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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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Structural Domains of AR
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N-terminal domain
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AR Conventional (LBD) Targeting
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AR Inhibitors as Prostate Cancer Drugs
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AR inhibitors are used as androgen deprivation therapy

 They all exhibit similar mode of action (target DHT site)

 They share similar chemical scaffold
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Ildentification of AR mutants using liquid biopsy
AR gene 5'=C_ Eci L DEHEEE--

o*

670 1920
| |
L702H ‘ | W742L/C

V731M

V716M QPIARELHQFTFDLLIKSHMVSVDFPEMI\/IAEIISVQVPKILSGKVKPIYFHTQ

| Ligg2| l LE§986
D880E M896V/T T919S
V731\n H875Y/ T878A/S caoarok
F877L S889

D891H X
Helix H12

N-ter

~~ Androgen Binding Site

aplace of mind
THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER

PROSTATE CENTRE PDB: 2AM9 Lallous et al. Genome Biology, 2016

v .

eé’

€k
=
0

””””””



Factors that Causes Resistance to Anti-AR Drugs

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

e \W741C : Bicalutamide

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

VC-012 progressing on bicalutamide

S889G-AR Inhibition
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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

- LIRS 83| 3| 3 > | Agonistic
Patient Sample ID % 00 09 OQO & % 8 % 020 % 3 | response
A
VC-001_JC_01Augl3 Y
Y A Ongoing
A
VC-001 Y
VC-001_JC_28Novi13 Y A Ongoing
A H
H
VC-005 | VC-005_JWR_29Aug13 K
VC-012_LW_13Augl3 Vv
VC-012_LW_13Augl3 G
G
VC-012 S v
VC-012_LW_05Dec13 X
L A
A G
VC-014 | VC-014_PW_29Aug13 G
VC-015 | VC-015_GNP_05Sep13 A
VC-017 | VC-017_EWP_12Sep13 A
VC-018 | VC-018 DWH_230ct13 Y
VC-021 | VC-021_JHK_19Sepl3 Q S
VC-022 | VvC-022_GST_100ct13 E
VC-040 | VvC-040_JNO _310ct13 Y
VC-041_LJO_14Nov13 Y
ve-041 VC-041_LJO_24Febl4 Y
VC-053 | VC-053 JPS_12Decl3 Y
VC-063 | VC-063_MDW_13Febl4 Y
VC-064 | VC-064_PSS_27Febl4
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Structural Domains of AR

1 559 624 676 919

BF3 Site WU "AF2 Site
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ZINC Leadlike Database
~ 4 Million Compounds

Glide SP
program

=2 Million Compounds

eHiTS

Consensus
scoring

Visual
inspection
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Inhibition of AF2 coactivator binding, AR

transcriptional activity and SPR
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The comparison between docked and experimental
orientation of CMPDG61 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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Several Hundreds Compounds

Tested: 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 , y
Potent BF3 Inhibitors ™

(Shape Tc > 0.8)

Search for different linkers using ROCS
using ROCS |

Shape Tc>0.7

Shape Tc>0.7

ID 1C5o(1M) ID IC5, (1M) ) R IC5q (uM)
13235 291 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 23-Me 1031 13254 3l 1.20
13345 1,6-Cl 13.89 13257 3-Me 4.18
13320 2-0Me  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)
R
R1
~
NN 7 \N
. HNT
v >
| Shape Tc > 0.7
R2 O
ID Group  1C5(1M) ID R 1C;(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,¥=C,  1.91
VANCOUVER R.=NO .
PROSTATE CENTRE Gl e ven ’s Munuganti RS et al, ] Med Chem, 2013
b, | ARTEECE -N, Y= 5



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+

-
-

0

1

N -
<)

Log Concentration (M)

13163: 7.031 uM
MDV3100: Inactive
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Med Chem Derivatives of 13163

R, | PSA

IC5,
13530 4.7 1.60 Mar’13
13531 F Me Me 0.39 0.31 Mar’13
13532 CH,CO0 Me Me 2.84 3.10 Mar’13

Et
13521 Cl Me Me 0.4 0.26 Feb’13
13566 Me Me 0.18 0.20 Jan’13
13504 Br Br 1.69 2.01 Aug’12
13502 Br Br 3.80 4.14 Aug’12
13503 Br Br 4.21 4.54 Aug’12
13508 C,H Me Me 2.70 4.81 Aug’12
4OH
13510 Br Me Me >25 Dec’12
13511 Me Me Br >25 Dec’12
13512 Br Me Me Br >25 Dec’12
13516 Me Me Me >25 Dec’12
A ANCOUVER UBC| aplace of mind
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In vivo Effect of VPC — 13566

2000, = Vehicle MR49F (Tumor Volume)
1750+ 13566

== [zalutamide

1500+

1250+

1000+

% control

Weeks of treatment

4

)
—_
\V)
S

The effect of VPC-13566 compound on the tumor volume of the
Enzalutamide-resistant (MR49F) xenograft model.
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AR DBD Targeting
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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 —_— 11— =
(exons) - . . . . . . .

