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Strategies in Drug Discovery
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“Fr-PPIChem"” : a French National Initiative
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“Fr-PPIChem"” : a French National Initiative

PPI-focused Chemical Libraries
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Drug Chemical Space is nearly infinite...
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Finding a new drug is an almost unattainable challenge...

N
"The best way to discover a new drug
is to start with an old one...”
Sir James W. Black
(Prix Nobel 1988) )

Drug Original Indication New Indication
Aspirin Inflammation, pain Antiplatelet, Cancer
“Off-target concept”:
Bupropion Depression Smoking cessation
The drug acts on new ta rgets, out Disulfiram Alcoholism Melanoma
Of the Orlglnal scope, Wlth d NEW Doxepin Depressive disorder Antipruritic
therapeutlc Indlcatlon Gemcitabine Antiviral Cancer
Methotrexate Cancer Psoriasis, rheumatoid arthritis
Both the targets & the indications [ Minexidil Hypertension Hair loss
are new. Sildenafil Angina Erectile dysfunction (Viagra®)
Thalidomide Morning sickness Leprosy
Tretinoin Acne Leukemia
(+]

Hopkins, The druggable genome, Nat Rev Drug Discov, 2002




Drug Repurposing in Cancer: Turning Liabilities into Opportunities...

F itini 1 —aru :
. Masitinib (Masivet®) T -
= & Patrice Dubreuil & AB Science

Dual protein kinase and nucleoside kinase
modulators for rationally designed
polypharmacology

Kahina Hammam!, Magak Saez-Ayola
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|  Hamman et al, Nat Commun, 2017




dCK vs. Cancer ...

§ dCK is a key enzyme in the Nucleoside Salvage

Pathway (SP)...




dCK vs. Cancer ...

dCK is a key enzyme in the Nucleoside Salvage .. which recycles bases and

Pathway (SP)--- nucleosides originating from
the degradation of RNA and
DNA to achieve the
biosynthesis of
deoxyribonucleotides, required
for DNA replication and repair

o

dC/dA /dG dCMP / dAMP / dGMP
|||||||||||||||||||||||||||||||||||”“|l"
w A
Gemcitabine GemcitabineMP GemitabineTP

-.
|+ numerous anticancer and antiviral nucleoside analogues



dCK vs. Cancer ...

RNA expression (nTPM)' Protein expression {score)'
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dCK vs. Cancer ...

Highly expressed in bone
marrow and lymphoid tissues

RNA single cell type
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dCK vs. Deoxyribonucleotides biosynthesis Pathways...
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dCK vs. De novo & Salvage Pathways...
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dCK vs. De novo & Salvage Pathways...
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dCK vs. De novo & Salvage Pathways...

Inhibition of one pathway alone do not stop DNA synthesis

Main pathway Salvage pathway
De Novo Pathway Salvage Pathway
dc
Glucose and amino acids dT dA £
: du dG - S
i 2
ubp CMP
a ADP diMe  damp S
S o GDP . dGMP ©
5 Z.amy - :
< v 4
£ gcop gCTP gUTP dcTP
< UDP __, dUTP «—— dTTP
2 dapp " datp > PNA slls
dGDP  dGTP




dCK vs. De novo & Salvage Pathways...

Inhibition of both pathways stops DNA synthesis

Main pathway Salvage pathway
De Novo Pathway Salvage Pathway
dc
Glucose and amino acids dT dA £
! du dG o _.g
i 2
ubp CMP
a ADP diMe  damp S
S o GDP . dGMP ©
s —) 3 :
= +
S g dcop  dcrp duTP dCTP
o dUDP — dUTP —> DNA — dTTP dATP
Z dADP " dATP ¢ dGTP
dGDP  dGTP

Concept of Synthetic lethality

(DNP + SP)

o
Nathanson et al, J Exp Med, 2014




dCK vs. De novo & Salvage Pathways...

Hypothesis: Repositioning of masitinib to develop an inhibitor of dCK ?
Increase affinity to become an inhibitor ?

Protein Kinase Inhibitor Nucleoside Kinase Activator

Masitinib




dCK vs. De novo & Salvage Pathways...

Hypothesis: Repositioning of masitinib to develop an inhibitor of dCK ?
Increase affinity to become an inhibitor ?

Protein Kinase Inhibitor Nucleoside Kinase Activator

Q)

Drug repositioning Integrative
to drug design strategy Multidisciplinary
Approach

Nucleoside Kinase Inhibitor




Turning an Activator into Inhibitor

Masitinib interacts with dCK and links to a pocket that
overlaps with the active site
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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of Hit
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BINDING MODE: X-Ray

m Hoffer et al (2018) J Med Chem 61 5719-5732; Hoffer et al (2024) Nucleic Acids Res. Apr 30:gkae326.




DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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BINDING MODE: X-Ray

(4]
m Hoffer et al (2018) J Med Chem 61 5719-5732; Hoffer et al (2024) Nucleic Acids Res. Apr 30:gkae326.




DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS

@ 3D Characterization e
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Binding mode: X-Ray
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS

@ 3D Characterization

Binding mode: X-Ray

NH»>

REFERENCE
FRAGMENT

o
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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@ 3D Characterization
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS
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DIVERSITY-ORIENTED TARGETED SYNTHESIS: DOTS

@ 3D Characterization
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TURNING AN ACTIVATOR INTO INHIBITOR
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TURNING AN ACTIVATOR INTO INHIBITOR
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TURNING AN ACTIVATOR INTO INHIBITOR

Characterization
?

Binding mode: X-Ray

30

Crystal
structures

Modifications:

Cycle A -> Di-amino
Linker B-C = N-propyl
Linker C-D - Direct
Linker D-E - Sulfonamide
Cycle D -> CF,




‘(pre)Lead’ Compound & in vivo validation (CCRF-CEM/T-ALL model)

In vivo cell-line-derived xenograft
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‘(pre)Lead’ Compound & in vivo validation (PDX / T-ALL)

Ex vivo patient-derived xenograft
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Conclusions & Perspectives

%)

2 ‘ From a Drug Repositioning to a Structure-Based Drug Design program
o

)

3 ‘ ‘chemoDOTS’ transformed a ‘dCK’ activator, Masitinib, into an inhibitor:
‘2’ from uM to sub-nM IC.’s

8 ‘ ORO0642 validation in vitro, ex vivo and in vivo (CDX & PDX)

N ‘ Developing orally-compatible version (on going synthesis)

r

> ‘ PDX studies (on low & highly proliferative patient samples)

-

Eﬂ ‘ Biomarkers correlation (w/ single seq RNA from patient samples)
V) .. ..

g ‘ Preclinical regulatory studies in 2025

@ Phase | in 2025-2026




HEMOD®

HEMISTRY-DRIVEN LIBRARY BUILDERD @08 € C

(HEMO ) Step-by-step Tutorial Start a new Project

The web server facility is freely accessible to all users, including commercial users.

Structure Reaction rules Summary Raw library Post processing Download 2D Download 3D

Draw Fragment Example 1 Example 2 Reset
=8 X006 & R-gH &0
&
7.
W
@

o —
https://chemodots.marseille.inserm.fr/

? How to use the server ?

o Draw or import molecules in sketcher

e Chemical functions are automatically detected

0 Select function used as attachment point for growing
o Select reaction(s) for growing

e Generate raw chemical library

O Filter library using physico-chemical properties

O Generate mol2 files with atom types and charges

() Optional steps

Progress through each step by using [JJES

To cite the ChemoDOTS web server, please refer to the following publication:


https://chemodots.marseille.inserm.fr/

ChemoDOTS webserver functionality

# Step 1 : Draw Fragment

wee  ©
DERYCxXfdartwon ;‘wfw
lr:' H‘C-_\ o ’ Wy

N.
<\N | ~)§:: The':ctivated

Fragment can be
. drawn or imported
e into the sketcher

£Step 2 : Chemical Reactions

] Choase the targeted function

Chemical Functions are
automatically detected

ieg

Chemical Reactions
can be selected

Ex : Sulfonamides

Rule-30 Reductin

Step 3: commercial libraries

Reaction rules Hartenfeller 51: Buchwald-Hartwig

Different commercial
building block
libraries can be
selected with diverse
compositions and size):

ilding Block datab

Maolport (default) ~

Melport (default) ~

Enamine

Enamine + Molport

Step 4 : Undesired Structures

It is possible to select undesired sub-structures
(ex Nitro groups). These sub-structures will be
discarded from the final chemical library

¥ Step5: Library Design

1650 compounds 77 compounds

generated efﬂji*ji“ql —_discarded
S e, S
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lh. Step 6 : Post-Processing

Properties of the library can
be adjusted to improve its

drug-likeness
. B n_ 20 formats. 30 formats.
- ’

MW .. LogP

T s 4 @ sue L]

Output archive c ontents

Donors Rings

Acceptors

%
%

Rapid: generates ~1000 molecules per second
Practical: all building blocks commercially available

Integrated: compounds produced in “ready to dock” format

s Practical Fragments @PracticalFrag - May 28
Welcome ChemoDOTS web server!
practicalfragments._blogspot.com/2024/05/free-c...
Free resource finds functionalities on fragment hits, picks suitable

reactions, predicts resulting molecules & lets you refine by cLogP, hydrogen

bond donors, and much more

@Xavier Morelli @CNRS @Inserm
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ChemoDOTS utility: retrospective hit to lead for approved drugs

OLUTASIDENIB
(approved in 2022 - RIGEL PHARMS INC)

ANTINEOPLASTIC
ISOCITRATE DEHYDROGENASE-1 (IDH1) INHIBITOR
r/rAML IDH1mut

CH5
M
Qﬁ’“‘j/”
HM 3
Cl
= CHy
N —
H

Credit: Dominique Douguet

(H EMOD®D Step-by-step Tutorial

The web server facility is freely accessible to all users, including commercial users.

