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Prostate Cancer

e Estimated new cancer cases in males in 2010

19% 28% ILung
3% B Prostate
3% \ Colon
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® Non-Hodgkin lymphoma
4% Kidney
= Oral
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Complex networks are

Achilles' heel of the Internet
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Protein interaction networks are also scale-free

The web of human sexual contacts
(Liljeros et al., Nature, 411 (2001)

The food
network

Neurons connections
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AR is a Major Protein-Protein Interactions Hub
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AR Mechanism of Action

Prostate Cell

Androgen Receptor

Androgen (DHT)

Nucleus

T Rl :>Transactivation of
AVINYTR AR regulated gedes



Androgen Receptor 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
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Factors that Causes Resistance to Anti-AR Drugs

Mutations in the DHT site hampers the efficacy of known anti-androgens
* W741C : Bicalutamide
* T877A :Flutamide
* F876L :Enzalutamide

CASTRATE-RESPONSIVE . CASTRATE-RESISTANT
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Lesson 1

Know your target
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Circulating Cell Free DNA

Plasma sample Plasma sample

before treatment H at progression
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Analysis of mutations
in plasma DNA

Allele fraction
Allele fraction

Mutations

Mutations

Identification

Nature 497, 108-112, 2013 SRR OSSN O mutions
72 QXY HS selected by
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|dentification of AR mutants using liquid biopsy
AR gene 5 —_ Exon 1 4 )—(5)—(6)(7){8)—3’
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Lallous et al. Genome Biology, 2016

~~ Androgen Binding Site
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Specific Case: Patient VC-012

%Activation normalized to WT

VC-012 progressing on bicalutamide

S889G-AR Inhibition E M896V-AR Inhibition
800 - ° 800 -
©
600 - © 600 -
S889G =
400 52.93% % 400 -
M896V c
2001 47.07% S 200+
©
0 - % 04
D A© > o A ‘1, A < A S
‘1'6\‘1/@0 PP S %’\w@&'\é"@@
Bicalutamide [uM] Bicalutamide [pM]

Lallous et al. Genome Biology, 2016 ]
Lallous et al. Genome Biology, 201¢€

sEAR

4D\ VANCOUVER UBC| aplace of mind
PROSTATE CENTRE Ti"‘"“‘ THE UNIVERSITY OF BRITISH COLUMBIA



Specific Case: Patient VC-012

VC-012 progressing on enzalutamide
T878A/S889G-AR Inhibition

100
80
60
404

20

%Activation normalized to WT

O PPLOP P @W@QP@ &S
QQQQQQQ QQQQ'QQ)\ A b
Enzalutamide [«cM]

F877L/T878A-AR Inhibition T878A/S889G
800 - 5.31%

S889G M896V
15.63% 4.70%

Y%Activation normalized to WT

200 —
F8TTLIT878A = H875Y-AR Inhibition
0 | 21.40% é B ] £ 800,
q, 10 O 0 A Qo S _ b ©
S QU NAERS & 600.
Enzalutamide [uM] S
T878A 2 4001
45.52% é 2004
©
- T878A-AR Inhibition § 0.
= 200, 5 VRIS
g > QQ QQQ{LQQQDQQ% '\ 9) b ®
& 1504 Enzalutamide [uM]
©
S 100
S ol .
g % Lallous et al. Genome Biology, 201€
g o

VANCOUVER 0 ° ° N ° '\
PROSTATE CENTRE Enzalutamide [odvl]

AUBC & VGH Centre of Excellence

55“"0"
N .
aplace of mind

THE UNIVERSITY OF BRITISH COLUMBIA

>
£} e
Farm®



CRPC Resistance Driven by AR Splice Variants

AR Gene n - E Lallous et al. Int J Biol Sci 2011; 7(6) 815-822
.3
(exons) :
1 23 4 5-8
WE ARIAR
1 2-3 3a
1 2 3a
1 2 3b
ArvzaRs (TR oo 2005 v o, 20
1 23 4
AR-V12/ARVS67es Sun et al,, 2010; Hu et af., 2011
1a 23 4 5-8

ARVASAR? st

* NEED FOR DRUGS WITH NOVEL MOA, targeting
both full length and splice variants of AR
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DBD is 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
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Protein
structural modeling

