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The Making Of An Innovative Medicine — course schedule _:.

Thursday‘s @ 4-6 PM except 14.12/21.12.23 @2-6 PM

Session 1: Scope of the course _ general organization _ case study

21.09.23 Embracing a career at the heart of biomedical research !?
AAC108

Session 2: Historical perspective: the modern pharmacy

28.09.23 Advent of modern medicines - placebo controlled drug development
AAC108

Session 3: Introduction to translational research: crossing the bridge

05.10.23 A chasm has opened wide between biomedical research and patients in need
AACO14

Session 4: Therapeutic target identification | & i
12-19.10.23 “me too” vs a wealth of innovative targets _ small MW cpds vs biologicals

AROL4 AACI08 Eqrly front loading.g ohort stratification

sion 5: Structure based drug design _medicinal chemistry_low/high throughtp

26 10.23 screening assays_ multiple parallel parameters optimization MDO
Setting up screening assays, the robotics, the million cpds librairies

and piologicals: today’s -

Session 6: Therapeutic modalities pef

02.11.23 tomorrow’s pharmacy NBEs
AACL08 Challengies (cost of goods - healthcare payers) and opportunities
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with Nobe!l ureates whie 2 |peniclin: impact whose invention ?
hopping on gant shoulders 3 3¢ 3t the core of prychiatry
4 | hpitor/stating at last a blockbuster
S |antemsinin and malara Umalr
6 | cyciosporin from soll sample to blockbuster | Umair
503(5-10-23) 1 AACOI4 |
vanstonal research 7 _|expanding the scope of targeted therapies
MM 8 | cheonotherapy Pt
504 (12-10-23) | AACOI4 |
identification | 9 |rare dueases repurposing medicines Adnen
S04b(19-10-23) IAACIOB | | 10| noconomial m/MESA/phage artacterals | Georges
identification | 11 | Crispe/Cas9 gene editing huntington dsease | Pt
12 Alnan‘gba»«y Simon
$05 (26-10-23) | AAC108 |
structure based drug design 13 and non ble targets Masota
14 | chemoproseomics - NMEs Nco G
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modaities - NBEs | 15 | Bologcals/Biotech production,incr eting Tim
16 | armed monodional AB medicines No G
16 | RNA therapetics, antsense medicines
$07 (9-11-23) | AAC108 |
_PHC personalized healthcare 17 | BRCA1 preventive surgery /tumor board Niita
_Human genomics 18 | SOPHA Genetics - GWAS
19 auaumbb‘ blomarkers/micro RNAs Iska
508 (16-11-23) | AACOI4 |
20 | NextGenSequencing - precision medcine Huer
21 | SeCODE Inc Keland gerwa
509 (23-11-23) | AAC108 |
nvivo pharmacology 22 | organcuds come of age Nathabe B
m 23 wldomd!npupou‘ Ekaterira
1
|¢-um 24 | Al medicine 2.0
25 | most common genetic defect : cystic fibross
26 | sex bias in prechonial and chnical research Wedn
27 nocho effects Tim
511 (07-12-23) | AAC108 |
ntellectual property /integrity | 28 | SMA gene therapy - pay for performance Abtin
29 bmm-zhndno-my'momo khosiyat
s12 starts @ 2PM medicre all ¢ nvitees
Jmen1saz
s13 sart @ 2 medicire all ¢+ nvitees
Tacs
other worshops opportunties | 30| insulin-Banting Best et al beagle dog S02
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Session 5 — Drug design : 90% of today’s medicines are issued
from medicinal chemistry
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Adressing a novel therapeutic target :
small MW chemical cpds versus large biological moieties : what’s best ?

biological

N1R QR

On average you are likely to take 15,000 SMW pills during the course of your life time !



The Making Of An Innovative Medicine: From Idea to Medicine -

HTS involvement

PRECL\NICAL

compelling
genetic evidence
underlying the
PRECLINICAL symptoms/diseas
TEST PK/PD- ‘
SAFETY

TARGET DRUG
IDENTIFICATION CANDIDATE

is my cpd safe

therapeutic

[ ~1’000'000’000 ~ 10’000

in animal .
modalities can model? at CHF animals
help eg. to treat what dose?

chronic pain?
Diabetes? a rare

~ 1000
patients/
volunteers

Is the
therapeutic
target
«druggable»,?

~ 450
scientists

medicinal chemistry (med
chem) involvement




Disease biology _Medicinal Chemistry_Molecular Biology _Drug discovery ‘“;.

* SMALL MW MOIETIES TYPICALLY POSSESS <100
ATOMS (MW <1000Da) WHICH ENDOW A SMALL
OVERALL SURFACE AREA AVAILABLE FOR g
INTERACTION AND PHARMACOLOGICAL
INTERVENTION

* A DRUGGABLE TARGET IS BEST KNOWN BY THE
PRESENCE ON ITS SOLVENT ACCESSIBLE SURFACE OF
AN HYDROPHOBIC “POCKET”

* (INVAGINATION LINED UP WITH HYDROPHOBIC
AMINO ACID SIDE CHAINS)

Moellering RE et al. 2002 Nature 462:182-188



The screening cascade 1:10 000 makes it !
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HTS and MedChem : from milions cpd tested to a single medicine -

The screening cascade




High throughput screening : from hits to lead cpds
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The Making Of An Innovative Medicine: a look at the real world &
eg. «big pharma» Roche Inc. campus Basel Switzerland — 04:39 on-

https://www.youtube.com/watch?v=attNofZ7AnY




Robotics and medicinal chemistry : corner stone of HTS B

__—High throughpt!t screen (HTS) SRS ~ . Every day thousands of novel cpds are

G ‘ i ‘synthesized and registered in cpd repositories
agonist/antagonist to the therapeutic target y 8 7 e

ALl

Do we have the right lead though ?

