OH (20). UPLC retention time: 0.260
min; HRMS for Cg7H176N36026S: Calc. 2294.73, found 2334.400 (M+K)*.

H-ARAM c[KSTARKETGG-KIAPRK-NH, (21). UPLC retention time: 0.263
min; HRMS for Cg1H148N320,1S: Calc. 1937.12, found 1938.994 (M+1H)+.

H-ARAM c[K5TARKEIITGG-K14A-NH, (22). UPLC retention time: 0.255 min;
HRMS for CgaH117N25018S: Calc. 1556.84, found 1558.192 (M+2H)+.
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H-ARAM c[K5TARK®E1%]TG-NH, (23). UPLC retention time: 0.266 min; HRMS
for C53Hg7N51015S: Calc. 1300.53, found 1302.200 (M+2H)*.

H-ARAM c[K5TARKOE0] -NH, (24). UPLC retention time: 0.264 min; HRMS for
Ca7Hg7N19012S: Calc. 1142.38, found 1142.992 (M+1H)*.

H-ARTM-c[K°TARKE TGG-KAPRKQLAK(N-CH3-(CH,)16C0O)-NH, (25).
UPLC retention time: 0.253 min; MS for C1o9H221N37030S: Calc. 2692.66, found
893.1 (M+3H)*3.

H-ARAM-c[K°TARKE]TGG-KAPRKQLAK(N-CH3-(CH5)16C0)-NH, (26).
UPLC retention time: 0.252 min; MS for Cq119H219N37029S: Calc. 2662.65, found
845.6 (M+3H)*3,

H-ARTM-c[K®TARKE®] TGG-KAPRKQLAK(N-CH3-(CH5)CO)-NH, (27). UPLC
retention time: 0.269 min; MS for C112H505N37030S: Calc. 2580.54, found 855.5 (M
+3H)*S.

H-ARAM-c[KSTARKE TGG-KAPRKQLAK(N-CH3-(CH5)sCO)-NH, (28).
UPLC retention time: 0.273 min; MS for C111H293N37029S: Calc. 2550.53, found
845.6 (M+3H)*3,

2.2. Cell Culture and Reagents

Calu-6 cells (human lung adenocarcinoma ATCC-HTB-56), MCF7 (human ER+ breast
adenocarcinoma) and K562 (human myelogenous leukemia) cells were purchased from
ATCC. Calu-6 and MCF-7 cells were cultured in EMEM growth medium containing 10%
(v/v) fetal bovine serum and 5% penicillin and streptomycin. K562 cells were cultured in
Iscove's Madified Dulbecco's Medium containing 10% (v/v) fetal bovine serum and 5%
penicillin and streptomycin. All cultures were grown at 37°C in a humidified environment
containing 5% CO5.

2.3. MTS Cell Viability Assay
For the (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) (MTS) reduction assay, 2,000 cells per well were seeded in 50 pl of complete
medium in a 96-well plate and the cells were allowed to attach at 37°C in 5% CO,, for one
day. The medium was aspirated and cells were treated with 100 ul of fresh medium
containing appropriate concentrations of each test compound. The cells were incubated for
72 hours at 37°C in 5% CO,, after which 20 pL of the MTS reagent solution (Promega
CellTiter 96 Aqueous One Solution Cell Proliferation Assay) was added to the medium. The
cells were incubated for another 2 hours at 37°C under 5% CO» environment. Absorbance
was measured at 490 nm on a SpectraMax M5 instrument (Molecular Devices) equipped
with SOFTmax PRO 4.0 software to determine the cell viability. Reference wavelength 690
nM was used to subtract the background. Percent cell death was calculated by the following
equation: % Cell Death = (Abs Control — Abs sample)/Abs Control x100%. A dose response
curve was constructed for each inhibitor, and Each data point was the average of 3
determinations obtained during a single experiment + S.E.M. 1Csq values were calculated
using the GraphPad Prism 5 software package (GraphPad, San Diego, California).
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2.4. In vitro LSD1 demethylation assay

Inhibition assays were performed using a LSD1 Inhibitor Screening Assay Kit (BPS
Biosciences #50106). The substrate and all compounds were incubated in assay buffer from
30 min up to 4 hours at 37°C as described in the commercial protocol. Stock solutions of
cyclic and linear peptides were prepared in sterile water; solutions of compound 3 and
acylated peptides 25-28 were prepared in DMSO. All the succeeding dilutions for the test
inhibitors were made using the LSD1 assay buffer. The enzymatic reaction was initiated by
adding methylated peptide substrate to the LSD1 assay mixture The final volume of each
reaction well was 50 pl, containing 5 pl of a 200 uM solution of substrate peptide and 20 pl
of a 15 ng/ul enzyme solution. All compounds were diluted in 1% DMSO with assay buffer
to a final volume of 50 pL. Fluorescence was measured at the recommended wavelengths of
Aex=530 nm (excitation) and A¢m=590 nm (emission). The substrate control contained all
the above components except methylated peptide substrate and test inhibitor. The blank
contained all the above components except test inhibitor. Assay components were incubated
at room temperature for 25 min before measuring fluorescence using a SpectraMax M5 plate
reader (Molecular Devices). The blank fluorescent reading was subtracted from all
fluorescent measurements, and % enzymatic activity remaining was calculated by the
following equation: [(Test inhibitor fluorescent reading)/(positive control fluorescence
reading) x 100%]. Percent LSD1 inhibition was calculated by the following equation. [%
LSD1 inhibition = 100 — % LSD1 enzymatic activity remaining]. Each data point was the
average of 3 determinations obtained during a single experiment + S.E.M. 1Cgq
determinations for 11 and 16 were performed at the following concentrations: 10.0, 1.0, 0.1,
0.01 and 0.001 uM. Compounds were pre-incubated for 5 min at room temperature prior to
initiation of the reaction by addition of the methylated peptide substrate. ICgg was calculated
based nonlinear regression analysis of percent LSD1 inhibition data collected in triplicate
using the GraphPad Prism 5 software package (GraphPad, San Diego, California).

