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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

AOLA AACI0S - Early front loading of biomarker identification for cohort stratification

Session 5: Structure based drug design _medicinal chemistry_low/high throughtput

26.10.23 screening assays_ multiple parallel parameters optimization MDO
AAC108 Setting up screening gssg he robotics the million cpds librairies

ession 6: Therapeutic modalities peptides and biologicals: today’s -

02.11.23 tomorrow’s pharmacy NBEs
AACL08 Challengies (cost of goods - healthcare payers) and opportunities



WORKSHOP LISTING - THE MAXING OF AN INNOVATIVE MEDICINE BIO65S

| NON EXHAUSTIVE LISTING - SUGGESTIONS WELCOME |

sessions no workshops speaker/s

S02 (28-09-23) | AAC108 | !
historical medicines 1 vaccine discovery : £ Jenner and smallpox Danka M
with Nobel laureates while 2 | penicilinc impact, whose inverttion ?
hopping on gant shoulders 3 |prozac at the core of psychiatry |

4 |lipitor/statins at last a blockbuster

5 |anemisinin and malaria Umair

6 | cyclosporin from soll sample to blockbuster Umair
503 (5-10-23) | AACO14 | |
translational research 7 |expanding the scope of targeted theraples
an emerging Seld 8 |chronotherapy Pitt
S04 (12-10-23) | AACO14 | |
therapeutic target identication | 9 _ rare diseases repurpasey medines Adrien
SO04b (19-10-23) | AAC108 | 10 | nocosomial inf/MRSA/phage antibacterials Georges
therapeutic target identification | 11 | Crispr/Cas gene editing huntington disease Pitt

12 (Al in drug discovery Simon
$05 (26-10-23) | AAC108 | |
structure based drug design 13 | macrocyches and non druggable targets Masota

14 | chemogroteomics - NMEs Nico G

my therapeutic target Roger

[s06 (02-11-23) 1 AAC108 |
therapeutic modalities - NBEs | 15 Biologicals/Bictech produc tion/increting Tim

16 |armed monocional AS medicines Nico G

16 | RNA therapeutics, antisense medicines

507 (9-11-23) | AAC108 | |
PHC personalized healthcare 17 | BRCA1 preventive surgery/tumor board Nikita
Human genomics 18 | SOPHA Genetics - GWAS

19 | disease enabling blomarkers/micro RNAs Isika
S08 (16-11-23) | AACO14 | |

pharmacogenetic polymorphism | 20 | NextGenSegquencing - precision medicine Hien

21 | deCODE Inc pharmgenomic/iceland genealogy

509 (23-11-23) 1 AAC108 | |
in vivo pharmacology 22 |organolds come of age Nathale B
23 | thalidomide repurpasing Ekaterea
1 AAC108 | |
clinical research 24 |Al medicien 2.0
25 | most common genetic defect : cystie fibrosis
26 |sex bias in preclicrial and chinical research Weiln
27 | placebo/nocibo effects (Tim
$11(07-12-23) | AAC108 | |
intellectual property/integrity | 28 | SMA gene theragy - pay for performance Abtin
29 | blopatents - 23 and Me - my genome khosayat
512 starts @ 2PM Hacking medicine Lall + invitees

513 start @ 2 PM mediine [all + invitees

Workshops _ The Making Of

An Innovative Medicine
(today’s class)

Health
HaCkathon

&21.12.2073 /




Session 6 : biologicals — biotherapeutics — NBEs :

older and emerging therapeutic modalities
&8 ;V_‘ e
GELY S, -Dsi.r‘f?:’ .-¢§%“'*"""*"""l""}"?é;}_
Peptides % & Etivinasd ASOs |
gcxy iy *5‘ i AR 5 (antisense oligonucletides)
. e S RNAS
LIT— (miRs, siRNAs etc)

* Therapeutic peptides, eg. insulin, incretins, hormones

* Monoclonal antibodies mono, bi, tri-specific, armed

* Novel therapeutic modalities, DNA, RNA, Macrolides, non
biologicals complex drug (NBCDs)

e Costs of goods NME’s vs NBEs — healthcare payers



Large complex macromolecules for non small MW druggable targets

@0

Small simple structure

Extended binding

Compact binding

Adnecting

Avimers

Aptamers

Biological drugs
+ antibodies

Novel
antibodes

100-500 MW




Disease biology _Molecular Biology Drug discovery -

DISEASE BIOLOGY STARTS WITH THE
UNDERSTANDING OF THE UNDERLYING MOLECULAR

MECHANISMS AT THE CAUSE OF THE DISEASE

DISEASE BIOLOGY IS COMPLEX: SEVERAL %
THOUSANDS OF ELEMENTS ARRANGE
IN A VERY INTRICATE MANNER

HAS BEEN IDENTIFIED, MOLECULAR BIOLOGISTS
START TO DESIGN A BIOLOGICAL WITH THE RIGHT
CHARACTERISTICS TO BECOME A MEDICINE