A million compounds selected on a specific
therapeu'gic target in a few weeks time !

”

Clinical candidate selected ! Patent pending !

3 Bl Bl Bl Bl BII




Roche Basel automatic cpd repository: millions of SMW awaiting HTS
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AUTOMATED CPD REPOSITORY : CAN HOLD UP TO >1 MILLION OF PURIFIED
MOLECULES IN THE RANGE OF FEW HUNDREDS kDa
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Hit confirmation at single dose, followed by DRC and potency
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High throughput screening assays formats for all season : -
miniaturization (2-10 pul — 1536 wells) means cost effective HTS
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Finding the perfect match: most novel medicine design starts with an -
HTS (eg TECAN «Freedom EVO platform») see video on robotics

Automation on a Freedom EVO platform enabies cost-effective, high throughput HLA typing




Automatic liquid handling device : data validation, robustness




Finding the perfect match: layout of an automatic HTS platform :
assessing whether the response in a particular assay is large enough

incubator
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“Needle screens” of selected bioactive molecules: |
fast track to the clinical candidate =

Bioactive Screening Libraries

Our ready-to-use MedChemExpress (MCE) compound libraries consist of over 4000 small molecules with validated biological and
pharmacological activities. They are available for high-throughput screening (HTS) and high-content screening (HCS). Compound
libraries are useful professional tools for drug discovery and new indication research.

° and effectiveness have been confirmed by Iterature, patent reports and clinical research. Many products are FDA-approved.
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The Making Of An Innovative Medicine: iPSC in translational research ‘

Large scale (HTS)
Primary drug screening
Disease target known

Moderate scale (HCS)
Target Identification
Disease target unknown

Small scale
Personalized drugs
Disease target known
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Any robust biological readout may serve as HTS :
PHENOCOPY SCREENS, eg Danio rerio, D. mel, C. elegans, S. cerevisiae etc ‘

Embryos o g

“

Small Molecules

No, N ):< N ) §
N Cl cu /.'_\’:/k r \ (\_\ l A a 2
a x © ]

C

| Ixs h l
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i : b}m “"’\./’\/‘o)\) Isolation of the effects

y : | of small molecules
oo /- Phenocopy screens primarily generates "orphan” drugs -~ - 3£

N . o o o N AN O = N f \
Genome wide screens identify the therapeutic target (eg Warfarin deorphanized as VitK epoxyde reductase)
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Phenocopy vs target based cpd screens g

Target-based drug discovery

ot > e N »mm> ,::);-

From hit to lead cpd : once a primary HTS screen has been performed, eg.
FRET secondary assays

BII B BI BII
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Benchtop low throughput screening LTS assays:
confirmation of first HTS hits (secondary assays) ‘

-~ Secondary Ibwthroughputscreen:TECAN‘i_nstrume_nts leading - y

|

|

class filters reduce cross contamination

1erosol binding filters

B ——
v
All ALl

Table top precision liquid haﬁdling robotics once
= o __..a primary “first hit” cpd has been selected -
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From HTS hits to lead cpd and clinical candidate identified ‘

On average you are likely to take 15,000 SMW pills during the course of your life time !

24yens
=3 I—3 371 I
Development candidat e is taken forward
Target structure obtained
.
Chemistry begins
.
HTS hits confumed
.
HTS
.
Assay developed
.laloet selected Why SMW medicines/cpds ? advantages, cost of

goods etc ! from ancient herbal medicine to
modern chemotherapies, HAART etc !



Medicinal chemistry step by step ‘

Medicinal Che;nistry Strateg);

R&D Development
‘NewMed Target Lead Lead Phase Phase Phase Phase
Proposal As50s5s D oP 0 1} Reg On Market

Medicinal Chemistry

How to reduce pre-screening costs ? SSS

Bai XC. 2015



Medicinal chemistry : optimization of the target — a major challenge :.

Compound optimisation is faced with attrition

- T O .

LO Phase! Phasell Phaselll Reg

molecular Targets  drug candidates drugs Cost

= h "
projects

-

3 1

1.2 1
n - A J— __. years
7 .

6
Medicinal chemistry has high attrition - fail fast, fail early, fail cheap!



medicinal chemistry driven drug design : ‘

which one is the good one ?

The ‘chemistry’ in Medicinal Chemistry

Chemistry basics in 30 seconds:
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We would have to make lot of molecules - how do we know which one’s to make and test?



MedChem : impact on clinical practice : HAART

1981 Discovery of HIV, shortly after monotherapy of AIDS patients on AZT

1982-1990 Monotherapies proved ineffective, due to HIV’s ability to develop
resistance to single drug treatments. death toll still massive

1995 Development of HIV drug cocktails was introduced and is known today
as HAART for HIGHLY ACTIVE ANTI RETROVIRAL THERAPY

Diana shakes hands with an unidentified AIDS patient on April 19,
1987. John Redman/AP

AIDS patients experience a long life expectancy in seropositivity THANKS TO ESSENTIALLY
only 3 PILLS A DAY ( yesterday patients swallowed « the entire pharmacy »

Etavirenz Emtricitabine
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MedChem : impact on clinical practice : HAART
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Medicinal chemistry : cryo EM allows prediction of enzyme function ‘
and medicinal chemistry driven drug design

How can we know which compounds to make?
The power of an optimal DSTA cycle!