2.5. Western Blot Analysis

Western blot analysis was performed according to BioRad technical bulletin 6376. K562 and
Calu6 cells were plated 350,000 cells per well of a 6 well plate. Total cell volume per well
was 2.0 mL. Cells were incubated at 37° C in a humidified environment containing 5% CO,
for one day. Then, 10 pL of the test inhibitor solutions of 3, 11, 16, 27 or 28 were added. All
peptide stock solutions except 27 and 28 were prepared by directly dissolving them in a
EMEM buffer media (no FBS or PENSTRP), and their succeeding solutions were made
using EMEM buffer media. Stock solutions (200 uM) of 27 and 28 were prepared in DMSO,
and their succeeding solutions were made using EMEM buffer media. The final
concentration of DMSO in culture media was 0.005%. Control wells were excluded with
any test inhibitors. The cells were then incubated for 48 h at 37 °C. All wells were washed
with cold PBS twice and lysed with 200 uL of cold Pierce RIPA buffer (Thermo Fisher
Scientific) containing 1% of Halt Protease & Phosphatase inhibitor (Thermo Fischer
Scientific) for 30 min on ice. Individual cell solutions were centrifuged at 16,000 x g for 20
min in a 4° C pre-cooled centrifuge. The supernatant solutions were collected, measured for
protein using standard Pierce BCA Protein Assay kit (Thermo Fischer Scientific) and 20 ug
of proteins were incubated with 6x SDS-PAGE loading buffer at 95 °C for 5 min before
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loading to a 12% Mini-PROTEAN TGX stain free gels (BioRad) for SDS gel
electrophoresis. Immunaoblot analyses were done with anti-H3K4me2 and anti-GAPDH
monoclonal primary antibodies and the HRP conjugated secondary antibody purchased from
Abcam. The H3K4me2 and GAPDH bands were detected by a chemiluminescence detection
methodology with the use of a LI-COR Odyssey® Fc Imaging System (LI-COR
Biosciences). The band size and intensity for each signal were quantified using Image Studio
Lite ver5.2 (LI-COR Biosciences) and normalized to its loading control GAPDH. The
relative density value of control lysate was set as 1. To observe dose-dependent H3K4
dimethylation, K562 cells were plated at 350,000 cells per well in a 6 well plate. Total cell
volume per well was 2 mL. Cells were incubated at 37° C in a humidified environment
containing 5% CO, for one day. Then, 10 uL of varying final concentrations of test inhibitor,
28 (0.1 uM and 1.0 uM) were added to each well. All stock solutions and succeeding
solutions of 28 were prepared as mentioned above. The control well was excluded with any
test inhibitors. SDS gel electrophoresis and immunoblot analysis were performed using the
methodology described above.

2.6. Determination of ligand conformation

Conformational analysis was performed on an AMD quad core computer system equipped
with the MacroModel V.9 and Maestro V.9 graphical interface. Extended structures of cyclic
peptides were drawn using the Maestro graphical interface. The standard bond lengths and
angles, stereochemical configuration of side chains and formal charges of functional groups
at a physiological pH of 7.2 were taken into account. The structures were initially energy
minimized using the OPLS-AA force field[23] and the Polak-Ribier conjugate gradient
(PRCG). The process of energy minimization was repeated until optimization converged to a
gradient root mean square deviation (RMSD) of <0.005 kJ/A mol, or a limit of 50000
iterations was reached. The continuum dielectric water solvent model (GB/SA)[24] with
extended cutoff distances (8 A for van der Waals, 20 A for electrostatics, and 4 A for H-
bonds) was used to simulate aqueous conditions. The MCMM routine of MacroModel V.9
was used for conformational analysis. A total of 1000 search steps were set up and
conformations with energy differences of 21 kJ/mol or less from the global minimum were
saved. Standard Maestro and Discovery Studio graphical interfaces were used to measure
interatomic distances and dihedral angles, and to generate Ramachandran plots for the target
peptides. Ramachandran plots and dihedral angle analysis for substrate peptide (8) were
determined using the X-ray crystal structure of 8 bound to LSD1 (PDB ID: 2V1D).

