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Prostate Cancer

• Estimated new cancer cases in males in 2010

28%

15%

9%7%
5%

4%

4%
3%
3%
3%

19% Prostate
Lung
Colon
Bladder
Skin
Non-Hodgkin lymphoma
Kidney
Oral
Leukemia
Pancreas
Others

Lung
Prostate





Protein interaction networks are also scale‐free

The web of human sexual contacts
(Liljeros et al., Nature, 411 (2001)
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AR is a Major Protein‐Protein Interactions Hub



ARE

Androgen (DHT)

Androgen ReceptorProstate Cell

Nucleus

Transactivation of 
AR regulated genes

AR Mechanism of Action
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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

N

F

F

F

HC

N N

O

HN CH3

O

S

F

ARN‐509



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

• W741C : Bicalutamide

• T877A  : Flutamide

• F876L  : Enzalutamide

Treatment with Bicalutamide

Tumor growth 
suppression Proliferating 

tumor cells

Mutations

Factors that Causes Resistance to Anti‐AR Drugs

Scher et al. Endocrine‐Related Cancer 2004
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Lesson 1

Know your target
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Circulating Cell Free DNA

Nature 497, 108–112, 2013



D891 F877

D880

H875

T878

TES

S889

L882 M896

E898

E894

T919

L702

V716
W742

V731

N-ter

AR gene 2 3 4Exon 1 5 6 7 85’ 3’

670 920
LBD

QPIARELHQFTFDLLIKSHMVSVDFPEMMAEIISVQVPKILSGKVKPIYFHTQ

W742L/CL702H
V731M

H875Y/Q
F877L

T878A/S
D880E

L882I

S889G
D891H

E894K
M896V/T

E898G
T919S

V716M

Androgen Binding Site

PDB: 2AM9

Helix H12

Identification of AR mutants using liquid biopsy

Lallous et al. Genome Biology, 2016
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Inhibition of AR mutants by anti-androgens
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Lallous et al. Genome Biology, 2016



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

CRPC Resistance Driven by AR Splice Variants
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• NEED FOR DRUGS WITH NOVEL MOA, targeting 
both full length and splice variants of AR



DBD is the Most Conserved Area of all NRs



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

Novel Strategy to Target AR

confidential



Typical ‘in silico’ Screening Pipeline

Lead Drug Candidate
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Lesson 2

Use diverse cheminfo methods



In Silico Screening Workflow

Small Molecule
Database

(50,000,000)

Protein structure

Computational 
protocols 

(~1,000,000)

Molecular docking
(~10,000,000 mol)

Virtual Hits
(100 to 200)

CONSENSUS SCORING !
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VPC‐ID Structure eGFP IC50 (µM) PSA IC50(µM)

14203 3.17 ± 0.3 3.91

14320 4.20 ± 0.6 2.26

14378 7.41 ± 0.4 8.08

14204 9.16 ± 0.5 10.6

14410 9.84 ± 3 N/A

Initial in silico hits



VPC‐ID A ring  B ring C ring
eGFP IC50 

(µM)

PSA IC50 

(µM)

14228 0.33 ± 0.12 0.28

14103 0.52 ± 0.03 0.51

14385 0.62 ± 0.06 N/A

14292 0.61 ± 0.02 0.58

14293 0.62 ± 0.06 0.52

14255 0.65 ± 0.06 0.41

MedChem derived analogues, 1st round 
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Lesson 3

Analyse your hits, explore chemical space around them,
combine structural elements, etc



ID Ring A eGFP IC50 (µM) PSA IC50(µM)

14449 0.10 ± 0.05 0.17

14370 0.18 ± 0.01 0.25

14408 0.25 ± 0.05 0.43

14404 0.26 ± 0.02 0.22

14365 0.27 ± 0.04 0.15

14367 0.30 ± 0.02 0.23

14450 0.33 ± 0.01 0.44

14402 0.68 ± 0.01 0.57

2nd round of MedChem resulted in >100 Derivatives 



Activity Profile of the Current Lead VPC‐14449

(Left) Dose‐response curve of the inhibiting effect of 14449 (IC50 = 0.10µM)
Enza (IC50 = 0.08µM) on the AR transcriptional activity in LNCaP cells

(Right) IC50 curve illustrating the inhibiting effect of 14449 (IC50 = 0.17µM)
and Enzalutamide (IC50 = 0.08µM) on the PSA levels in LNCaP cells

Inhibition of AR transcription 

Log conc. (µM)

Inhibition of PSA

Log conc. (µM)
-3 -2 -1 0 1

0

30

60

90

120

14449 Enzalutamide

-3 -2 -1 0 1
-20
0
20
40
60
80
100
120

%
 A
ct
iv
at
io
n

%
 A
ct
iv
at
io
n



%
 A
ct
iv
at
io
n

Log concentration (µM)

14449 Effect on MR49F(Enza Resistant) Cell Line

The effect of 14449 on cell viability in an Enzalutamide resistant cell line
(MR49F) where the compound demonstrated IC50 of 0. 21µM



14449 Inhibits the Activity of AR Splice Variant, V7
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14449 inhibits the transcriptional activity of wild type AR splice variant, V7
in luciferase reporter assay. Enzalutamide has no effect on V7.
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Lesson 4

Work with experimentalists during the screening



14449 Demonstrates Selectivity Toward the AR

(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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Molecular dynamics simulations was performed using explicit solvent model. The total
run time 3µs. 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.

VPC ‐ 14449 Firmly Binds to the AR DBD Target Site



Consensus Validation of the Binding Site and Poses

1. Multiple MD simulations

MD simulation starting from 
the representative pose Comparison with the mutation experiment

Verification #1 Verification #2

2. Sampled binding poses 4. Representative pose

Most stable BELargest cluster

3. Cluster analysis &
Binding energy calc.
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Lesson 5

Validate your hits in details experimentally and ‘in silico’



VPC ‐ 14449 Demonstrated sub‐Optimal Stability

41



Pharmacokinetics of VPC‐14449 

0,001

0,01

0,1

1

10

100

1000

0 5 10 15 20 25

IV-14449

IP-14449

PO-14449

Se
ru
m
 c
on

c
(µ
M
)

Time (hr)

‐ 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 H2O

‐ 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



MR49F (Tumor Volume) C4‐2 (Tumor Volume)

Weeks of treatment
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(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. 

In vivo Effect of VPC ‐ 14449
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Predicted Metabolic Liabilities of VPC‐14449
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Lesson 6

Use the best practices and consensus scoring



14512/14518

Second Generation VPC‐14518, Improved Stability and Potency

40



Selecting a Clinical Candidate VPC‐14518
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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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