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



Adressing a novel therapeutic target : ,
small chemical cpds versus large biological moieties : what‘s best ? -

biological

N1R QR



BIOLOGICALS - NBEs VERSUS CHEMICALS - NMEs &

When a small M: moiety (CHEMICALS) approach is not an
option) eg large flat protein: protein interaction surfaces, then
another therapeutic modality (BIOLOGICALS) eg. peptides,
monoclonal antibodies or RNA, DNA is considered

When eg. a druggable therapeutic target is known for its
absence of a solvent accessible surface of an hydrophobic
“pocket” peptide groove (enzyme, ion channel, receptor etc)
invagination lined up with hydrophobic amino acid side chains

then candidates for other therapeutic modalities, such as
biologicals, RNA and DNA-moeities shall be considered

Only 3000 out of >25000 proteins encoded in the
human genome possess a hydrophobic “pocket”!

AT

R
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Biotherapeutics in drug research and clinical application

WHAT ARE BIOTHERAPEUTICS ? Peptides, antibodies, DNA, etc

PRODUCTS DERIVED FROM CHARACTERIZED CELLS THROUGH THE
USE OF VARIOUS EXPRESSION SYSTEMS

INCLUDING BACTERIA, YEAST, INSECT, PLANT, MAMMALIAN CELLS
ETC

THERAPEUTIC MONOCLONAL ANTIBODIES ARE THE LARGEST
SUBGROUP OF BIOTHERAPEUTICS IN CLINICAL USE

2800 LISTED CLINICAL TRIALS CURRENTLY REFER TO MONOCLONAL
ANTIBODIES



Peptides vs small M: compounds B

Table I. Comparison Between Peptides and Small Molecules

/ '+ - Small molecules Peptides <

* ~80% drug market |* ~2% drug market

& * Low cost ® High cost
"ZJ\/ ~Reh * Permeable e Low permeability
P ) eStable * Limited stability
L j“ii/ == Good oral * Poor oral bioavailability
r— ¥ y/;; bioavailability ® More challenging synthesis
_‘___;_7/7,_&7, ¢ Easier synthesis e Short half-life
e I/ 7 | * 95% current » Limited to extracellular targets
, (°52 ) medicines High binding affinity
[ | Easier to identify
. 8 Excellent target specificity
2 380 Broad disease targets
N 7 Mechanism of action well unders
' Low toxicity and immunogenicity
... Peptides are increasingly being developed as innovative medicine ! .

g

¥ Pharmacological intervention on protein:protein interactions ! -

Bl BIl Bl BI BII B BI BII BII



MDO (multiparameter drug optimization) for small MW cpds -
MDO simplified (drug likeliness or Pfizer’s “rule of five”)

« Solubility
 Lipophilicity (clogP) octanol water partition <5) (partition coefficient)
 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

Tome ‘/(m
>\

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

TN lechure Madern Mehods in Deug Dacovery WS008




Challenging MDO (multiparameter drug optimization) for peptides

* Several blockbuster peptide drugs are currently on the market

e Although peptides only represent 2% of the drug market, the market is
growing twice as quickly and might soon occupy a larger niche

* Natural peptides typically have poor absorption, distribution,
metabolism, and excretion (ADME) properties with rapid clearance,
short half-life, low permeability, and sometimes low solubility.

* Strategies have been developed to improve peptide drugability
through enhancing permeability, reducing proteolysis and renal
clearance, and prolonging half-life. In vivo, in vitro, and in silico tools
are available to evaluate ADME properties of peptides, and structural
modification strategies are in place to improve peptide developability.

« KEY WORDS: ADME; peptides; pharmacokinetics; proteolysis; renal
clearance.

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

TN ectare Madern Mehods in Deug Dacovery WS0A00



Challenging MDO (multiparameter drug optimization) for peptides ‘

Activity andior | | Computer-based Result
toxicity analysis visualization | g
measurements
for all peptides of|

| ., Design rules for
the "b better peptides
.: : ::.