1 2-3 4 5-8
WT AR/AR1 ' Hinge
1 2-3 3a
1 2 3a
arviars (ORI oo o
1 2 3b
1 2-3 4 a
AR-V12/ARVS7es Sun et al., 2010; Hu et af., 2011
2-3 4 5-8
 NEED FOR DRUGS WITH NOVEL MOA,
targeting both full length and splice
variants of AR
ﬁ VANCOUVER % aplaceof mind
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Structural Domains of AR
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DBD i1s the Most Conserved Area of all NRs

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

‘u"““c&
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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

Database
(500,000,000)
3EARe
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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
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Initial in silico hits

VPC-ID Structure eGFP IC50 (uM)  PSA IC50(M)
HN—
N5<S
14203 3.17+0.3 3.91
|”':“a 2
14320 [“ﬁ;[“mfl‘l/’f%] 4.20+0.6 2.26
=N
N '
14378 J@[s‘ﬂuﬂ 7.41+0.4 8.08
NH.,
N={
14204 oY ad 9.16 % 0.5 10.6
=
14410 G N G 9.84 +3 N/A
OH
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MedChem

analogues, 1st round

0y

VPC-ID Aring

eGFP IC50 PSA IC50
B ring Cring

555555

(M) (M)

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 < )+ 0.65 £ 0.06 0.41

PROSTATE CENTRE
A UBC & VGH Centre of Excellence

THE UNIVERSITY OF BRITISH COLUMBIA
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0y

555555

MedChem

0 VANCOUVER

analogues, 2nd round

I'/;'., '-":1_ Nx q-.h:!l. q__/lI:r
ID Ring A eGFP IC50 (uM)  PSA IC50(uM)
"N
14449 Br- ---;{ér 0.10+0.05 0.17
F.,  OCH;
14370 F@% 0.18 £+ 0.01 0.25
M, S/
=t
14408 s 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
:DGHg
14367 F 3- 0.30+£0.02 0.23
M r;:\_N .
| g
=~ 0.33+£0.01 0.44
14450 cl’ }S
N,;:\N'sl[
. 0.68 +0.01 0.57
14402 C'/Lf; |
[UBC]

PROSTATE CENTRE
A UBC & VGH Centre of Excellence
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Activity Profile of the Lead VPC-14449

14449 e FEnzalutamide

Inhibition of AR transcription Inhibition of PSA
120- 120-
90_ - 100'
S e S 80-
g 60 Ny S 60
5 \ S 40
o [N q -
< 30' ) NS
= Ny X 201
04 e —a 0-
! ! ! ! -20 1 1 1 1
-3 -2 -1 0 1 3 2 -1 0 1
Log conc. (UM) Log conc. (uM)

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

UBC aplace of mind
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14449 Effect on MR49F(Enza Resistant) Cell Line

= Enzalutanude

200+ » 14449
-§ 100- £ T
i
X 0 mr——— —'I‘ ......... 1 ......... I ......... A
I

-100 . ' ' '
15 10  -05 0.0 0.5 1.0

Log concentration (uM)

The effect of 14449 on cell viability in an Enzalutamide
resistant cell line (MR49F) where the compound

demonstrated IC;, of 0. 21puM

UBC aplace of mind
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14449 Inhibits AR Splice Variant V7

A FEnzalutamide

125 14449

oo « T 11T [11T,

75

% Activation

50
25

0.01 0.1 1 10 100  conc (um)

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

% Activation

AR-DBD
ER-DBD
GR-DBD

PR-DBD

560 570 580 590 600 610 620
I I I I I I I

TCLI CGDEASGCHYGAL TCGS CKVFFKRAA EGKQKYL CASRNDCTI DKF RRKNCP S CRLRKCYE A G
YCAVCNDYASGYHYGVWSCE GCKAFFKRST QGHNDYMCP ATNQCTI DKNRRKS CQACRLRKCYE V G
LLCLVCSDEASGCHYGVL TCGS CKVFFKRAVEGQHNYL CAGRNDCI I DKI RRKNCP ACRYRKCLQ A G
I CLI CGDEASGCHYGVL TCGS CKVFFKRAME GQHNYL CAGRNDCI VDKI RRKNCP ACRLRKCCQ A G

Enzalutamide 14449 I
3 1 AR
S I N ER
= ElGR
g C3PR
X

5P 0P 0P 6 BP
Conc (uM)

Conc (uM)

(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 f 3 30

10 10} N%W 10

i aationdad 0 | | |
0 o PR A v 0 250 500 750 1,000

0 250. 590 . 750 1,000 0 250 500 750 1,000 MD simulation time (ns)
MD simulation time (ns)

RMSD (A)
N

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.