- Protein structure database
* PDB

== Protein models and pockets
* MODELLER, MOE

Tens of millions of
small molecules

——p Small molecule database
* ZINC

== Molecular docking
* Glide, FRED, AutoDock, eHiTs

==p Consensus voting

= ADMET prediction
* ADMET Predictor, FAFDrugs

100s of
virtual Hits
P Computer-aided medicinal chemistry
* BROOD, MD, FEP
= Chemical similarity
* 2D-fingerprints, ROCS
= SAR and QSAR
Few
leads
v
VANCOUVER Lead Drug Candidate UBC| 2 place of mind
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Lesson 2

Use diverse cheminfo methods
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In Silico Screening Workflow

Protein structure Molecular docking
(~10,000,000 mol)

Computational

protocols
(~1,000,000)
Small Molecule Virtual Hits
Database (100 to 200)

(50,000,000)
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Experimental Screening Workflow

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

assa assay firmed
y assay confirme AR DBD

‘/
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Initial in silico hits

VPC-ID Structure eGFP IC50 (uM)  PSA IC50(nM)

14320 NZ N 4.20+0.6 2.26

OO = 9.16 + 0.5 10.6
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MedChem derived analogues, 1% round

o
eGFPIC50  PSA IC50

VPC-ID Aring B ring Cring

(M) (LM)
14228 0.33+0.12 0.28

/
14103 "z@,ﬁ 0.52 +0.03 0.51
¢
14385 “@ 0.62 +0.06 N/A
FsC

14292 @z— 0.61 +0.02 0.58
14293 Q’s— 0.62 +0.06 0.52
14255 <\ 0.65 + 0.06 0.41
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Lesson 3
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Analyse your hits, explore chemical
combine structural elements, etc
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24 round of MedChem resulted in >100 Derivatives

S
[ )
ORAS,
ID Ring A eGFP IC50 (uM)  PSA IC50(uM)
N\
14449 B,)jsr 0.10 + 0.05 0.17
F.  OCH;,
14370 F@E— 0.18 £+ 0.01 0.25
14408 gty 0.25 + 0.05 0.43
14404 S@i— 0.26 + 0.02 0.22
F. OH
14365 @2_ 0.27 +0.04 0.15
OCH5
14367 ; . 0.30 + 0.02 0.23
Nk 0.33 +0.01 0.44
14450 o= 33+0. .
Br
NAN-E-
14402 Cl)‘\h‘( 0.68 £ 0.01 0.57
Cl
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Activity Profile of the Current Lead VPC-14449

14449 e FEnzalutamide

Inhibition of AR transcription Inhibition of PSA

120- 120-
90- _ 100-
S e S 80
'*§ 60- \ _% 60-
S i N < 401
S 30 e L L
0 T~ - 0-

J J T ! -20 T T T 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., = 0.10uM)
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., = 0.08 M) on the PSA levels in LNCaP cells
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14449 Effect on MR49F(Enza Resistant) Cell Line

= Enzalutanude

500- « 14449
% 100- £ T i
% 0o i ......... NP S, S
* i 1
I i I

-100 v ' . '
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. 21V

Ry o .
VANCOUVER UBC e of min
PROSTATE CENTRE w TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
Py e A UBC & VGH Centre of Excellence
FaTm®



14449 Inhibits the Activity of AR Splice Variant, V7

105 A Enzalutamide
14449

IAIIIIIIIIA

100
75
50
25

0
0

% Activation

01 0.1 1 10 100 conc (um)

14449 inhibits the transcriptional activity of wild type AR splice variant, V7
in luciferase reporter assay. Enzalutamide has no effect on V7.

UBC aplace of mind
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Lesson 4

Work with experimentalists during the screening
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14449 Demonstrates Selectivity Toward the AR

% Activation

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

AR-DBD TCLI CGDEASGCHYGAL TCGS CKVFFKRAA EGKQKYL CASRNDCTI DKFRRKNCP S CRLRKCYE A G
ER-DBD YCAVCNDYASGYHYGVWSCEGCKAFFKRSI QGIINDYMCP ATNQCTI DKNRRKS CQACRLRKCYE V 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

PR-DBD
Enzalutamide I 14449 T
1004 S 1004 IL AR
I S T . ER
T 2 EmGR
< C3PR
50- 501
0- T 0- LI B
5P oD 9 AP

DR PP G 0P o B

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

UBC aplace of mind
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VPC - 14449 Firmly Binds to the AR DBD Target Site

I 0 r l : I
OW"\MWW st aaionti meww 0’ 250 500 750 10100
O . 2 : 3
° M2D52imula5t?oc:1 tim:(snos) b 0 250 500 750 1,000 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

3. Cluster analysis & 4. Representative pose

Binding energy calc.

