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Using the available X-ray diffraction crystal structure of LSD1 as a starting point,?®
designed a series of small molecules as potential inhibitors taking the key pharmacophore
features identified for the MAO-, the polyamine/guanidine and methionine based peptide
inhibitors into account (Figure 1) being linked through an oxazole moiety. 1% 27 29 234 The
Schrodinger molecular modelling suite was used to visualize the three-dimensional structure
of LSD1 and predict the docking sites, inhibitory interactions and the theoretica

effectiveness of small molecules.

4.4 Results and discussion:

4.4.1 Chemistry:

The synthesis of target compounds and their derivatives was efficiently performed using the
reaction sequence as shown in Scheme 1.

3-nitrobenzamide derivatives 2** were readily obtained by reacting appropriate 3-
nitrobenzoic acids (la-c) with methionine methyl ester hydrochloride in the presence of
HBTU, followed by treatment with LiOH H,0, to give rise to the corresponding carboxylic
acids 3. Those were subsequently converted to keto-amides 4 in the presence of acetic
anhydride and pyridine via a Dakin-West type reaction.® After refluxing with POCls, the
keto-amides 4 cyclized spontaneously to produce the 3-nitro phenyl oxazole derivatives

5a-c> which on reduction with SnCl, 2H ;0 afforded 3-amino phenyl oxazole derivatives 6.%°
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Scheme 1. Synthesis of substituted 3-guanidine phenyl oxazoles
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Scheme 2: Synthesis of analogues 10-14 of 6b

The installation of a bis-BOC protected 3-guanidine group was achieved by treating 6 with
N*,N?-bis-(tert-butoxycarbonyl)-S-methylisothiourea (7),*° to give the corresponding 3-
guanidine phenyl oxazole derivatives 8. Finally, on deprotection with trifluoroacetic acid 3-
guanidine phenyl oxazole derivatives 9 were obtained. A number of N-substituted derivatives
(10-14) were aso prepared via N-acylation, N-sulfonation or N-alkylation of 6b (Scheme 2).
All synthesized compounds were fully characterized by spectroscopic methods (NMR, IR,
MS and HRMS).
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4.4.2 Phar macology:

4.4.2.1 Cél viability

Having synthesized the desired target molecules 6 and 9 along with 10-14 we performed their
pharmacologica evaluation in vitro determining cell viability by aMTT assay. Initialy, these
compounds were subjected to cervical cancer cell line HeLa and breast cancer cell line MDA-
MB-231 with concentrations ranging from 0.5 nM to 3.7 nM (log concentrations) for 36h.
.Among the compounds tested 6a, 6b, 9a and 9c showed significant inhibitory effects on cell
a 1 nM (Table 1). The data was plotted with log (compound concentration) on the x-axis and
% viability of cells on the y-axis (Figure 6-10).
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Figure 6: Log Concentration Vs % Viable Cellsfor Compound 6a against HeLa and MDA-MB231 Cellsby MTT assay
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Figure 7: Log Concentration Vs % Viable Cellsfor Compound 6b against HeLaand MDA-MB231 Cellsby MTT assay
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Figure 8: Log Concentration Vs % Viable Cellsfor Compound %9a against HeLa and MDA-MB231 Cellsby MTT assay
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Figure 9: Log Concentration Vs % Viable Cellsfor Compound 9c against HeLaand MDA-MB231 Cellsby MTT assay
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Figure 10: Log Concentration Vs% Viable Célsfor 10% DM SO Control against HeLa and MDA-MB231 Cellsby MTT assay

From these data it was evident that a guanidine moiety did not offer any significant
advantages over an amino group (e.g. 9a and 9c vs 6a and 6b) with respect to in vitro
activities. 1Csp values were calculated for al test compounds and are shown in tablel. 1Cs
values for 6a were 1.29nm for HeLa and 1.328 nm for MDA-MB-231 cells, 6b were 1.22nm
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for HeLa and 1.202nm for MDA-MB-231 cells, 9a were 1.48nm for HeLa and 1.328nm for
MDA-MB-231 cdlls, 9c were 2.14nm for HeLa and 1.035nm for MDA-MB-231 cells.

4.4.2.2 In vitro LSD1 activity

The in vitro LSD1 activity assays showed that compounds 6a, 6b and 9a showed detectable
inhibition of in vitro LSD1 activity at a concentration of 1 pM whereas all the other
compounds showed no detectable inhibition. A concentration response study of the above
compounds was performed using concentrations of 10 uM, 1 uM, 0.1 uM, 0.01 uM and
0.001 puM. 1Csp values were then cal culated with compound 6a showing 16.1uM, 6b showing
10.2uM and 9a showing 9.5uM 1Csp values. The datais summarized in table 1.

4.4.2.3 Zebrafish embryo toxicity and apoptosis

Developing embryos of the zebrafish Danio rerio are excellent animal models for studying
specific developmental effects of small molecules, thus allowing effective in vivo evaluations
of potential drugs before embarking on highly expensive studies on mice and humans.**The
histone demethylase LSD1 is known to be encoded by the zebrafish genome®, and the
protein sequence has 85% sequence identity with that of human LSD1 protein. This makes
the zebrafish embryo an attractive in vivo model to evaluate the effects of small molecules as
LSD1 inhibitors as well asin vivo toxicity-related effects.