20000 00
TR | oS | [\ o actviy

Seesesessess and/or toxicity

Predicting In silico synthesis
#— activity and/or [¢—{ ofpromising fe—
toxicity peptdes

Candidate
selection

Figure 5. Optimization strategy for peptide libraries
(modified from [134])



First biological (peptide) ever described : N
Toronto F.Banting and C.Best cracking a 1000 y old mystery !

s e s @ Human Insulin

@@ %~

B-cell function

| compensation glucolipotoxicity

normal glucose »  Impaired glucose
tolerance tolerance

Chain B

b type 2 diabetes 30 amino acids

Chain A
21 amino acids

:

o
N
»

Pancreatic duct
Interlobular duct
Intralobular intercalated duct Blood vessels

Centroacinar cell

=4

Acinar coll



Historical perspective : Langerhans islets — Bcells - insulin B

1869 P. Langerhans describes islets from

INSULIN - FIRST BIOLOGICAL pancreas

1889 Von Mehring : total pancreatectomy
in dogs is followed by severe diabetes

* A century old peptide
medicine that revolutionized
therapies of type | diabetic
patients and later challenged
biotechnology

* A far reaching clinical
revolution without
precedent

(average life expectancy of a 10y old type
| diabetic patient was 1y, today is >60 y !)

1..
ant

ing- £C ges’c Beag é}?@w



Discovery of the first biological (peptide) in Toronto: _»
July 1921 - Banting and Best cracking 1000 y old mystery !

gantingTand Best's laboratory

« Inventas vitam
iuvat excoluisse
per artes »




Metabolic syndrome : when patients become insulin resistant ’

POPULATION
FAMILIAL ¥ PREVALENCE SPORADIC

-y Metabolic Sydrome and Tissue-Tissue Cross Talk

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

w2
A
23
2

o3

MONOGENIC

OLIGOGENIC POLYGENIC

Metabolic Syndrome and Tissue-Tissue Cross Talk

| INKAGF C\MAC

I 15
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(thyroid)
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(fat)
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/ | \
PYY GLP-1 CCK
(intestine)

Gubener Plastinate GmbH
Guben Germany



Advanced type Il diabetes : peripheral ischaemia-necrosis 9

MEDICAL NEED :
IMPROVE INSULIN
SENSITIVITY ASAP |

7y

People living with diabetes worldwide

S 371 MILLION

<+ 1/2 BILLION |
WAYS TO PREVENT OR DELAY ' {
TYPE 2 DIABETES
"’ Eat healthy - 3
: I R
SO H )\ T \ \‘

= 4 25+ \

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Insulin glargine differs by replacing Asp and Gly positon 21 and Cterm ext of chain B -
Medical need ; shifting isoelectric point pH5.4 to 6.7 makes more soluble at pH7 and
pharmacodynamic peakless level for 24 hours

c.
chain A
chain C
ot ,____h__c.-/<;=%1
chain B
N

Modifications of the Insulin Sequence in Insulin Glargine. 3



Insulin seringes, automatic pumps connected to acucheck
today’s reality in clinical practice with both type | and Il diabetics

Global Insulin pump Accessories Market 2017 ...



GLP-1
GLP-2
GIP
PACAP
NPY
PYY

Peptide drugs — incretins in diabetes — vs DPP4 inhibitors -

'(hsmc DPIV mhibitor

cmptying
/ GLP-1
GLP-2

DPIV FCAP

\.\.

G ER
Pancreas Glycemic control Liver Iipid*

>
‘ Insulin

* Glucagon




Peptide drugs — when pharmaceutical sciences grab into the wild -

Gila monster: a species of
venomous hizard: Mexico

Eats only 4 times a year

When fasting, it shuts down

the pancreas, stopping insuli
when its time to eat, it
restarts pancreas with
exendin-4 in 1ts saliva -

a (“‘ | P. 1 R a P onist he similarity between a hormone in the Gila monster's saliva and the human hormone GLP-1makes the
y izard’s venom suitable as the basis for diabetes medication © Milan Zygmunt/ Shutterstock
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Peptide drugs — GLP1r and incretins )

Stimulate
insulin

Incretins:
GLP-1, GIP

average glycemic level over 4-6 w !

