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Drug discovery

Academic Industry
CRO
Description of activities

Target identification Medicinal chemistry,

and validation (basic biology/ SAR, improve potency,

biochemistry/functional in vivo testing in rodents,

genomics/bioinformatics), exploratory PK, metabolism, First time in humans: Large safety and efficacy

develop screening assay, exploratory toxicology. safety, tolerability, PK. studies: 1000-3000

X-ray crystallography Compound selection 20-80 subjects exposed subjects exposed
Complete assay Complete toxicology Clinical proof of principle, Submission of dossier
development, HTS, identify (safety studies in animals), dose-range finding, to regulatory agency.
hits, X-ray crystallography, process chemistry early side-effect profile: Manufacturing. Post-
medicinal chemistry to scale up, IND, formulation, 200-300 subjects exposed launch trial (Phase IV)
improve potency of hits, batch manufacture
confirm robustness of lead

Process for competitively selected projects
| |

Exploratory Lead Lead Preclinical

early discovery identification optimization transition 7Pg;se | Zg;se i Zg;se i ggslstratlon
0 (0] (o] (0]
30% 65% 55% 55% success rate success rate success rate success rate
success rate success rate success rate success rate
Basic science Discovery Development Regulatory

Nwaka S and Ridley RG Nature Reviews Drug Discovery 2, 919-928 (2003)



Drug discovery

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).
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Chemical space

Possible compounds with <600 Da

Bohacek RS et al Molecular Research Reviews 1,3-50 (1996)



Chemical space is Y(h)uge!

1010

Approved
drugs

|

Mullard A Nature 549,445 (2017)



Chemical space is Y(h)uge!
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1000  chemicar cosmos

Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
chemists estimate could be made,
— as shown by this logarithmic scale.
Even fewer have become drugs.
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Needles in enormous haystacks




Finding that rare needle...



High throughput screening

Library

30 heavy atoms

Candidate

Lead/
it




Drug discovery — HTS hit

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



High throughput screening

060 CHEMICAL COSMOS

o Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
chemists estimate could be made,

— as shown by this logarithmic scale.
Even fewer have become drugs.
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Fragment based drug discovery

A
A

N

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Fragment based drug discovery

Library

15 heavy atoms
~10°

& Candidate

Evaluate WEAK }
binding Lead

\ Rationally /

optimize




Fragment based drug discovery

060 CHEMICAL COSMOS

L Chemical databases contain just a
tiny fragment of all the compounds
with drug-like properties that
chemists estimate could be made,

— as shown by this logarithmic scale.
Even fewer have become drugs.
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HTS vs Fragment based

vet
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o

_ High-throughput screening Fragment-based

Library size

Molecular
weight

Screening
Affinities
Optimization

Main
downside

1,000,000 — 10,000,000
>300 kDa

More flexible
UM
Fixing problems, improving affinity

Attrition, can’t solve “challenging”
targets

<10,000
<300 kDa

Well characterized targets
mM
Iterative improvement

Biophysical methods are hard!



Fragment based drug discovery

Evaluate WEAK

binding



Assessing drug-target interaction

High resolution X-ray (or Cryo-EM) structure

Renaud JP et al. Nature Reviews Drug Discovery 15,679-698 (2016)



Assessing drug-target interaction

© Apo
120 - @ @ ‘@Ligand |
: 0—O QO
8.6 i :Spt:) 5 9.0
X-ray NMR

Cryo-EM

Renaud JP et al. Nature Reviews Drug Discovery 15,679-698 (2016)



Assessing drug-target interaction

X-ra Surface
Cr E/M NMR Plasmon
yo resonance
Surface Isothermal
Thermal -
Plasmon ; Titration
unfolding .
resonance calorimetry
Mass Deuterium Microscale

spectrometry - Exchange MS thermophoresis

Small angle Quartz
\X-ray crystal
scattering”  microbalance

Fluorescent or
Radioligand binding



Fragment based drug discovery

S

\ Rationally

optimize



Increasing fragment potency

Fragment Growing Fragment Linking

_»

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of binding

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of binding

AG=AH-TAS

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of binding

AG=AH-TAS

Mﬂgb\x@f;\m Fragments primarily

exploit enthalpy

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of linking

AG, AGy AG.

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of linking

AG,, ., =AG,+ AGg+ AG,

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).