1080
theoretically ‘ asr; m
pOSSib'e MW ~ %00 Da
molecules
Med Chem Design Quality and Speed
“Overclocking the Design Cycle” Mg:’og:‘;':eggu

Data driven predictive drug design
by medicinal chemist

Iterative Design Cycle (DSTA cycle)




Medicinal chemistry : cryo EM allows prediction of enzyme function -
and medicinal chemistry driven drug design

STRUCTURE SOLVERS Figure 1: Atomic structure of human y-secretase. )

X-ray crystallography has P
long been the dominant —-\
method for deducing %—\\

high-resolution protein =
- -

structures, but cryo-electron Ifterterence:

Z
microscopy is catching up. &;{@?—
e

70A

X-RAY CRYSTALLOGRAPHY
X-rays scatter as they pass
through a crystallized protein;
the resulting waves interfere with
each other, creating a diffraction
pattern from which the position
of atoms is deduced.

: Figure 3: Alzheimer's disease-derived mutations map to two

hotspots in PS1.
X_r a c
a = aan
Y e (@D
e o
O " @ ST ke
Ry ‘('»‘. 58 A
CRYO-ELECTRON MICROSCOPY - » o =

A beam of electron is fired at a frozen vy
protein solution, The emerging scattered =
electrons pass through a lens to create

a magnified image on the detector, from
which their structure can be worked out.

a, The y-secretase structure is shown in cartoon representation (

Bai XC. 2015 Nature 535:212-217

a, An overall view of the PS1 residues targeted for mutations in patients with Alzheimer's

) nature
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MDO : parallel Multiple Drug Optimization B

permeability crystallinity

lubili rotein bindin chemical stabili
solubility protein binding | ity T
clearance in vi
oKa (acidity/basicity) in vitro tox assays

logD / lipophilicityQQcovalent binding

Time dependent

efflux / P-gp CYP inhibition




MDO : Multiparameter Drug Optimization ‘

MDO simplified (drug likeliness or Pfizer’s rules)

« Solubility

« Lipophilicity (clogP) octanol water partition <5)
 Number of H donors (<5)

« Number of H acceptors (<10)

* Molecular weight (generally <500 Da

« Permeability (PAMPA assay)

« CYP450s screen (eg. adverse drug metabolites

» Metabolic stability (PK, PD, ADME)

« Cardiac ion channels (hERG, “torsade de pointes”
« CEREP screens, kinase panels, GPCR panels

C.A. Lipinski et al. Adv. Drug. Delivery Reviews 23 (1997) 3.

TN lechure Madern Mehods in Deug Dacovery WS008




Why SMW cpd ? Practical dosage form, with a glass of water and more ! ,:.

Medicinal chemistry : what properties a drug need to have ?

 DRUG DISCOVE i a P. Leeson. 2012. Nature 481:455-456

Chemical beauty contest

Most drug candidates fail clinical trials, in many cases because the compounds
have less than optimal physico-chemical properties. A new method for assessing
the ‘drug-likeness’ of compounds might help to remedy the situation.

* MedChem has still a bright future even with the advent of many other therapeutic

modalities (MAB, RNA, DNA etc.
* Drug candidates are developed from the optimization of “lead” molecules (SAR) —

selectivity versus off target (safety)— pharmacokinetics/pharmacodynamics — large
production — cost of goods - manufacture

* Like all rules in biomedical research, Lipinski rules can be misleading (some cpd may
pass through and dwell toxic in clinical trials, some excellent potential medicines may
fail because of one criteria was not satisfied (eg high cLogP)



Medicinal chemistry : what properties a drug need to have ? -

Activity on biological target & mechanism
of action: <10 nM

Selectivity versus off-targets: highly
selective or designed polypharmacology

Molecular Properties: highly soluble &
permeable, low MW, etc

Pharmacokinetics / ADME: consistent with
once a day dosing

Pharmacodynamics: strong PD effect
Safety / Toxicities: no serious adverse events | —

CMC/Chemistry, Manufacturing &
Control: short synthesis and low cost to . -
produce



«Pfizer’s» rules or «rule of five»

BOX1

The Lipinski rule of five

The medicinal chemist Christopher

Lipinski and his colleagues analysed” the
physico-chemical properties of more than
2,000 drugs and candidate drugs in clinical
trials, and concluded that a compound is
more likely to be membrane permeable and
easily absorbed by the body if it matches the
following criteria;

@ Its molecular weight is less than 500.

® The compound’s lipophilicity, expressed as
a quantity known as logP, (the logarithm of
the partition coefficient between water and
1-octanol), is less than 5,

@ The number of groups in the molecule
that can donate hydrogen atoms to
hydrogen bonds (usually the sum of

hydroxyl and amine groups in a drug

molecule) is less than 5.

@ The number of groups that can accept
hydrogen atoms to form hydrogen bonds
(estimated by the sum of oxygen and
nitrogen atoms) is less than 10,

The rules, based on the 90-percentile values
of the drugs’ property distributions, apply
only to absorption by passive diffusion

of compounds through cell membranes;
compounds that are actively transported
through cell membranes by transporter
proteins are exceptions to the rule. Due in
no small part to their simplicity, the Lipinski
criteria are widely used by medicinal
chemists to predict not only the absorption
of compounds, as Lipinski originally
intended, but also overall drug-likeness.