2.7. Monoamine oxidase A and B activity assay

MAO/A/B activity was measured with the luminescent MAO-Glo assay kit (Promega,
#V1452) according to the manufacturer’s instructions. In brief, total MAO activity was
assayed by incubation of compounds with MAO/A or MAO/B enzyme solution containing
MAO substrate according to the supplier’s directions. Reconstituted luciferin detection
reagent was added, and the luminescent signal was detected with 0.5 integration time after
20 mins. Each data point was the average of 3 determinations obtained during a single
experiment + S.E.M.
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2.8. Chromatin Immunoprecipitation- Quantitative Polymerase Chain Reaction (ChIP-qPCR)

NCI-H526 cells, GSK-LSD1, SimpleChIP® Plus Enzymatic Chromatin IP kit (magnetic
beads), Tagman DNA copy assay primers and ChIP grade H3K4me2 antibody were
purchased from ATCC, Sigma Aldrich, Cell Signaling Technology, ThermoFisher Scientific,
and Abcam respectively. The ChIP-qPCR study was conducted according to Cell Signaling
technical bulletin #9005. NCI-H526 cells were incubated with the indicated inhibitors and a
control (no inhibitor), and proteins and DNA in the cells were cross-linked with
formaldehyde (see Supporting Information for more details of the procedure). Cell
membranes were lysed and nuclei were isolated. The nuclei were lysed by sonication and the
released chromatin was isolated. The chromatin was enzymatically digested and IP was
performed using specific antibodies (H3K4me2 antibody and negative control Normal
Rabbit IgG) and Protein G magnetic beads (see Supporting Information for more details of
the procedure). Chromatin was separated from magnetic beads and was reverse-cross linked
between DNA and protein and purified using DNA purification columns. gPCR was
performed to quantitate the genomic DNA copy number using TagMan DNA copy assay
primer probes and TagMan Fast Advanced Master Mix (See Supporting Information for
complete details concerning this procedure).

3. Results

The ability of alanine-substituted peptides 9-20 to inhibit LSD1/CoREST was determined
using our previously described assay[1] in the presence of a fixed concentration of the 21-
mer dimethylated substrate peptide ART-(N,N-dimethyl-K)-QTARKSTGGKAPRKQLA.
[15] Inhibition was initially determined for all compounds at an inhibitor concentration of
500 nM to measure relative activity. The results of these studies are outlined in Table 1 and
Figure S1. The previously described cyclic peptide ligand 9 was used as a positive control in
all assays involved in evaluation of LSD1 inhibition. Peptides 9-13 and 16—20 produced
inhibition between 2.0 and 98.0% at 500 nM in the relative rank order of 18 <10 <20 <19
<13<17<12 <16 <11. Substitution of Ala at position 8 (compound 14) or position 9
(compound 15) resulted in a complete loss of inhibitory activity, suggesting that Arg8 and
Lys9 residues in 9 are critical for binding of the peptide to the LSD1 active site. By contrast,
substitution of Ala at position 3 (compound 11) or position 11 (compound 16) caused a
significant increase in inhibitory potency. These data indicate that that the hydrogen bonding
capabilities of Thr3 and Thrl11 are not required for the LSD1 inhibition. For compounds that
produced inhibition = 90% at 500 nM (compounds 11 and 16) ICgq values were determined
over a concentration range of 1 nM to 10 uM. As shown in Figure 3, ICsq values for
compounds 11 and 16 were calculated to be 136 and 107 nM, respectively.

In order to understand the potent LSD1 inhibitory activity of 11 and 16, we determined the
global minimum conformations of these ligands using the Monte Carlo search algorithm
(MacroModel V.9) and compared them with the X-ray crystallographic conformation of 8
bound to LSD1/CoREST (PDB ID: 2V1D).[4] Structural superimposition of 8, 11, and 16,
shown in Figure 4 revealed that the novel ligands 11 and 16 assume backbone and side chain
conformations similar to 8 (see also Table S2 and Figure S2-S5 in the Supporting
Information section). Because overlap of these 3 backbones was greater between residues 5
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and 10 compared to the other residues, it could be suggested that N-terminal or C terminal
truncated cyclic peptides may also inhibit LSD1. In addition, inhibitors 11 and 16 feature a
right-handed a.-helical segment and a p-sheet component that are analogous to those found
in 8 (see also the corresponding Ramachandran plots in Figure S2-S5 in the Supporting
Information section).

In order to rule out off-target effects caused by inhibition of monoamine oxidase (MAO),
peptide 11 was compared to the known LSD1 inhibitor tranylcypromine (TCP) for the
ability to inhibit recombinant MAO-A and B (Figure S6). TCP exhibited ICgq values of 7.5
and 2.8 pM against MAO-A (Figure S6 Panel A) and MAO-B (Figure S6, Panel B),
respectively. By contrast, 11 exhibited I1Csq values >100 uM against both MAO-A and B.