Thermodynamics of linking

AG, ., =AG,+ AGg+ AG + AG

other

Often AS driven

Rees DC et al Nature Reviews Drug Discovery 3, 660-672 (2004).
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Discovery of vemurafenib
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Other effectors: for example,
PI3K, RALGDS, PLCe

Nuclear translocation
and gene expression

Bollag G et al. Nature Reviews Drug Discovery 11, 873-886 (2012)



Vemurafenib (V600E mutated B-raf inhibitor)

20,000 fragments
150-350 kDa

<8 H-bonds
Soluble

Few rotable bonds Fragment
&200 UM @ 5 kinases growth

100 cocrystal
structures



Vemurafenib (V600E mutated B-raf inhibitor)
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Compound 1

* |C;,inmM range

* | ow affinity: ~200 uM
* | ow specificity

* Crystallized with PIM1

Bollag G et al. Nature Reviews Drug Discovery 11, 873-886 (2012)



Vemurafenib (V600E mutated B-raf inhibitor)

Scaffold

screening
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Compound 1

* |C;, inmM range

* L ow affinity: ~200 uM
* | ow specificity

* Crystallized with PIM1

Compound 2

*|C;,in uM range

* Moderate affinity: ~2 uM
* Moderate specificity

* Crystallized with FGFR1

Bollag G et al. Nature Reviews Drug Discovery 11, 873-886 (2012)



Vemurafenib (V600E mutated B-raf inhibitor)

Scaffold Scaffold Lead Profile

screening validation generation optimization
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Compound 1 Compound 2 PLX4720

* |C;,inmM range *|C;pin pM range * |C.;in nM range

* L ow affinity: ~200 uM * Moderate affinity: ~2 uM * High affinity: <20 nM

* | ow specificity * Moderate specificity * High specificity

» Crystallized with PIM1 * Crystallized with FGFR1 ® Crystallized with BRAFV500¢

Bollag G et al. Nature Reviews Drug Discovery 11, 873-886 (2012)



And it works!

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

N ENGLJ MED 364;26 NEJM.ORG JUNE 30, 2011

Improved Survival with Vemurafenib
in Melanoma with BRAF V600E Mutation




Overall Survival (%)

Vemurafenib improves overall survival

100 HHAet LI
90
80
704
60 Dacarbazine (N=336)
50
40- E—
30

Vemurafenib (N=336)

201 Hazard ratio, 0.37: 95% CI. 0.26 to 0.55:
104 P<0.001

Months



But nothing is ever easy...

After ipilimumab,

dacarbazine, + 15 weeks of + 23 weeks of

carboplatin/paclitaxel/ vemurafenib vemurafenib
interferon/IL2

Wagle N. J Clin Oncol. 29:3085-96 (2011)



But nothing is ever easy...

Vol 464|18 March 2010 |doi:10.1038/nature08902 nature

LETTERS

RAF inhibitors transactivate RAF dimers and ERK
signalling in cells with wild-type BRAF

Poulikos I. Poulikakos', Chao Zhangz, Gideon Bollag3, Kevan M. Shokat® & Neal Rosen'

=> ~30% squamous cell-carcinomas



But nothing is ever easy...

| Growth factor

Raf isoforms
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Davis MJ & Schlessinger J. J Cell Biol. 199:15-19 (2012).




But what about “challenging” targets?



Discovery of venetoclax

Intrinsic pathway Extrinsic pathway

Growt h-fact'or deprivation, 'PTNFR]*‘

stress, UV, viruses . . ‘

C= BCL-2 => tosi

" Cytochrome c release, >
mitochondrial fragmentatlon T/o °

APAF] assembly
into apoptosome

Apoptosis

Nature Reviews | Molecular Cell Biology



BCL-xl is a classic “challenging” target

BCL-X|
BAD peptide



“SAR by NMR”

+3472 fragments

&NMR to test sets of 10 &NMR to test sets of 5

660 cmpds 300 cmpds

MR to retest NMR to retest

9373 fragments

49 w/ 24 w/
Kd <5 mM Kd <5 mM
Fragment 1 \ Fragment 2

-0 O~on



15N ppm

111.0 1100 1090 1080 107.0 1060 105.0

Fragment Based Discovery by NMR

BCL-X, protein alone

+ Fragment 1

OO~

+ Fragment 2

I )-oH




Fragment Based Discovery by NMR

- D~on

Fragment 1 Fragment 2



Fragment Based Discovery by NMR

OH
(300 uM) O \' O~-on (6000 M)

+ Fragment 1 + Fragment 2



Fragment Based Discovery by NMR

20

300 uM = 6000 uM
(F rst site ligand) (Seoond site ligand)
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Integrative biophyiscs in drug discovery

X-ra Surface
Cr E/M NMR Plasmon
yo resonance
Surface Isothermal
Thermal -
Plasmon ; Titration
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Mass Deuterium Microscale
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Fluorescent or
Radioligand binding



Questions?