Prof RG Clerc « the making of an innovative medicine »



«Pfizer’s» rules or «rule of five»

Fail

-

Physico chemical criteria such as
those defined by the “rule of
five” are used to predict

whether a cpd is drug like or not
" P 8 Y,

~N

B Lipinski fail
M Lipinskl pass

02 04 0.6 08
Drug-likenass

1.0



Medicinal chemistry : drug like compounds ‘

o Drug-ike compounds (Lipinski's rule)
(_'} * Not more than 5 hydrogen bond donors : 1
‘O * Not more than 10 hydrogen bond acceptors ©: 6 (8)
o * A molecular weight under 500 daltons : 337
"'ﬁ * A partition coefficient logP less than 5 : 0.9
% * Number of atoms from 20 10 70 : 44
‘L:N“’;‘_’:gom)"’“‘ * Number of rotatable bonds less than 10 : 5
* Polar surface area (PSA) less than 140 : 91
Computed Properties - Chem3D Properties Broker
Good solubility : 3.7 mg/mL in pH 7 phosphate bulier N
The oral bicavailabdity : 100% (rapid and complete absorption) o )\ /\(\ /G/\J
The excrebion : 20-30°% of the dose found in the urine as the paren drug : o'\ko
Has boon approved by the FDA in 2000 under the trade name Zyvox | -
Ford, C. W.. Zuwarko, G, E.- Babachyn, M R Cur. Orug Tarpets 2001, 7, 181100 foommq
‘{)N | Required for the activity
T

- " Used to be a “last resort” antibacterial e O
ZYVOX o X R Improves activity  “--= <7 Molecular
600 Oxazolidinone -Linezolid (NS 2 Hybridization
-~ (peptidyl transferase center (PTC) blocker) Stereochemistry is important 'XL
\\O \'



SAR : eg. from poppy seeds to modern analgesics -

Morphine Heroin Codeine Fentanyl
0
HO-_‘ ’_,--:__\ HJC\ __.0\ '__--“.:_-::._' C - \/— = Q_\\NQ’NW
W
o & AL 1
A
strong analgesic 2-4x potent vs 1 much less potent vs 1 more potent vs 1
bioavailability 25% better brain penetrant  metabolisedto 1 longer half life
by CYP2D6 bioavailability 87%
logD=0.04 logD=0.93
logD=0.46 logD=2.37
Natural ligands: endorphins such a big molecule
- r . gannot be absorbed as a
T ., S, Jdryg.
OA’ ‘: l\ “ \/y:: .../ :: -..,-:: '._\,Y;: T -N'I“/'\

H-opioid receptor (LOR) agonists are the most effécﬁve medicines in treatment of severe pain
Structure activity relationships (SAR) and structure property relationships (SPR)



SAR : eg. from poppy seeds to modern analgesics ‘

O
\/[kN N-phenyl-propanamide

H
\91
-

Scheme 1

piperidine ring
_N

B
&)

N-phenylethyl ring
Données pharmacocinétiques

Biodisponibilité 100 % (IV)
92 % (transdermique)
50 % (orale)

morphine y Métabolisme Hépatique, CYP3A4
fentan 1 Demi-vie d’élim. 7 (3 - 12) heures
Excrétion Rénale

u-opioid receptor (LOR) agonists are the most effective medicines in treatment of severe pain



Medicinal chemistry : antibacterials -

Geam + Gram -
—0
Staphylocoque (coccis en amas) : o N
Y J’\)\
- & coagulase neg S\~ Nz |
« N Nossoria (2 pANCIpALX COC gram -) N I |
L A -
Streptocoque (cocei en chainettes) : . B - o
Cocci - PHOGINGS GU FOUDE A, DHEUmOnan N

) . Moraxets a combo winner :sulfammethoxasol/trimetoprim :
Enterocogues : (diplocoques) . Branhamelia catahals nice charged groups, loves water : broad spectrum
entorococcus focals (rossemblent sux gram negative urinary tract infection
SOPCCO08)

L



Medicinal chemistry : the cephalosporin example

R 0
L]
s
L
A LY
Cefacetrd ONCOO0m, N, N
Cemnte o —t )
Ny, =S
CeMaepd =0 -
NH,
Cetacghyn CRLCO000m, X
L L
Cotacior O ' )
Ny, NS
Cefwienr N, ™\ )
L L
¢ . N — on
N, \ =
NN )
Cetat=ar y M
" S O L LY
c
NN —
Cefareden 4 < -N =
o 3 $—On, Y
<
Cotapre HLO00s, NS N
NN LRl
Cefesol n
< $-On O .
NN N=N
Cetapoin F "
L T T S 8 oW
o,
Cefarafir : g CHS <F,
N 08
Cetwrtr CHCO00N, < g
" s
Cefwioresn NN, ¥y N
<% $
& . 9
Cefwlortm  MNLO nN-CH,

(_‘.5‘

8

N
H

imidazole

N

7\
¢ Y
oxazole

- AN

> N/

quinoline

VY
N

pyrazole

[\
0

isoxazole

o

H
indole

N=-N

¢ Y

N o)

1,2,4-triazole 1,3,4-oxadizole
N
L) ‘.
S 'S
thiazole isothiazole

s Oy

H H
benzimidazole indazole

wource: Adam Renslo: The Organic Chemistry of Medicinal Agents

ww.accesspharmacy.com

lopyright © McGraw-Hill Education. All nghts reserved.