Inhibitors 11, 12, 13, 16, 17, 19 and 20, which each produced > 25% LSD1 inhibition in the
primary assay, were evaluated for their anticancer effects in the MCF-7 breast cancer line,
the Calu-6 lung cancer cell line and the K562 myelogenous leukemia cell line using a
standard MTS cell viability assay.[1] The results of these studies are depicted in Figure S7
(Supporting Information section) and listed in Table 2. Inhibition of MCF-7, Calu-6 and
K562 cell proliferation was determined at concentrations between 0.005 uM and 5 uM for
peptides 11, 12, 13, 16, 17, 19 and 20, and between 0.005 and 5.0 uM for inhibitor 3
(positive control, see Figure 1) over a period of 72 hours. These compounds possessed
calculated 1Cgq values between 154 and 1,238 uM in MCF7 cells, between 93 and 956 pM
in Calu-6 cells and between 8.2 and 363.7 uM in K562 cells, compared to ICsq values of 5.1,
6.3 and 4.3 uM for the standard compound 3 in MCF-7, Calu-6 and K562 cells, respectively.
Interestingly, compound 13 proved to be the most effective growth inhibitor in all 3 cell
lines, and all inhibitors displayed more potent anticancer effects in K562 cells compared to
the other two cell lines (Table 2). This observation is in agreement with previous findings
that LSD1 inhibitors display superior in vitro antitumor effects in leukemia lines.[25, 26] In
the case of 11, 12, 13, 16, 17, 19 and 20, the overall poor ICs values observed in MTS assay
are likely due to poor penetration of the cell membrane by these peptides.

As outlined above, the overlap of the most active compounds 8, 9,[1] 11 and 16 was greater
between residues 5 and 10 compared to the other residues (Figures 2B and 4). In order to
determine the minimum number of C terminal residues required for LSD1 inhibition, C
terminal residues of the most potent LSD1 inhibitor 11 were systematically truncated. The
results of these studies are summarized in Table 3 and Figure S8. Synthesis of the peptide
with 3 residues (QLA) deleted at the C-terminus afforded compound 21 (18 residues). As
shown in Table 3, 21 retained the full activity of the parent peptide 11. However, the
corresponding peptide 22, where 6 residues were removed (PRKQLA), produced a 73.4%
inhibition. Further deletions, as in 23 and 24, produced peptides that inhibited LSD1 at 67.3
and 59.8%, respectively. These data suggest that a portion of the random coil “tail” structure
in 11 is necessary for optimal binding to the LSD1 active site.

Truncated cyclic peptides 21-24 were next evaluated for in vitro antitumor effects in the
Calu6 and K562 cell lines. Inhibition of cell proliferation was determined at 50.0 uM, 100.0
UM, and 1.0 uM concentrations using 3 as a positive control. The results of these studies are
shown in Table 4. Truncated peptide inhibitors 21-24 displayed no cytotoxicity in Calu6
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cells at concentrations up to 1.0 M. By contrast, peptides 21-23 produced between 9.5 and
18% cell death at 100 uM, and between 53 and 90% cell death at 1.0 uM in K562 cells.
Compound 23 proved to be the most effective in both cell lines (Table 4). As before, the
overall poor ICsq values observed are likely due to poor penetration of the cell membrane by
these peptides.

In order to increase the cellular penetration of the cyclic peptide inhibitors above, we
synthesized C10 and C18 acylated versions of 9 and 11 in which a C-terminal lysine residue
was functionalized with either decanoic acid or octadecanoic acid prior to addition to the
peptide chain. The structures of 25-28 are shown in Table 5. Compounds 25 and 27 were
based on the parent peptide molecule 9, while 26 and 28 were based on the most active
peptide in the series, 11. Compounds 25 and 26 were poorly soluble in the recombinant
LSD1 assay mixture, and thus the percent inhibition produced by these compounds at 500
nM could not be determined. Compounds 27 and 28 were more freely soluble, and inhibited
LSD1 by 86% and 71%, respectively, at 500 nM. Subsequently, the ICsq values for 25-28
against cultured Calu 6, MCF7 and K562 tumor cells in vitro was determined for each
analogue (Figure S9 and Table 6). Compound 25 proved to be the most cytotoxic agent,
exhibiting 1Cgq values of 4.4 and 7.9 uM in the MCF7 and Calu6 cell lines, respectively.
These values compare favorably with the reference compound 3, which exhibited 1Csq
values of 2.5 and 1.6 uM in the MCF7 and Calu6 cell lines, respectively.

It is well established that excessive demethylation of the activating chromatin marks
H3K4me2 and H3K4mel leads to aberrant silencing of tumor suppressor genes. To
determine whether LSD1 inhibition by the cyclic peptides described above is accompanied
by an increase in global H3K4me2 content, the effects of 3, 11, 16, 27 and 28 were
measured by western blotting in the K562 leukemia and Calu6 lung adenocarcinoma cell
lines. The results of these studies are outlined in Figures 5 and 6, and Figure S10. All
inhibitors increase H3K4 methylation when compared to the control in the K562 cell line
(Figure 5A and B and Figure S10). The acylated cyclic peptide 27 produced the greatest
increase in global H3K4me2 (17.6-fold), while the non-acylated cyclic peptide 11 produced
the least effect (2.4-fold). By contrast, 27 and 28 did not induce any changes in global H3K4
methylation in Calu6 cells compared to control (Figures 6A and B and Figure S10). These
data, and the values in Table 2, indicate that the K562 leukemia cell line is more sensitive to
LSD1 inhibition by cyclic peptide inhibitors than the Calu6 lung adenocarcinoma line,
possibly due to more dramatic changes in H3K4 methylation that lead to re-expression of
tumor suppressor proteins.