Verification #1

Bl K591D
S o 1001 E=3Q592D
= 2 g0 I K593D
o O [CY594D
Z & e L5950
(S
< 3 e
=]
S~ = 20
0-
MD simulation starting from . . . .
. ; Comparison with the mutation experiment
the representative pose
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VPC - 14449 Demonstrated sub-Optimal Stability

0y

* ° * . ™ eove .
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100 “""Ea;_:__._l
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eGFP IC50 (uM) 0.38
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(min)
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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 (1V), 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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In vivo Effect of VPC — 14449 on tumor
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Predicted Metabolic Liabilities of VPC-14449
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Iterative Screening Workflow

Activity in P, Cell AR DBD BLI binding
AR eGFP/PSA ctivity inv proliferation mutations detection to

assa assay fi d
y assay confirme AR DBD

v
3

Remodel e_ Lead optimization Rescreen
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Second Generation VPC-14518, Improved Stability

Gy

& » L L L] LR L]
——
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Selecting a Clinical Candidate VPC-14518

22rv1 MTS
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Targeting AR Dimerization

e
Cancer Letters
Volume 437, 28 November 2018, Pages 35-43

H .SF.\"[ ER
Original Articles
Selectively targeting the dimerization interface of

human androgen receptor with small-molecules to treat
castration-resistant prostate cancer

Kush Dalal  Fugiang Ban 2, Huifang Li &, Héléne Morin &, Mani Roshan-Moniri 2, Kevin J. Tam 2,

DBD monomer 1

Ashley Shepherd 2, Aishwariya Sharma 2, James Peacock 2, Michael L. Carlson ®, Eric LeBlanc 2,

=

Carl Perez 2, Franck Duong ®, Christopher J. Ong 2 Paul S. Rennie @ 1, Artem Cherkasov & 1 & &

ARVT luciferase assay
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Blocking AR dimers

[ YFP | hAR |
b'Cytosol
I TR G| b
AR-CFP YFP-AR  FRET Nucleus
DMSO+
EtOH YFP-AR/AR-CFP: HEK293
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Structural Domains of AR

1 559 624 676 919
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AR AF2/BF3 compounds found home

1diiosnuey ot

1duosnuepy Joyiny

1diosnuepy Joyiny

Nat Med. 2018 May ; 24(4): 427-437. doi:10.1038/nm.4500.

Selective Modulation of the Androgen Receptor Activation
Function-2 Domain Rescues Degeneration in Spinal Bulbar
Muscular Atrophy

Nisha M Badders -3, Ane Korff!:%.13, Helen C Miranda?, Pradeep K Vuppala®:'0, Rebecca B
Smith', Brett J Winborn', Emmanuelle R Quemin'-'', Bryce L Sopher*, Jennifer Dearman’,
James Messing'9, Nam Chul Kim1.12, Jennifer Moore', Brian D Freibaum', Anderson P
Kanagaraj!, Baochang Fan', Heather Tillman5, Ping-Chung Chen®, Yingzhe Wang?3,
Burgess B Freeman III°, Yimei Li’, Hong Joo Kim', Albert R La SpadaZ¢, and J Paul
Taylor'®

Department of Cell and Molecular Biology, St. Jude Children’s Research Hospital, Memphis, TN
38105, USA

2Department of Pediatrics, University of California at San Diego, La Jolla, CA 92037, USA

3Preclinical Pharmacokinetic Shared Resource, St. Jude Children’s Research Hospital, Memphis,
TN 38105, USA

“Department of Neurology, University of Washington, Seattle, WA 98195, USA
SDepartment of Pathology, St. Jude Children’s Research Hospital, Memphis, TN 38105, USA

6Department of Structural Biology, St. Jude Children’s Research Hospital, Memphis, TN 38105,
USA

"Department of Biostatistics, St. Jude Children’s Research Hospital, Memphis, TN 38105, USA

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research.
subject always to the full Conditions of use:http://www.nature.com/authors/editorial _policies/license.html#terms




AF2 (BF3 really...) modulation rescues degeneration in a fruit fly model of
SBMA

a BF3 unbound b : ELAV-UAS-ARS20 c & ELAV>UAS-AR52Q
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Lab Organization & Structure
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Growing diversity of cryo-EM targets

Cell

Breaking Cryo-EM Resolution
Barriers to Facilitate Drug Discovery

Alan Merk, - Alberto Bartesaghi," * Soojay Banerjee,’* Veronica Falconieri,' Prashant Rao,' Mindy |. Davis,
Rajan Pragani,” Matthew B. Boxer,” Lesley A. Earl,’ Jacqueline L.S. Milne,” and Sriram Subramaniam’