37%

Start a new Project

Structure  Reaction rules Summary Rawlibrary  Post processing Download 2D Download 3D

Draw Fragment
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<- Previous

Choose the targeted function.
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® Primary alkylamine
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@ [ Hartenfeller 48: Sulfonamide

[} Hartenfeller 51: Buchwald-Hartwig

© [ iscB68: Amide acyl-chloride
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>80k synthetically accessible analogs generated in

HEMOD®D Step-by-step Tutorial Start a new Project

Iaswnt

The web server facility is freely accessible to all users, including commercial users.

Structure  Reactionrules Summary Rawlibrary  Post processing Download 2D  Download 3D
Raw library download

Duration of library generation: 00:02:05

Overall

Total building blocks
Reacted building blocks
Generated products
Duplicate products
Final products

Overall contribution to chemical space

Hartenfeller 51: Buchwald-Hartwig

Generated products overview

L
Toe .

MialP IPert-000

<- Previous

Credit: Dominique Douguet

Here you can find some statistics about the raw library generation. The downloads are available below.

You can bookmark the following link to reload and access the saved data, which will be stored for two weeks:
https://chemodots.marseille.inserm.fr/growing?tab=4&experiment=a7c39758-27d1-4a05-8109-07cd2174b6ba
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131 analogs have a pyridinone group as in the drug Olutasidenib

% overall filtered_products-subset.dwar

Table | 3D View

Structure Similarity [FragFp]

0.90.9250.950.975 1
488 of 508 MB

[ Neighbor Tree +=Cxy O x| | Structure

Molecule Name ®
(comains ]| |
s ®
° o)
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| ‘Column Name Value
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< UMAP X -4.541557
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\ cl
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1 difference with the drug Olutasidenib:
N-demethylation

Olutasidenib

Credit: Dominique Douguet
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Estimated Affinity nM

ChemoDOTS integration with virtual screening to select synthesis priorities

HEMOD®

dooeeec

Characterization Design Virtual Screening
a o
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ChemoDOTS ongoing utilization: hit to lead optimization of novel CD47-
SIRPa immune checkpoint inhibitors

A low-affinity hit identified from screening was refined into
a_high-affinity lead-like inhibitor of SIRPa-CD47 interaction

, , Validated
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PhD Student: G. Charifi-Hoareau
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Continuous improvement and Perspectives

Update with latest robust
chemical reactions (e.g. C-C
coupling)

HEMODOQT!

Automated
proposition of
activated fragment

~

Activated Hit

dooTeer

(CHEMICALREACTIONSH

RULE_41_VINYL-TERM_HECK
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RULE_44_CARBONYL_GRIGNARD

RULE_45_ALCOHOL_GRIGNARD

Virtual Library
Generation

Post-
Processing

RULE_46_ALKYNE_SONOGASHIRA

RULE_47_AMIDE_SCHOTTEN-BAUMANN

Building Blocks

RULE_49_N-ARYL_HETEROCYCLES
RULE_50_WiTma

Chemical Reactions

ALL COMPOUNDS IN THE VIRTUAL LIBRARY
ARE AMENABLE TO ORGANIC SYNTHESIS
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EEE R AR
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Focused Virtual Library

Incorporate linking and
covalent design strategies

—

s ), Lys

Y TN

CovaDOTS
Growing/Linking

Transform reversible ligands into covalent inhibitors

Direct integration in
fragment screening
libraries

Ultrafast NMR-based  ~

I Fragment Library
| 480+ COMPOUNDS

Hit-to-lead optimization
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Continuous improvement and Perspectives

Hit ID strategies Update with latest robust
CryptoDOTS chemical reactions (e.g. C-C
coupling)
2008CC0Q
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T~

~

RULE_50_WiTTG

Chemical Reactions

ALL COMPOUNDS IN THE VIRTUAL LIBRARY
ARE AMENABLE TO ORGANIC SYNTHESIS
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Focused Virtual Library

Intelligent library
refinement

Incorporate linking and
covalent design strategies

—
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CovaDOTS
Growing/Linking

O

Transform reversible ligands into covalent inhibitors

Direct integration in
fragment screening
libraries
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Virtual screen
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