Ceftriaxone (Rocephin) : a cephalosporin third generation{_ il

Cetcarw

Cevomn

Cevoantn

Colalogycn

Cotacor

Cetalern

Cetaarmr

Cetotrion

Cortaseacn

Cetapern

Cettenol

Cetacoim

Cetarane

Cotalotn

Cotalonan

Cotaboranm

ONE000H,
o
o0
CRC000M,
O
o,
O -
LB
. oy
NN
O g o
OACO00H,
non
. > 3 o
NN
L -t
o4
N=N
~ -0 —
O L0000,
. e { ™,

Ceftriaxone
e, N s NHZ
4'./- ?'::'
A \
4 / The scafold
U
“;—4\ |
o)
R N_ _O
& T I
¥ e N o
— b Cee H
NH,
u:(‘ \ ,::'b_a.
1o
n-N -I:jx:o
- NDC 0004-1963-02
s & -
= Rocephin
et (Ceftriaxone fg
LB
O " N
NS <,
Each vial contains ¢ lrc ——
A ; Ceftriaxo!
o 4y B Pregnancy AU: B1 Eutvalem to 500 mgk Rocaphin’ )
'm e us: B (No risk in non-human only i rIx %
o suaes) 500 mg/1SmL B 4 b
& Routes of Intravenous, intramuscular 1 Vial 4 201y 91278

-

) administration



Medicinal chemistry : covalent binding medicines time line

1897 1920819708 19808 19908
CH, N 0
& Py [ R g
0 o CH, O

OH o { O b f
oM s
Aspiria Penicillin Lansoprazcie Clopidogrel
cyclooxypenase DO-transpoptidase M K"-ATPase P2Y,, receptor
N ~ N - HS
SV [l e [0,
oM (Actve metaboline)
Cephalosporin C Omeprazole
DO-ranspepticase WK -ATPase
s&. Gy
rou‘:zeb (Active metadcing)
Orug Daccvery Tocay

Historical examples of approved covallent drugs. Electrophiies are highlighted (sulfhydryl, SH, &s 2 pre-electrophile).



MedChem: covalent binding medicines pros and cons

Summary ! pros 8! cons E m&! |n!ars

Pros

e High biochemical efficiency may translate to lower doses and
reduced off-target effects

e Nonequilibrium binding might help to overcome competing
endogenous substrate concentrations that bind to the same target
site

e Covalent binding might mitigate the development of drug
resistance resulting from mutation of a binding site.

e Uncoupled PK/PD and prolonged duration of action can result in
less-frequent drug dosing

e Can potentially address targets with shallow, undruggable binding
sites

Cons

e Potential risk of idiosyncratic toxicity and/or immune-mediated drug
hypersensitivity

e Hyper-reactive warheads might lead to other drug-induced toxicity
(e.g., hepatotoxicity, mutagenicity, or carcinogenicity)

e Not suitable for mechanisms requiring short residence time,
transient or partial inhibition

o Little advantage for biological targets that are rapidly turned over by

protein synthesis

Reversible inhibitors
Traditional reversil

Covalent inhibitors Directed covolent bond

between drug ond target

Covalent irreversible drugs bind
specifically to a drug target and
form a precisely directed,
permanent bond with their target

Low-reoctivity
bond-forming
site

\

Fig. 1: Timeline of the development of major covalent drugs.

%L

A b
R A L1
Y ﬁ\l -
Ao , 29 &? = ot N
&Y 1"1‘ (:KI‘ o %\ "
r ¥ <o Wl o 1 o
Aspirin first
marketed Fluorowr acil Clopidogrel Sotoravd (AMG 510)
159 1928 1962 1988 1996 1997 2003 011 2012 2013 2015 2019 2021
Pericidlin Foslomyc Bortezomib Adatinit Nirmatrehair
dacovered ,n
.4 ‘)< 3 \$«" » » - “ ?‘i
)1# w—— Yy C OO e on :5:« Y 0
R p Q '
}-\}
\/O[.. \.j:?_ Ccﬁn-b
Voselotor
/‘- C o
JY‘ f\. s ‘2 5
NSAD A itwod o Oncobongy Castroente
Heart disease and strole prevention Antwial \("~

Each covalent drug is classified according to the drug type or type of disease it treats. Unless



1a. Compounds with methyi-(3-trifluoromethyi-benzyl)-carbamic acid methyl ester motif of
torcetrapib (IN RED COLOUR) attached to a suitable THQ-replacement

B Aldosterone M cYP11B2

Compound (ICg, M)  Structure

FiC CFy
s .
F3
N

(o]
\o/lL N‘{

a (>100) > Facm CH3

: /\O/LO F
b (0.124) o S P
0100 An example of assay read out

Deow . . .

and medicinal chemistry MDO
e o8 " w
°® o N

/
o Yok

& NH;
9(0.293) N :

1b. Compounds with methyi-(3- . = acid methyl ester motif of I n dOIe

trifluoromethyi-benzyl)-carbamic
torcetrapib (IN RED COLOUR) but no suitable THQ-replacement

h (>100)

Composé organit

SO
|>100) .4
6100 & N

= H

~ oy, —I
' r ' ' ' ' T15504 ALDRICH
-100 -50 0 50 100 150 1,2,3,4-Tetrahydroquinoline
98%

ICq, of CETP activity determined using a scintillation proximity assay.
nd, not determined (benzoic acid derivative).

Synonym: THQ

Clerc RG. and Niesor EJ. American Heart Association Washington DC. USA



Secondary assays to validate on/off therapeutic target ‘

' l B e f0,0)= 5 B L @ R 7 R W e NN > ol
) eg. the dual role of TGFb
) e TGF-B from tumour supressor to -
| NCE gm“ - stimulation . G
e N cancer metastasis
: \ 0.,‘ > iy Bl
"a;sr-’”' CTRL
NI SiRNA - 1
knochdows <] Compound
RNA@ Profiling Qual'ﬁcat'on & .\
|
: e ST e ‘ + 4 4 i Al
T I, On-Target Signature il | 3 (2
- &> |
3 $ .-‘ :' g ; < I BII
I ar'e TGF-B Off-Target Signature < L O HA
~ Signaling

|

Al All Al ALV Al All ALl AV Al Al ALl

From hit to lead cpd :\of\- resp. off-target validation (undqsfred pharmacological adverse effects )

1 -

Bl BII BIll Bl Bl BIlI Bl BIl BHI



Advanced ................ : peripheral ischaemia-necrosis .

