Cheminformatics driven development of novel therapies for
drug resistant prostate cancer
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Prostate Cancer

Estimated new cancer cases in males
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AR Mechanism of Action

Prostate C Androgen Receptor
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AR Conventional (LBD) Targeting
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Structural Domains of AR
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N-terminal domain
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AR Inhibitors as Prostate Cancer Drugs

« AR inhibitors are used as androgen deprivation therapy
« They all exhibit similar mode of action (target DHT site)

« They share similar chemical scaffold

Nilutamide Flutamide
H3C
0 CH, CH,
§)<NH F3C HWN)\
F.,C N CH,
o 1
o O,N
O,N
Enzalutamide Bicalutamide ARN-509
HC N F
HO o S~ o s t
CH, H O\\//
O\ o, F ) FSCD/NWS\Q\ NNANQ/«N/CHa
CH
N

aplace of mind
THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER
PROSTATE CENTRE
A UBC & VGH Centre of Excellence

v +
e:
» »
O
c
[}
o]

’’’’’’’



Identification of AR mutants using liquid biopsy
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Factors that Causes Resistance to Anti-AR Drugs

Mutations in the DHT site hampers the efficacy of known anti-androgens

AR-FETTL VS Enzalulamide
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Circulating Cell Free DNA
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Specific Case: Patient VC-012

%Activation normalized to WT
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VC-012 progressing on bicalutamide
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Specific Case: Patient VC-012

VC-012 progressing on enzalutamide
T878A/S889G-AR Inhibition
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Agonist effect of anti-androgens on AR mutants

- R IR 81 83| 3|3 3 ® | Agonistic
Patient Sample ID % 00 03 ODO & @ ODO % g % 3 | response
A
VC-001_JC_01Aug13 Y
Y A Ongoing
A
VC-001 v
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A H
H
VC-005 | VC-005_JWR_29Aug13 K
VC-012_LW_13Augl3 Vv
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G
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L A
A G
VC-014 VC-014_PW_29Aug13 G
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VC-064 | VC-064_PSS_27Febl4
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Structural Domains of AR

1 559 624 676 919

BF3 Site
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ZINC Leadlike Database
~4 Million Compounds

~2 Million Compounds

Consensus
scoring

> Visual
inspection
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Inhibition of AF2 coactivator binding, AR

transcriptional activity and SPR

VPC-4107 VPC-0100
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The comparison between docked and experimental
orientation of CMPD61 inside the AF2 site
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Rounds of Virtual Screening

B Non-Actives
B Actives

First Round Second Round
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% Activity compared to controls

200 - Several Hundreds Compounds Tested: flat SAR
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Several Hundreds Compounds

ested: flat SAR

VPC-0061

IC50=30.6 uM

VPC-7051

IC50=2.5 uM
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Structural Domains of AR

1 559 624 676 919

BF3 Site
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Four BF3 crystallographically confirmed hits
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Identification of N
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= = 1C5p=7.4uM NH
PO t e n t B F 3 I n I I to rS Search for different linkers using ROCS
(Shape Tc > 0.8)
' OCS |
using R N
N//
R
Shape Tc>0.7 Shape Tc>0.7
D ICs (M) ID IC5o (UM) ID R IC5o (uM)
13235 221 13303 2-CF3 4.46 13259 1-CF3 0.31
13304 2,4-Cl 7.27 13256 - 0.38
13299 3-Me 8.16 13255 1-Cl 0.52
13300 3-OMe 9.33 13225 1,3-Me 0.70
13310 2,3-Me 10.31 13254 3-Cl 1.20
13345 1,6-Cl 13.89 13257 3-Me 4.18
13320 2-OMe 25.23 13258 1-Ph 6.78
13321 2,3-Cl 25.78
13309 1,3-Br 27.21
ROCS search based on 2)13235
(Shape Tc > 0.7)
R1_ R\
R /4 N
R HN N\
Y
| Shape Tc>0.7
R2 Q
ID Group  IC;o(uM) ID R I1Cs(uM)
13127 X=C, Y=N 0.60 13163 - 0.31
13166 X=C, Y=N, 1.69 13164 Me 0.43
R,R,=Me
13167  X=N,Y=C, 191
VANCOUVER R.=NO .
PROSTATE CENTRE N Munuganti RS et al, ] Med Chem, 2013
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Binding Pose of VPC-13163
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Effect of 13163 on MDV-resistant cell line

LNCaP

% of control
(R1881 0.1 nM)