To monitor concentration dependence of LSD1 inhibition produced by cyclic peptides, a
western blot experiment was run using two different concentrations of 28 (0.1 uM and 1.0
UM) in the K562 leukemia cell line. The results of this preliminary study revealed a modest
dose dependent increase in H3K4 methylation following treatment with 28 (Figures 7A and
B, and Figure S11).

Measurement of global H3K4me2 levels in LSD1 inhibitor-treated cells is useful, but
because it is a composite of changes at all promoter sites, the results do not give a clear
picture of methylation increases at specific gene promoters. Recent ChIP-gPCR studies have
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revealed that LSD1 and H3K4me2 are enriched at specific promoter sites, and also at sites
distal to the promoters of certain genes, and inhibiting LSD1 enzyme increases H3K4me2
levels at these sites. In particular, LSD1 and the activating chromatin marks H3K4me and
H3K4me2 are enriched at sites 2000 base pairs surrounding the transcription start site of 2
genes, insulin like growth factor binding protein (IGFBP2) and fasciculation and elongation
protein zeta (FEZ1), in the NCI-H526 small cell lung carcinoma line.[27] To evaluate
whether the cyclic peptides described above enhanced localized H3K4me2 content at these
promoter sites, the effects of 16, 27 and 28 were evaluated by ChIP-gPCR, using the known
tranylcypromine-based LSD1 inhibitor GSK-LSD1 as positive control. The ChIP
immunoprecipitation step was performed using H3K4me2 antibody and a negative control
antibody (normal rabbit 1gG). The relative degree of expression of H3K4me2 levels
compared to control were quantitated using gPCR in combination with the comparative CT-
Livak method of analysis (see supporting material for complete ChIP-qPCR procedure).
Tagman DNA copy number assay primers were selected because of their high target
specificity. At both promoters, compound 28 promoted the greatest increase in H3K4me2
levels, whereas 16 produced the smallest change. Importantly, the cyclic peptide analogues
27 and 28 were more efficient at promoting H3K4 methylation at IGFBP2 and FEZ1 when
compared to GSK-LSD1 (see Figures 8 and 9). ChIP-gPCR done using a negative control
(normal rabbit IgG antibody) produced overall low fold expression, and represents
nonspecific binding during immunoprecipitation.

4. Discussion

In our previous publication, we reported a series of cyclic peptides related to 8, a 21-mer
peptide inhibitor of LSD1 that is a mimic of the lysine 4 substrate area of histone 3, an
activating chromatin mark.[1] The most active cyclic peptide in the series, 9, retained the
inhibitory activity of 8, and was significantly more stable to hydrolysis in plasma. In the
present study, we designed a series of 11 alanine mutants of 9 (compounds 10-20) for use as
probes to determine critical residues in the substrate. As outlined above, substitution of Ala
for Arg8 or for Lys9 produced inactive peptide inhibitors, and substitution of Ala for Arg2,
Met4, Thr6, Gly12, Gly13, Lys14 and Pro16 produced significant reductions in inhibitory
activity. By contrast, substitution of Ala for Thr9 and Thr11 resulted in a significant increase
in potency. These data suggest that the charged side chains at Arg8 and Lys9, both of which
lie in the center of the cyclized sequence, contribute greatly to the ability of the peptide to
bind to the LSD1 active site. It also indicates that H-bonding with Thr9 and Thr11 does not
contribute significantly to binding of the peptide to LSD1. Removal of the charged side
chain at Lys14 reduces activity by 50%, probably by disrupting a required ionic interaction.
Removal of Prol6 likely changes the orientation of the N-terminal random coil, and thus
reduces activity by 72%. Importantly, substitution of Ala for Met4, a residue that is critical
to binding of the linear peptide inhibitor 8 to the active site,[4] reduces activity by less than
20%. This observation can be attributed to the fact that Met4 in the cyclic peptide inhibitor 9
is in a different orientation in 8, such that it is not critical for active site affinity.

Removal of 3 residues at the C terminal produced an 18-mer peptide that retained the
inhibitory activity of 11. However, removal of 3 additional residues produced an inactive 15-
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mer peptide. This would indicate that a minimum of 16-18 amino acids are required for
optimal binding of a cyclic peptide derived from 11. The effects of truncation at the amino
terminus will be determined in a future study.