MEDICAL NEED : IMPROVE
ceeenenenene. USING A MEDICINAL
CHEMISTRY DESIGN

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Advanced ................ : peripheral ischaemia-necrosis )

ISLETS OF LANGERHANS
/

MEDICAL NEED : IMPROVE

ceeenenenene. USING A MEDICINAL
CHEMISTRY DESIGN

INATCURAL-DISSERTATION,

CALANGUNG DER DOCTORWDRDE

MEDICIN UND CHIRURGIE

MEDICINISCHEN FACULTAT
DER FRIEDRICH. WILEXLMS-UNTVERAITAT
£U BERLIN
oe0 leraariice 38 YARTERIDIGAN

am 18, Pebruar 1869

Paul Langerhans
oas Berbn
PR—

)
0. Loeillet de Mars, D& med
0. Seltmsne, D4 med.
Paul Ruge, Stud. wed.



Advanced type Il diabetes : peripheral ischaemia-necrosis N )

MEDICAL NEED : IMPROVE
INSULIN SENSITIVITY USING A
MEDICINAL CHEMISTRY
DESIGN

People living with diabetes worldwide

g 371 Lo

<+ 1/2 BILLION

WAYS TO PREVENT OR DELAY
TYPE 2 DIABETES

|-
s ‘_’ ¥

.........

'l ) L
L |1 ™
D] Copyright Medetec (http /iwww r

Metabolic syndrome — when patients become insulin resistant
MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Type Il diabetes and metabolic syndrome global pandemia _ 2025 : WHO ’

300 mithons de malades en 2025
NOMBRE DE CAS DE DIABETE DANS LE MONDE B EN 2000 W EN 208 ~ enmillions

OUESY
PACIFIQUE

MOYEN  ASIE DU OUEST
EUROPE  AFRIQUE  oRiENT  SUD-EST PACIFIQUE

P

AMERIQUE

AT

Le Monde



Metabolic syndrome pandemia and short cuts: _:-
BMI body mass index, WHR waist hip ratio, viceral fat content

n .
weight F oy |

— "wWOMTY
— 250

(height)?2 e

102 18

Blood Glucose < 4
(mmol/L)
el

c =0



Clinical Endpoint: Metabolic Syndrome N

Subcutaneous AT 10% Weight loss
~ 30 % Visceral AT loss

Vis,ceral Visceral
adipose adipose
\ tissue tissue ’
Deteriorated Lipid profile = Improved
Impflired Insulin sensitivity Impi‘oved

Subcutaneous AT

Insulinemia
Glycemia

Susceptibility
to thrombosis

Inflammation
markers

Impaired Endothelial  Improved
function

Abdominally Reduced
obese obese

Adapted from Després et al. BMJ (2001) 322:716-720




Type |l diabetes and metabolic syndrome pandemia : g
a cartoonist view of a threat or towards the end of obesity ?

ROUX-EN-Y GASTRIC BYPASS

[ | Approx. 20 cc
[ | GastricPouch

' Bypassed
™, Stomach
)\

Digestive Juices /



Type 2 diabetes develops as a consequence of the metabolic syndrome
diabetes is also known key risk factor for developing severe/fatal COVID-19 ‘:-

Diabetes itself is pandemic just like COVID-19 is pandemic :
two pandemia that did clashed - looking at the underlying molecular mechanisms
overactivity of the immune system - cytokine storm and more

Nature News July 21. 2023



Metabolic syndrome : when patients become insulin resistant ‘

POPULATION
FAMILIAL ¥ PREVALENCE SPORADIC

. / Metabolic Sydrome and Tissue-Tissue Cross Talk

MEDICAL CHALLENGE : COMPLEX TRAITS DISEASE :
GENETICS AND ENVIRONEMENT PLAY A COMBINED ROLE

MONOGENIC
ONDIOWS
‘SNOILI34NI

N PRI Metabolic Syndrome and Tissue-Tissue Cross Talk

| INKAGF C\MAC

Thyroxine 8

Sympathetic (thyroid)

tsestiasriasiad

[ Free latly aods \
Ly :

POty Sis
Insulin-cepencent \

glucose uptake -\ Adiponectin
Hcy ')n

N

(fat)

(pancreas)

/ ! \
PYY GLP-1 CCK
(intestne)

Gubener Plastinate GmbH
Guben Germany




Progression to type Il diabetes :
pathophysiology of pancreatic beta cells exhaustion =

Stage | | I IV

P S I N
.J _«','b & o0
Obese . 0L e ¢
Peripheral = :" =

insulin
resistance

Pre-diabetic/obese
Impaired
glucose

tolerance

" Py v 4
pB-cell failure and ST = e
insulin resistance

Prevention Late diabetes
e insulin sensitization hyperglycaemia
e organoprotection ?

» decrease vascular risk?

Intervention Vascular
e Normalize glucose complicationsg

* Preserve B-cell insulin?
e decrease vascular risk?

<4 Environment + “obesigenes”

<+— “+diabetogenes” >




Cell based assay: type Il diabetes and insulin resistance -

PPAR/RXR-dependent cellular signaling
MedChem project_BALANCED PPAR.-PPARy_ AGONIST

A A ® o
TZDs Rexinoids
fibrates A
PUFAs .