100+

804

60-

13163: 0.216 uM
MDV3100: 0.090 uM
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MR49F cell line

PSA units
20-

-
—

o 1 2 3
Log Concentration {uM)

13163: 7.031 uM
MDV3100: Inactive
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Med Chem Derivatives of 13163
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13521
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13510
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Me
Me
Me
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IC;, IC;,
4.7 1.60 Mar’13
0.39 0.31 Mar’13
2.84 3.10 Mar’13
0.4 0.26 Feb’13
0.18 0.20 Jan’13
Br 1.69 2.01 Aug’12
Br 3.80 4.14 Aug’12
Br 4.21 4,54 Aug’12
2.70 4.81 Aug’12
>25 Dec’12
Br >25 Dec’12
Br >25 Dec’12
>25 Dec’12
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In vivo effect of VPC-13822
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CRPC Resistance Driven by AR Splice Variants

Lallous et al. Int J Biol Sci 2011; 7(6) 815-822

AR Gene
(exons)
1 2-3 4 5-8
WT AR/AR1 ; ¥ oD
AR-V1/AR4 Hu et al., 2009
AR-V3/AR6 Hu et al., 2009
AR-V7/AR3 Guo et al., 2009; Hu et al., 2009
4 8
AR-V12/ARV567es r @i Sun et al., 2010; Hu et al., 2011

1a 2-3 4 5-8

« NEED FOR DRUGS WITH NOVEL MOA,
targeting both full length and splice
variants of AR
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Structural Domains of AR
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DBD is the Most Conserved Area of all NRs

560 570 580 590 600 610 620

AR-DBD
ER-DBD
GR-DBD

PR-DBD
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Novel Strategy to Target AR

Hypothesis: Targeting alternative functional sites on AR should
provide a promising strategy for treatment of PCa including its
resistant forms where known mutations and splice variants
hamper efficacy of the current drugs
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In Silico Screening Workflow

Protein structure Molecular docking
(50M-100M molecules)

Computational
protocols
(~10,000)

!

Virtual Hits
(100 to 200)

Small Molecule

(500,000,000)
“5“*0
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Experimental Screening Workflow

Activity in

AR eGFP/PSA

assay

Activity in v7
assay

Cell

proliferation

assay

AR DBD
mutations
confirmed

BLI binding
detection to
AR DBD
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Lead optimization

In vivo studies

Rescreen
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Initial in silico hits

VPC-ID Structure eGFP IC50 (uM)  PSA IC50(pM)
HN—
N=
14203 S 3.17+0.3 3.91
[’:a i
14320 [wl-mlf:ﬁ 4.20+0.6 2.26
=N
N
14378 oSS 7.41%0.4 8.08
NH.
N=
14204 oY 7 9.16 £0.5 10.6
=
14410 > N ® 9.84 %3 N/A
OH
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MedChem analogues, 1st round

eGFP IC50 PSA IC50
VPC-ID Aring B ring Cring

(M) (LM)

14228 0.33+0.12 0.28
%
14103 "a@;ﬁ 0.52+0.03 0.51
14385 1 062:006 N/A
FaC

14292 @2_ 0.61 + 0.02 0.58
14203 () 0.62 +0.06 0.52
14255 — Mt 0.65 + 0.06 0.41
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MedChem analogues, 2nd round

(AYEN N0
ID Ring A eGFP IC50 (uM)  PSA IC50(uM)
N\
14449 Er.)"""'{ér 0.10 + 0.05 0.17
F.,  OCH;
14370 F@% 0.18 £+ 0.01 0.25
M, /
=
14408 4 0.25 + 0.05 0.43
14404 S@’%‘ 0.26 £ 0.02 0.22
F, OH
—
14365 ¢ N 0.27 £ 0.04 0.15
:DGH;:,
14367 F 3 0.30 £ 0.02 0.23
M r;:\_N .
| T
= 0.33+0.01 0.44
14450 c’ }S
N,;:\N'sl[
- 0.68 + 0.01 0.57
14402 C'/Lf; |
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Activity Profile of the Lead VPC-14449

14449 e FEnzalutamide

Inhibition of AR transcription Inhibition of PSA
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(Left)  Dose-response curve of the inhibiting effect of 14449 (IC., = 0.10pM)
Enza (IC;, = 0.08uM) on the AR transcriptional activity in LNCaP cells

(Right) 1Csqcurve illustrating the inhibiting effect of 14449 (IC., = 0.17uM)
and Enzalutamide (IC., = 0.08uM) on the PSA levels in LNCaP cells