Although cyclic peptides 9, 11, 12, 13, 16, 17, 19 and 20 act as potent inhibitors of
recombinant LSD1/CoREST, their effects on tumor cell growth are negligible, except for 13
in the case of K562 leukemia cells (Table 2). This lack of cellular activity is most likely due
to poor penetration of the cell membrane. We thus synthesized acylated versions of the
potent cyclic peptide inhibitors 9 and 11 by appending a lipid-bearing Lys residue at the C-
terminus. Compounds 25 and 26, which featured an 18-carbon fatty acid substituent on the
terminal Lys, were poorly soluble in the LSD1 assay buffer, and as such we were unable to
determine a % inhibition at 500 nM. However, compounds 27 and 28, which possessed an 8-
carbon fatty acid substituent, retained most of the inhibitory activity of 9 and 11 in the
purified recombinant LSD1/CoREST assay. All 4 acylated peptides were sufficiently soluble
in the MCF7, Calu-6 and K562 cell culture preparations, and produced significant growth
inhibition at 72 hours (Table 6) in both MCF7 and Calu-6 cell lines. The most effective of
these compounds, 25 and 26, exhibited 1Csq values less than 5 pM in the MCF7 line, and
less than 11 uM in the Calu6 cell line. These values are comparable to the ICsq value of the
standard compound 3 in both MCF7 (5.1 uM) and Calu-6 (6.3 uM) cell lines.

As described above, the C-terminal truncated analogue 21 possessed no antiproliferative
activity in Calu6 lung adenocarcinoma cells, despite acting as a potent inhibitor of the
recombinant enzyme. The shorter peptides 22, 23 and 24, which were not inhibitors of
recombinant LSD1/CoREST, were also inactive in Calu6, as expected. Interestingly, all 4 C-
truncated cyclic peptides 21-24 had antiproliferative activity in the K562 leukemia line, but
this modest effect was significant only at high concentration (1.0 uM). By contrast, the
acylated LSD1 inhibitors 25 and 26 had activity against MCF7 and Calu6 cells in vitro that
was comparable to the known anti-proliferative LSD1 inhibitor 3, as determined in MTS cell
viability assays (Table 6).

Overall, K562 leukemia cells were more sensitive to the antiproliferative effects of cyclic
peptide LSD1 inhibitors, when compared to Calu6 and a few of them tested in western blot
analysis indicate that they more sensitive to increase in global H3K4Me2 levels in K562
cells compared to Calu6 cells. It can be suggested that these LSD1 inhibitors which are high
sensitive to K562 cells due to the fact that they enhances high H3K4Me methylation content
leading to increase tumor suppressor genes important for potent antitumor effects.

Compound 27 promoted the greatest increase in global H3K4 methylation effect among the
inhibitors tested, even though it displays a lower degree of LSD1 inhibition compared to 11
and 16. This indicates that fatty acid modification supports internalization of 27 into cells,
helping it reach its target, and producing a greater level of LSD1 inhibition inside the cell,
thereby enhancing global H3K4 methylation.

Because LSD1 inhibitors increase H3K4me and H3K4me2 levels at gene promoter sites for
IGFBP2 and FEZ1, and thus regulate gene transcription,[27, 28] increases in H3K4mel and
H3K4me2 at these sites correlates with LSD1 inhibition in vitro. This prompted us to
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employ ChIP to investigate whether our linear and cyclic peptide LSD1 inhibitors displayed
similar effects. Several inhibitors (16, 27,28 and GSK-LSD1) were compared to control for
the ability to alter methylation levels at the promoter sites of IGFBP2, FEZ1 and ribosomal
protein L30 (RPL30) in SCLC cells. RPL30 was measured as an endogenous control in this
study. ChIP-gPCR results revealed that 28 displayed the highest H3K4 dimethylation,
whereas 16 showed the lowest methylation at both promoter sites. These data suggest that
the low methylation levels of linear peptide LSD1 inhibitor, 16 could be due to its poor cell
permeability. GSK-LSD1 was found to be somewhat less effective at increasing H3K4me2
levels at both promoter sites when compared to cyclic peptides 27 and 28 at 100 pM
concentration (see Figures 8 and 9). Based on these results we postulate that the fatty acid
derivatization of peptides 27 and 28 promotes cell permeability, thus allowing them to
interact with the target enzyme at a higher concentration.

5. Conclusions

In summary, alanine scanning mutagenesis was used to identify residues in our previously
studied cyclic peptide LSD1 inhibitors that are critical for active site binding, and in so
doing revealed analogues that are 2.8 to 3.6-fold more potent against recombinant LSD1/
CoREST. In silico studies suggest that the cyclic portion of the structures of these inhibitors
are largely superimposable. Immunohistochemical experiments reveal that compounds 3, 11,
16, 27 and 28 at 10 uM produce global increases in H3K4me2 levels between 2- and 17-fold
in K562 leukemia cells, but that these effects are modest in the less sensitive Calu-6 lung
adenocarcinoma tumor cell line. The effect of 28 was shown to be dose-dependent when
assayed at 0.1 and 1.0 pM. These results indicate that the acylated cyclic peptide derivatives
27 and 28 have improved pharmacokinetic properties that allow some degree of cell
penetration, suggesting that lipidation of these cyclic peptides is a viable delivery strategy in
vitro. Finally, ChIP/gPCR studies demonstrate that increases in H3K4 methylation are
observed at the promoters for the IGFBP2 and FEZ1 genes, which are regarded as reliable
biomarkers for LSD1 inhibition, following treatment with 16, 27 and 28. In the case of 27
and 28, these increases are significantly greater than those observed with the
tranylcypromine-based LSD1 inhibitor GSK-LSD1. Future studies will focus on the
synthesis of peptidomimetics that exhibit enhanced potency, greater stability and more
favorable pharmacokinetic parameters. The synthesis of LSD1 inhibitors of this type is an
ongoing concern in our laboratories.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Short cyclic peptide inhibits lysine-specific demethylase 1 with an ICgq of