1. Multiple MD simulations 2. Sampled binding poses

Most stable BE)

Verification #2

Verification #1
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MD simulation starting from
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Lesson 5
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Validate your hits in details experimentally and ‘in silico’
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VPC - 14449 Demonstrated sub-Optimal Stability

L J L @ L J LA L ] L L ] L @ L B @
0 1,06E+03 1.07E+03 1,07TE+03 100 0,993 0,017 40,67 41,07 100
10 | 9,12E+02 | 9,60E+02 | 9,36E+02 88 14449
100 -.,___“__h
14991 20 | 7438402 | 7.08E+02 | 7.25E402 68 T \_
E e ———— o
:E N T oe—
30 | 6,99E+02 | 6,14E+02 | 6,57E+02 61 = - — inan
Fat) = moubacion firl
i - reu bt ion Ned
40 | 527E+02 | 5,60E+02 | 5.44E+02 51 5 10 = © 98
Tima, miln
T T
Compound 14449
eGFP IC50 (M) 0.38
PSA 1C50 (uM) 0.17
T1/2 Microsomes | 14

(min)
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Pharmacokinetics of VPC-14449

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

1000
——1V-14449
- . 100
Bout of administration: Intravenous (IV), e IP-14449
intraperitoneal (IP) or Oral (PO) S 0.
= PO-14449
Dose: 100 mg/kg of 14449 formulated using g 1
1:10 hydroxypropyl cyclodexterin: dd H20 2 0,1
: 0,01 -
To measure serum drug levels, tail blood
samples were taken following the 0,001

. . . . . 0 5 10 15 20 25
admlnlstratlon, at time points
Time (hr)

corresponding t0 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)

20000 o Gepi 801 & Vehicle

17504 13566 700 14449

== Fzalutamide == FEnzalutamide

15001

12504

10001

% control

Weeks of treatment Weeks of treatment

(Left) The effect of 14449 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

0™ Br OH
r
M = 0y Er
- Nﬁj’%m N N, o=
CYP 2(:9/'
CYP 2C9 CYP 206
\ /C‘r‘F' A4
H._.O
D/\\j Br O/\.j B f
LN, = . CYP2DB N - 0
- __N =
EJN\;;N CYP 344 jo,N\;N '\ -
0 H N hnﬁ
\ S‘:&.N\.‘JN
CYP 2C9
CYP 344
0 OH
HJJ\ Bt _ Cljj? Br .
B | g = Mo M =
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Iterative Screening Workflow

sEAR
m
2, <
Fearuet

Activity

AR eGFP/PSA

assay

in - Cell AR DBD BLI binding
Activity in v7 : : : _
proliferation mutations detection to
assay :
assay confirmed AR DBD
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Lesson 6

Use the best practices and consensus scoring
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Second Generation VPC-14518, Improved Stability and Potency

B““Yii?ff(;;lxw:::l

[ 1 [ I ] [ ] L] L] ' T ] L] L] L ] ® L ] L X S ]
N\
1] 4 79E+05 4 T4E+05 4 TTE+DS 100 0,823 0,003) | 263,18 6,35 100
10 | 4,66E+05 4 24E+05 4 45E+05 93 A5TE
518 | oy | 418E+05 | 456E:05 | 4,37E+05 a2 .- EERET
14512/14518 1, o
30 | 458E+05 4 45E+05 4 52E+05 a5 ; - -
40 | 407205 | 427F+05 | 4.15E+05 87 it ;“ 100
Compound 14449 14512 14518
eGFP IC50 (uM) 0.38 0.16 0.19
PSA 1C50 (uM) 0.17 0.16 0.08
T1/2 Microsomes | 14 58 263
(min)

€
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Selecting a Clinical Candidate VPC-14518

22rv1 MTS

100-
:E‘ El » 3 é ? g 9 o o Enz
= 50- ©®,0 o 14518
w
S o ‘
g = -
=2 -1004 . .

-150 ¥ ¥ ¥ 1

0.01 0.1 1 10 100

[Compound] (uM)
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CONCLUSIONS

- Know your target
- Use diverse cheminfo methods
- Analyse your hits, explore chemical space around them,

combine structural elements, etc
- Work with experimentalists closely during the screening
- Validate your hits in details experimentally and ‘in silico’

- Use the best practices and consensus scoring
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