A

advantage of cell
based assay :
removing of toxic

cpds !




Type |l diabetes and insulin resistance :
The underlying molecular mecanism

Antidiabetic drugs
Dictary fatty acids Growth factons

PPARy
ligands

Intracetlular fatty acids

and mctabolites ee
PPARy , (prostaglanding, PGJ,)

Modibers

Decreased
inflammation

.=

COX2, IL-1, TNFa

aP2, ADRP. LPL,
adiponectin, C/EBP

B
Adipocyte differentiation
Increased lipid storage
Increased AMPK activity
Antidiabetic effects

PPAR response clement

aifoodipeald

afoodipeasd
Bunenuasayiq

sauab ouabodipy

a)foodipe
ainepy




Medical need : improve insulin sensitivity and dislipidaemia : ‘
assay development

Goal: balanced pharmacological
activation of PPAR alpha-gamma
receptors

A medicinal chemistry approach to
treatment
of type Il diabetes

HbA1c as an indicator of Diabetes Control




RXRa co-crystal structure assisted modeling

NHRs-dependent cellular-nuclear signaling

apo-RXRa holo-RXRa | 9-cisRA olo-RXRa / oleat

(Bourguet & al., 1995) (Egea & al., 2000) (Bourguet & al., 2000)

unliganded liganded liganded



Molecular Bases for Agonism vs, partial agonism vs )

antagonist: ERa co-crystals

Co-;'egulator box LXXLL



Primary biochemical HTS screen : g
cell free nuclear hormone receptor ligand affinity assay

NON competitor

Outcome : low IC 50 values in mM range !

& &
w O 3H-T090

*H-T090

4
high ligh *H-T090 . g &
L o *H-T090
cmission Ant-GST antibody w o

PA BEAD
S non-competing compound X N

COMPETITION RADIOLIGAND BINDING SCREENING BY SCINTILLATION PROXIMITY DETECTION

GOOD competitor Outcome : high IC 50 values in uM range !
O 3H-T0901300

QO 3H-T090
lower light . .
emission o © *H-T090
® -
Ant-GST antibody O 3H-T090

PerkinElmer SPA BEAD scintillation proximity assay beads — (release p—particles) competing compound Y @

For the Better



HOOC

GW501516

Primary biochemical HTS screen :
cell free nuclear hormone receptor ligand affinity assay

HOOC. O

GW0742

HOOC

MBX-8025

Bezafibrate

HOOC
HyC ©

PPARa
1.1

PPARu
11

PPAR«a
10

PPARu
>10

PPARa
50

Ecso (M)

PPAR
0.001

ECs (UM)

PPARJ
0.001

ECs (UM)

PPARp
0.002

ECs (UM)

PPARf
0.002

ECs (UM)

PPARf
20

PPARYy
0.85

PPARy

PPARYy
>10

PPARy
>10

PPARy
60



Secondary LTS screen : cell based NHRs screening assay B

Principle of Transactivation Assay
(nuclear proteins)

receptor plasmids reporter plasmid

p HR HRE reporter

MRNA

|

HR

cellular assay _ transient expression of
nuclear receptors _ reporter gene assay



Secondary screen : cell based NHRs screening assay “;.

Principle of Transactivation Assay Il (EC50 values)
(nuclear proteins !)

receptor plasmids reporter plasmid
— HR HRE reporter

MRNA

MRNA
(@)
l 2NN /\NH
AN S 3 W
0)
HR

+ ligands protein assay eg :
(have to be membrane soluble ! GFP, GH, LUC, etc



Competitive medicinal chemistry : «me too» compounds - time to market -

~ 2-4 Thiazolidinedione
(1 controversial head
SN N/\/O piece in PPARy
e "

ROSig“taZOI’]e (Prototypical PPARgamma Agonist)
GSK
GSK-Tail (Phenyloxazole) U/ Benzothiophene Spacer (Boehringer "Invention™)

O~

Edaglitazar :
Boehringer Inc

Replacement of ¢ "0 /5 Tam] U 35/66/21
thiazolidinedione
controversial head  ECg, 01/Y/0 [nM] 53 /32 /444 (22%)
Phenyloxazol o] piece in PPARy In vitro Activi
R‘ GlaxoSmithKline - ty
' patent spage

" [ Late Breaking Clinical Trials ~ ACC o1 D enzothiophene
Boehringer Manheim
patent space

Effect of Aleglitazar on Cardiovascular Outcomes After Acute

Coronary Syndrome in Patients With Type 2 Diabetes Mellitus

The AleCardio Randomized Clinical Trial



Early steps/assessment across the value chain : ,
from ,,hits” to lead compounds -

THE BIGGEST RISK IN DRUG DEVELOPMENT IS NOT TO GET A MEDICINE : “FAIL EARLY” STRATEGY

Costs: $ 1000 Mio.