UBC aplace of mind

(sEhRg
* &
VANCOUVER
PROSTATE CENTRE \w/ ||||||||||||||||||||||||||||||
A UBC & VGH Centre of Excellence

»
0y

,,,,,,



14449 Effect on MR49F(Enza Resistant) Cell Line
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The effect of 14449 on cell viability in an Enzalutamide
resistant cell line (MR49F) where the compound

demonstrated IC;, of 0. 21uM

UBC aplace of mind

3EARe
-« -
VANCOUVER
PROSTATE CENTRE \w/ IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
AUBC & VGH Centre of Excellence

»
0y

ssssss



14449 Inhibits AR Splice Variant V7

105 A Enzalutamide
14449
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14449 inhibits the transcriptional activity of wild type AR
splice variant, V7 assay. Enzalutamide has no effect on V7.
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14449 Demonstrates Selectivity Toward the AR
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AR-DBD TCLI CGDEASGCHYGAL TCGS CKVFFKRAA EGKQKYL CASRNDCTI DKF RRKNCP S CRLRKCYE A G
ER-DBD YCAVCNDYASGYHYGVWSCEGCKAFFKRSI QGHNDYMCP ATNQCTI DKNRRKS CQACRLRKCYEV G
GR-DBD 1.CLVCSDEASGCHYGVL TCGS CKVFFKRAV EGQHNYL CAGRNDCI I DKI RRKNCP ACRYRKCLQ A G
I CLI CGDEASGCHYGVL TCGS CKVFFKRAME GQHNYL CAGRNDCI VDKI RRKNCP ACRLRKCCQ A G
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(Left) Enzalutamide and (Right) 14449 inhibits AR but not ER, GR
and PR in luciferase assays against transiently expressed AR, GR,
and PR or against endogenous ER in MCF-7 cells. AR, GR and PR
activity was assessed with the ARR3tk-luciferase reporter
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VPC - 14449 Firmly Binds to the AR DBD Site

30 ] 3 30
—_ — <
<20 Z 0 | =20
a ) @)
= 2 5
¥ z

10 ol 10

0 ' ‘ ' S e % 20 500 750 1,000
0 ‘ . ‘ :
0 250 o0 750 -+ 1,000 0 250 200 750 1,000 MD simulation time (ns)

MD simulation time (ns) MD simulation time (ns)

Molecular dynamics simulations was performed using explicit solvent
model. The total run time 3us. The MD simulation study supports that

14449 binds to DBD site stably.
The results indicate 14449 finds its DBD binding spot from various

starting points.
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Consensus Validation of the Binding Site and Poses

1. Multiple MD simulations 2. Sampled binding poses 3. Cluster analysis & 4. Representative pose
Binding energy calc.
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MD simulation starting from
the representative pose
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VPC - 14449 Demonstrated sub-Optimal Stability
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Pharmacokinetics of VPC-14449

9 CD1 mice 8-10 weeks old were
divided into 3 groups, 3 mice each

Rout of administration:
Intravenous (IV), intraperitoneal
(IP) or Oral (PO)

Dose: 100 mg/kg of 14449
formulated using 1:10

hydroxypropyl cyclodexterin: dd
H20

To measure serum drug levels, tail
blood samples were taken
following the administration, at
time points corresponding to 0.0,
0.5, 1, 2,4, 6,8, 24hr
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% control

In vivo Effect of VPC - 14449

MR49F (Tumor Volume) C4-2 (Tumor Volume)
20001 Vehicle 8901 Vehicle
17501 13566 700+ 14449
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od . 0
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(Left) The effect of 144495 on the tumor volume of the Enzalutamide-

resistant (MR49F) xenograft model.
(Right) The effect on tumor volume of castration resistant
(androgen insensitive) C4-2 xenograft model.
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Predicted Metabolic Liabilities of VPC-14449
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Iterative Screening Workflow

Activity in - Cell AR DBD BLI binding
Activity in v7 : : : _
AR eGFP/PSA proliferation mutations detection to

assa assay fi d
y assay confirme AR DBD

v
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In vivo studies
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Second Generation VPC-14518, Improved Stability
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Selecting a Clinical Candidate VPC-14518
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Structural Domains of AR
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All the Pieces to Succeed = Guaranteed Outcome

e New Targets and Structures
= e New Drugs

SORENE e Companion Diagnostics

OPTIMIZATION
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