385 nM
. Alanine scanning reveals critical binding residues and yields improved

inhibitors
. Cyclic peptides superimpose on X-ray structure of enzyme-bound inhibitor
. Peptides truncated at the C-terminal lose activity at 15 residues or below

. Lipidated peptide inhibitors retain activity and exhibit enhanced cell
penetration

. ChIP immunoprecipitation indicates epigenetic changes at two gene
biomarkers
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Figure 1.

Chemotypes of known reversible and irreversible LSD1 inhibitors.
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Figure 2.
Panel A. Structures of the linear peptide LSD1 inhibitor 8 and the cyclic peptide LSD1

inhibitor 9. Panel B. Overlay of the least-energy conformations of 8 and 9.
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Figure 3.

ICsq determination for compounds 11 (Panel A) and 16 (Panel B). Each data point is the
average of 3 determinations obtained during a single experiment + S.E.M. SEM values and
95% confidence intervals for these 1Cgq values are reported in Table S4 in the supporting

information.
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Figure 4.
Superimposition of the least energy conformers of peptides 8, 11, and 16. The backbone

structure of 8, 11 and 16 are depicted in green, red and blue, respectively.
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Figure 5.
Panel A. H3K4me2 expression levels in K562 leukemia cells following 48-hour exposure to

10 uM concentrations of 3, 11, 16, 27 and 28, as measured by western blot analysis. Panel B.
Graphical representation of H3K4me2 expression levels in K562 leukemia cells following
48-hour exposure to 10 pM concentrations of 3, 11, 16, 27 and 28. (See supporting material
for raw data extracted from western blots).
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Figure 6.
Panel A. H3K4me2 expression levels in Calu6 lung adenocarcinoma cells following a 48-

hour exposure to 10 uM 27 or 28, as measured by western blot analysis. Panel B. Graphical

representation of H3K4me2 expression levels in Calu6 lung adenocarcinoma cells following
48-hour exposure to 10 uM concentration of 27 or 28. (See supporting material for raw data
extracted from western blots).
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Figure 7.
Panel A. Global H3K4me2 expression levels in Calu6 lung adenocarcinoma cells following

a 48-hour exposure to 0.1 and 1.0 uM concentrations of 28, as measured by Western
blotting. Panel B. Graphical representation of H3K4me2 expression levels in Calu6 lung
adenocarcinoma cells following a 48-hour exposure to 0.1 and 1.0 UM concentrations of 28.
(See supporting material for raw data extracted from Western blots).
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Figure 8.

Inhibition of LSD1 by 16, 27, 28 and GSK-LSD1 increases H3K4me2 marks at the
promoters of the IGFBP2 gene. NCI-H526 cells were treated with 100 uM of the indicated
inhibitors for 48 h. The quantitated results represented from SD from means derived from
data of three wells of qPCR.
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Figure 9.
Inhibition of LSD1 by 16, 27, 28 and GSK-LSD1 increases H3K4me2 marks at the

promoters of the FEZ1 gene. NCI-H526 cells were treated with 100 uM of the indicated
inhibitors for 48 h. The quantitated results represented from SD from means derived from
data of three wells of qPCR.
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Table 1

Inhibition of recombinant LSDI/CoREST by alanine mutants of compound 9.

Cmpd | Sequence Alanine Position % inhibition of
LSD1 at 500 nM
8 H-ARTMK>TARKS!°TGGKAPRKQLA-OH -- 1Cs0 51 NnM[2] K; 40 nM[4]
9 H-ARTM-c[K’TARKE] TGGK“APRKQLA-NH, -- 2.3+ 1.31Cg 2.1 uM; K; 385 nM[1]
10 H-A ATM-c[KSTARKE'")TGGKAPRKQLA- NH, 2 25+8
11 H-AR AM-c[KSTARKE] TGGK*APRKQLA- NH, 3 98 £ 1 I1Cgy 136 nM
12 H-ART A-c[K’TARKE]TGGKAPRKQLA- NH, 4 81+2
13 H-ARTM-c[K® AARKE'\] TGGKAPRKQLA- NH, 6 63+1.8
14 H-ARTM-C[K5TA AKE'))TGGKAPRKQLA- NH, 8 0
15 H-ARTM-c[K5TAR AE] TGGKAPRKQLA- NH, 9 0
16 H-ARTM-c[KSTARKE?] AGGKAPRKQLA- NH, 11 93+ 3; IC5 107 M
17 H-ARTM-c[KSTARKEL]T AGKAPRKQLA- NH, 12 725
18 H-ARTM-C[KSTARKEX]TG AKAPRKQLA- NH, 13 9+0.7
19 H-ARTM-C[KSTARKEX]TGG AAPRKQLA- NH, 14 52+ 10
20 H-ARTM-C[KSTARKEX] TGGKA ARKQLA- NH, 16 28+ 12