ICso values calculated using non-linear regression analysis in the software GraphPad Prism.
The data was plotted with log (compound concentration) on the x-axis and % initia activity

on the y-axis (Figurell).
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Figure 11: Log Concentration Vs % Initia aactivity for compounds 6a, 6b and 9a against LSD1

Compounds 5c¢, 5b and 9b showed general toxicity-related effects in zebrafish embryos, with
death resulting after 24h of treatment at 10uM. Compounds 6b, 9a and 9c¢ showed increased
apoptosis a 10 uM with no general toxicity-related effects even after 72h of treatment. The
data is summarized in table 1 and the microscopy images of treated embryos are shown in
figure 2. The data clearly show increased apoptosis as indicated by acridine orange
fluorescence, especially in the area of the brain. This observation is consistent with reported
brain-rel ated effects of LSD1 inhibition.”

Table 1. Summary of the pharmacological evaluation of compounds.
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NH
6a 6b %9a 9c
HeLacdl viability  1.29 nm 1.22 nm 1.48 nm 2.14 nm
(1Cs0)
MDA-MB-231 cell 1.328 nm 1.202 nm 1.328 nm 1.035 nm
viability (1Csq)
InvitroLSD1 16.1 uM 10.1 uM 9.5 uM >50uM
inhibition (1Csp)
Zebrafish embryo Insignificant Yes (10 uM) Yes (10 uM) Yes (10 uM)
apoptosis
Zebrafish embryo None None Not done None

toxicity
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Our results indicate that compounds 6a, 6b, 9a and 9c possess biological activity related to
mechanisms involved in cell viability. The data from in vitro LSD1 inhibition is consistent
with compounds 6a, 6b and 9a possessing LSD1 inhibition properties, athough the 1Cs
values are higher by an order of 10*. This suggests that the activity of the compounds on the
cells tested is mediated by additional effects apart from LSD1 inhibition. Possible effects
include those on epigenetic modifications other than histone methylation, such as histone
acetylation and DNA methylation leading to a significant suppression of cell viability. Such
non-specific epigenetic effects are plausible because the compounds were designed based on
structural features of the LSD1 protein and that of other known inhibitors of LSD1.

The data from studies with zebrafish embryos shows that compounds 6b, 9a and 9c result in a
significant increase in apoptosis (Figure 12), with no general toxicity-related effects. The
treatment was done at a concentration of 10 uM, which is in the range of in vitro LSD1
inhibition 1Cso values. The significant difference in activity shown by the compounds in cells
and in zebrafish embryos suggests that the cancer cells used may possess features (such as
specific mutations or epigenetic targets) which make them more sensitive to the effects of
LSD1 inhibition, compared to the developing zebrafish embryos which represent a non-
diseased, living organism. This is plausible since cancer cells are known to have severa
accumulated defects compared to normal cells. Our data thus support the possibility that the
compounds are selective for cancer cells over normal cells. Overal, the results of our detailed
pharmacological analysis suggest that compounds 6b and 9a possess biological activity
consistent acrossin vitro, cell culture and in vivo systems.

Untreated
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Compound 6b 10 uM

Compound 9a 10 pM

Compound 9¢ 10 uM

Figure 12: Zebrafish embryos treated with compounds and stained with acridine orange.
Brightly stained spots, highlighted with a circle represent apoptotic cells with fragmented
nuclel.

4.4.3 Molecular modeling
To understand the binding mode and stability of ligand receptor complexes we performed

molecular modeling studies (Docking analysis and Molecular dynamics simulations) using
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6a, 6b and 9a against LSD1 (Figure 13-15). Docking studies predicted good binding
interaction with the LSD1 enzyme. The amino group of molecule 9a was perfectly locked
with Thr-335, Tyr-571 and His-812 by hydrogen bonding whereas the oxazole ring
participated in a  stacking with Tyr-761. The sulfur atom of molecule 6b was involved in H-
bonding with Met-332 and Val-333. In case of molecule 6a, the oxazole and the phenyl ring
showed a good stacking with Tyr-761 and Trp-751, respectively. The docking score and

LSD1 inhibition data has a nice correlation with each other.

Table 2: Contribution of glide XP termsin docking score

Comp. GScore | LipophilicEvdW | HBond | Electro | PhobEn | LowMW
6a -5.43 -39 -0.7 -0.2 -0.5 -0.5
6b -6.50 -4.8 -0.8 -0.4 -0.3 -0.5
%9a -6.74 -5.0 -0.7 -0.5 -0.5 -0.5

LipophilicEvdW: Chemscore lipophilic pair term and fraction of the total protein-ligand vdw energy
HBond: Rewards for hydrogen bonding interaction between ligand and protein

Electro: Electrostatic reward

PhobEn: Hydrophobic enclosure reward

LowMW:Reward for ligands with low molecular weight
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Figure 14: Binding orientation and interactions 6b at the LSD1linhibitors binding si