A pharmacological model of insulin resistance

-/- wt

obese (ob/ob) leptin mice pharmacological model are obese,
hyperphagic, hyperglycemic and hyperinsulinemic (insulin
resistant). They are commonly used as animal pharmacological
models for developing diabetes medicines



Type |l diabetes animal pharmacological screening cascade ‘

Cynomolgus monkey
Acute (3 hr.)
Glucose / Insulin

4 day p.o 4 day p.o 1 7-10 day p.o
GIucc?se TG Glucose, Ins, TG ’ 7-21 day p.o
Insulin Lipid profile
Dose-response OGTT Clamp
Pl g o
K ' A
dbdb SD Chol ZDF fafa - Hamster
> -40% >-30% >SUs > -40% >-30%AUC  GIR
+ TG + HDL t Hypoglycemia t Efficacy t Insulin sensitivity
Rebound & duration  cf TZD/class best + LDL

Only the combination of several critical animal pharmacological models may predict the

therapeutic value of an innovative medicine in future first-in-human clinical
settings/trials

>

Knock out, Knock in, TG animal models to reduce the amount of protein/RNA in the
disease animal pharmacological model



PPARs and insulin sensitization and lipid disorder -

actos

_pioglitazone
(as hydrochloride)

pioglitazone is a PPARalpha gamma agonist in clinical use

insulin sensitization under the trade name of Actos
O
/N O S//( rosiglitazone is a PPARgamma agonist in clinical use 1
H4C & | e NH insulin sensitization under the trade name of Avand
O
0
| NH
) | O
~N

o

7("\ o cH,
e CHy

a Q-

Chfibrate




Type 2 diabetes develops as a consequence of the metabolic syndrome
diabetes is also known key risk factor for developing severe/fatal COVID-19 ;.

Diabetes itself is pandemic just like COVID-19 is pandemic :
two pandemia that did clashed - looking at the underlying molecular mechanisms
overactivity of the immune system - cytokine storm and more

Nature News July 21. 2023



Is PPARy polymorphisms associated with an
«unthrifty allele» ?

« A DAY WITHOUT UNI SPORT IS NOT A SUCCESSFUL
DAY ! «
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Type |l diabetes and metabolic syndrome pandemia : ’
best preventive medicine : exercise every day !

Tabagisme NG
Consommation dalcool & risque IING_G__—_————

Lack of
physical
acitvity

Drogues diégales TR
Risoue professsonme! -
Consommation insuffisante en fruits et légumes D
0 2 4 0 f 12

FRACTIONS DE DALY ATTRIBUABLES
AUX FACTEURS DE RISQUE LISTES EN ORDONNED

Risk factors involved in life expectation reduction in developed countries (loss of lived years)
(adapted from WHO 2009)



GLOBAL MEALTH METRICS VOLUN 196, 155 0258, Pl1223-1249, OCTOBER 17, 2020

Global burden of 87 risk factors in 204 countries and territories, 1990~
2019: a systematic analysis for the Global Burden of Disease Study 2019

GBD 2019 Risk Factors Collaborators ' « Show footnotes

e Published: October 17, 2020 « DOI: https://doi.org/10.1016/S0140-6736(20)30752-2 «

THE LANCET

Global burden of §7 risk factors In 204 countries and termitorie.
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Type |l diabetes and metabolic syndrome pandemia :

best preventive medicine : exercise every day !

BENEFITS OF PHYSICAL ACTIVITY :
THE SEDENTARITY DISEASES

+

ADULTES, TOUS AGES

MORTALITE, TOUTE CAUSE | Diminution du risque
f)rmmmnn Adu risgue de maladie cargiovasouaine of e mortalite farmwavumu]
SANTE

CARDIOMETABOLIOUE 0
IDmmuhon du risgue de diabéte de type 2 l

2 vessie. Ay sein, du colon, e fendométre, de
ol du pournon

uChion du Nsague e dMmence
on ONCLOMNS Cognitives

SANTE MENTALE [JAméhioration de 1a quaité de vie
AmMSiortion du sommed

[FEGUCEHGH OU risaue ge depression )

*

Eet SUDDIMENTAre sur 13 Derte Oe POIaS 10rsqQue 1aCtivite DRYSKIUe 65t CoOmDInee
STATUT PONDERAL | avec une restriction almentaire modérée

%o 06 DOMIS &1 Drévention O 1a reprise ge ootdsr'squ unNe Quantité suMmsante
J Mtente

PERSONNES AGEES

CHUTES ~

RECUCTION OU NSQUe 08 DiessuUre hée 3 une chute

CAPACITE PHYSIQUE | Améhoration de la capacité physique chez I personne Agée avec ot sans fragilités

FEMMES ENCEINTES OU EN POST-PARTUM

»

REduChioN du NSQUE T une orse de DOIds excesuve

DURANT LA GROSSESSE

DURANT LA PERIODE
DU POST-PARTUM Réduction du risque de dépression post-partum



Metabolic syndrome : a public health challenge

TYPE 2 DIABETES RISK FACTORS

.

. LACK OF EXERCISE

~ "

. UNHEALTHY EATING OVERWEIGHT |

(VS

FAMILY HISTORY :
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Protein : protein interactions as drug target : |
flat contact surface with lack of surface groove/pockets =

The ‘Undruggable?’: In‘jbjti |

A

Protein-Protein Interactiofs

Protein responsible
for biological effect

Effect modulated Protein /| ) :
by protein-protein 1 \ rotein
interaction * 2

Inhibitor regulates '

effect by blocking stapled peptides ?
protein-protein & macrocycles ?

macrolides ?

interaction Slelogical Biteek cvelic peptides ?




The druggable space : cyclic peptide therapeutics and macrocycles (medium sized
molecules) covers undruggable targets between SMW cpds and biologicals ‘

Introduction - pruggable Proteins & Macrocycles

Targettypes A

;y -

Protein-
Protein
IMeractions

Extended binding

Proteases

"

IV,
o e
(1) )/ Counterselecion
L] (optional)
‘ SELEX-cycle 2

(i) igb

Compact binding

Small simple structure Large complex structure
100-500 MW 10,000 to 500,000 MW



Session 5

THANK YOU.......

\!! my hr through,

the new sights of
Nature made /'A)
rejoice like a ck Iff/

Mavie