Page 26

Percent inhibition values reported are the average of 3 determinations obtained during a single experiment + S.E.M. The Ala residues represented in
red are those replacing the original residue; positions 1, 7, 15 and 21 are Ala residues already present in the base structure. Positions 5 and 10 were
not replaced, since they are involved in the cyclic lactam structure. SEM values and 95% confidence intervals for these 1C5Q values are reported in

Table S3 in the supporting information.
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Table 2

ICsq values for compounds 3, 11, 12, 13, 16, 17, 19 and 20 in cultured MCF-7, Calu-6 and K562 cells
following 72-hour treatment.

Compound | ICg (MCF7) | ICgq (Calu-6) | 1Cs (K562)
M M’ M’
3 51 6.3 4.3
9 152.6[1] 157.6[1] ND
11 566 586 363.7
12 1238 956 138.8
13 154 93 8.2
16 168 93 359
17 1011 766 42
19 156 159 198
20 385 409 35.6

*

IC50 values were derived from dose-response curves wherein each data point is the average of 3 determinations obtained during a single
experiment + S.E.M., as shown in Figure S7. SEM values. and 95% confidence intervals for these IC5( values are reported in Tables S5-S7 in the
supporting information.

ND = not determined
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Table 3

Inhibition of LSD1/CoREST by 11 and truncated cyclicpeptides 21-23.

Cmpd | Sequence # of %
residues inhibition
of LSD1 at
500 nM

11 H-AR AM-c[KSTARKEX]TGG-KAPRKQLA-OH 21 99.20 £ 0.8 IC5q 136 NM
21 H-AR AM c[K5TARKE TGG-KM“APRK-NH, 18 98.05 + 0.57
22 H-AR AM c[KSTARKE]TGG-KA-NH, 15 73.43+3.75
23 H-AR AM c[KSTARKE]TG-NH, 12 67.31+5.81
24 H-AR AM c[K5TARK®E] -NH, 10 59.78 £5.71

Page 28

Percent inhibition values reported are the average of 3 determinations obtained during a single experiment + S.E.M.. The Ala residues represented
in red are those replacing the original residue; positions 1, 7, and 15 are Ala residues already present in 11. SEM values and 95% confidence
intervals for these % inhibition values are reported in Table S10 in the supporting information.
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Table 4

Percent cell death produced by compounds 3 and 21-24 in cultured in cultured Calu-6 and K562 cells
following 72-hour treatment

Cmpd | Sequence # of % cell % cell
residues death death
Calu 6 K562
3 verlindamycin - 83 £2.7 (50 pM) 88 + 4.4 (50 pM)
21 H-AR AM c[K3TARKE]-TGG-K¥APRK-NH, 18 inactive 9.5+ 6.7 (100 uM) 59 + 8.1 (1.0 pM)
22 H-AR AM c[K°TARKEL]-TGG-K*A-NH, 15 inactive 11 +3.2 (100 pM) 53 + 11.3 (1.0 pM)
23 H-AR AM c[K’TARK®E%]-TG-NH, 12 inactive 18 +3.7 (100 pM) 90 + 9.4 (1.0 uM)
24 H-ARAM c[K5TARK®E] - NH, 10 inactive ND

Percent inhibition values reported are the average of 3 determinations obtained during a single experiment + S.E.M.. The Ala residues represented

in red are those replacing the original residue. Inactive indicates no growth inhibition at a concentration of 100 uM.
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Inhibition of LSD1/CoREST by 25-28 at a concentration of 500 nM.

Table 5

Cmpd Sequence %
inhibition of
LSD1 at 500
nM
25 H-ARTM-¢[K’TARK’E!"]TGGK APRKQLAK-NH, | N.D. (solubility)
-
N
0
26 H-ARAM-c[KSTARK’E"* ITGGKM APRKQLAK-NH, | N.D. (solubility)
-
N
0
27 H-ARTM-c[KSTARKE'’ JTGGK" APRKQLAK-NH, 86+3.1
N »/\J
SN N N
o}
28 H-ARAM-¢[K’TARK?E"]TGGK " APRKQLAK-NH, 71+34

8]

Each data point is the average of 3 determinations obtained during a single experiment + S.E.M..

N.D. = not determined.
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Table 6

ICsq values for compounds 3 and 25-28 in cultured in cultured MCF-7, Calu-6 and K562 cells following 72-

hour treatment.
Cmpd | 1Cs (MCF7) | 1Cs (Calu-6) | 1Cs, (K562)

um” M’ M’
3 25 16 4.3
25 4.4 7.9 ND
26 4.6 10.1 ND
27 36.1 924 ND
28 28.1 40.2 95.1

*
IC5 values were derived from dose-response curves shown in Figure S9. SEM values and 95% confidence intervals for these 1C5Q values are
reported in Tables S8 and S9 in the supporting information.

ND = not determined.
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