Size (Kilodaltons, kDa)

Dengue Virus Ljungan virus " —
11,200 kDa, PDB 3J27 S,ODO-lea, PDB 3JB4 ;l;gg - ErgBe;éjge Anaphase promoting ‘
: ! y complex (APC/C) Anthrax protective
1,200 kDa, PDB 5G04 antigen pore
. 440 kDa, PDB 3J9C

T4 base plate
8,700 kDa, PDB 5IV5

CorA
207 kDa, PDB 3JCG

Human ribosome

" 3,900 kDa, PDB 5AJ0 po7 GDH
540 kDa 334 kDa,
PDB 5FT.J PDB 5k12 ]

IDH
93 kDa,
PDB 5K10
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Opening Bottleneck : Target to Drug

GENOMICS DATA
VALIDATED TARGETS

TARGET
STRUCTURES

CADD MODELING
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Accelerated Drug Discovery

....... PROTEIN .yl T CADD
PLATFORM

| PLATFORM

300eV cryoEM: Higher res
Low throughput, 30% down time

(CFI#33611, @UBCASTRID) |

CFl # 33440
VPC
200eV cryoEM: Lower res,
High throughput, no down time
CFl — requested CFl — requested
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All the Pieces to Succeed = Guaranteed Outcome

e New Targets and Structures
= e New Drugs

SCREENING & e Companion Diagnostics

OPTIMIZATION
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Targets Emergence
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DEereNsE TEcHNICAL INFORMATION CENTE

PRESERVING KNOWLEDGE * CONNECTING PEOPLE * INSPIRING INNOVATIC

Accession Number : AD1061899

Tieln -

Nirant Tarmatim~ ~Af tha CIYDDED MAanhanarama far tha Tramtmmant Af M actratiae D
International Journal of
Molecular Sciences

Article

Benzothiophenone Derivatives Targeu
Forms of Estrogen Receptor-« in Horn
Breast Cancers

Kriti Singh t Ravi S.N. Munuganti *,Nada Lallous ', Kush Dalal, ]
Aishwariya Sharma, Takeshi Yamazaki, Artem Cherkasov ¥ and Paul

Vancouver Prostate Centre, University of British Columbia, 2660 Oak Street, "

Targeting Semaphorin 3C in Prosta
With Small Molecules 3

Chung C W Lee, Ravi Shashi Nayana Munuganti, James \
Ivy Z F Jiao, Ashley Shepherd, Liangliang Liu, Kevin J Tar
Satyam Bhasin, Kevin C K Lee, Luke Gooding, Benjamin \
Tabitha Tombe, Yifan Gong, Martin E Gleave, Artem Cherl
Christopher J Ong ™=

Journal of the Endocrine Society, Volume 2, Issue 12, 1 De
1381-1394, https://doi.org/10.1210/js.2018-00170

A
Iy molecules

Article
Computer-Aided Discovery of Small Molecule

Inhibitors of Transcriptional Activity of TLX (NR2E1)
Nuclear Receptor

- + wr var e LI N e U R ] LA T B N LI

European Journal of Medicinal Chemistry
Volume 160, 5 December 2018, Pages 108-119

=

ELSEVIER
Research paper

Computer-aided drug discovery of Myc-Max inhibitors
as potential therapeutics for prostate cancer

Lavinia A. Carabet ® ', Nada Lallous ® ', Eric Leblanc 2, Fugiang Ban 2, Helene Morin 2, Sam Lawn
3 Fariba Ghaidi 2, Joseph Lee 2, lan G. Mills ® ¢, Martin E. Gleave 2, Paul S. Rennie ® 2, Artem

www.impactjournals.com/oncotarget/

Oncotarget, 2017, Vol. 8, (No. 26), pp: 42438-42454

Research Paper

Discovery and characterization of small molecules targeting the
DNA-binding ETS domain of ERG in prostate cancer

Miriam S. Butler"*, Mani Roshan-Moniri*"#, Michael Hsing'"*, Desmond Lau®"#,
Ari Kim?!, Paul Yen!, Marta Mroczek', Mannan Nouri!, Scott Lien!, Peter Axerio-
Cilies?, Kush Dalal’, Clement Yau?, Fariba Ghaidi!, Yubin Guo’, Takeshi Yamazaki?,
Sam Lawn?, Martin E. Gleave', Cheryl Y. Gregory-Evans®, Lawrence P. McIntosh?",
Michael E. Cox**, Paul S. Rennie’” and Artem Cherkasov'”

TWancouver Prostate Centre and the Department of Urologic Sciences, University of British Columbia, Vancouver, BC V6H
326, Canada
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