DPP-4
enzyme
inactivates
incretins

[ DPP-4 inhibitors (drugs)

T G
N7 Y

Below 5.7% Normal More 65% Diabetes

HEMOGLOBIN Alc

HBalc test chart normal ranges
*  GLP1 receptor agonists (incretins) from gut L cells have entered the clinics in the last decade

« for management of diabetes type Il and obesity - drawback: short half life, recurrent injections



GLP1 peptides in drug research and development

M
™ HAEGTFTSDVSSYLEGNAAKEFIAWLVRGRG
. A
S1S) !
'E’ DS 1 YG C M, .CO-Ghu Oy
G TJF) ' 8
Mo R
ARRE Py, '
¥ ) HAEGTFTSOVSSYLEGNAAKEFIAWLVRGRG
- - . |

Guryanov | et al. J. 2016 Pept. Sci. 22:471-479

Figure 1. (A) The amino add sequence of liraglutide. The changes with
respect to glucagon-ike peptide-1 (7-37) are shown in green; (B) A _S o —
: y axenaa’ o)

Iniektionsldsung in einem Fertigpen

scheme of preparation of liraglutide by chemical modification of a
recombinant peptide precursor (OSu, 1-oxysuccinimidoyl)
Liraglutid

subkutane Anwendung

Example LIRAGLUTIDE GLP1 (7-37) receptor agonist linked to 16C ¥ .
fatty acid residues (lipopeptide binds to albumin (not covalently) to stabilize the peptide)

Example DULAGLUTIDE GLP1 receptor agonist linked to Fc fragment of antibody human IgG4

Both medication for Type Il diabetes, with improved administration (stabilized GLP1 peptide
(compliance !') Liraglutide which mimics the action of glucagon-like peptide is also clinically
approved as an obesity treatment.



Peptide drugs — GLP1 and incretins . )

Liragiutide GLP1 Exendn-4 oeptide
DPPIV 8 n |l/ h '..2 mimn ‘ q 2b mn ADME .
Cleavage Site 11-.15hSC Proteclysis Renal properties
(;,“' : v"“ t.||f ‘:-l TIFITES T,'v :\ (u Y 7',. l-l I-'::‘\ S [ f F A .\". l Y X :.\:F
Exenatide [HIGYEG)ITIFITISIDY L(ShM IQMIE(E1E A FO N EW LK INGIGPISISIGIAIPIPP)S
L agut """‘ AILIGIT IS SIOIVISISIYILIEIGIQIAIAIXIE S AWILIVIRG
(-

Fig. 2. Strategies to enhance peptide stabilay: GLP-1 peptide has o half-life of 1-2 man

* GLP1 receptor agonists (incretins) from gut L cells have entered the clinics
in the treatment of diabetes type I, drawback: short half life

* Exendin-4 (synthetic Exenatide) has improved PK PD properties (lower
clearance) allowing once a week dosing as compared to GLP1 (rapidely
cleaved by peptidase DDPIV)

 Major challenges with the development of peptide drugs are stability and
cost of goods (now about 2% of drug market)



Cyclic Peptides in drug research_pioneering therapeutic modalities -:.

*  Only 2% of the marketed medicines

200 peptide drugs are currently in clinical development

e Advantage: high selectivity, low amount need for optimal exposure, agonists
 Disadvantage, formulation issue, (oral no option) stability, cost of goods

Cyclosporin A
Immunesupressor,block calcineurin 0
transplantation medicine, antifungal l H
natural product e, 0O N N N
Py R -~

Cyclosporin, pioneering peptide drug, originally fungistatic (!) with oral administration (stable cyclic
peptide (exceptional) turned out immunosupressor (Sandimun) derived from a natural fungi

compound library screen by JF Borel et al in Sandoz Basel. Guryanov | et al. J. 2016 Pept. Sci. 22:471-479



Cyclic Peptides in drug research_pioneering therapeutic modalitie ‘

Calcineurin is a phosphatase in the signal cascade towards
NFAT T cell transcriptional regulation

From: Studies of T-cell activation im chreai inflammation

Cyclosporin A car Co
Immunesupressor,block calcineurin TCR/CD3 Ca?* Ca®
transplantation medicine, antifungal complex
nat.ural product | ‘?/%%%%? odpl 'o"ﬁ ﬁé?&%%of
Trichoderma polysporum ol g ‘@ —
CRACT
QI3oT! W v
) ' 'c_\tosol IP3
+ capacitative calcium entry
iCa® store
depletion

| S ﬁc;hl,
®,

L (,'S -‘\
FK506

R

IL-2, IL-4, IFNy
TNF, FasL, CD40L

gene transcription

* Cyclosporin, pioneering peptide drug, originally fungistatic (!) with oral administration (stable cyclic
peptide (exceptional) turned out immunosupressor (Sandimun) derived from a natural fungi
compound library screen by JF Borel et al in Sandoz Basel in 1970’s Guryanov I et al. J. 2016 Pept. Sci. 22:471-479



Immunosupression in clicnics-opportuinties for coroninl inhibitors -

Immunity

Disruption of Coronin 1 Signaling in T Cells Promotes
Allograft Tolerance while Maintaining Anti-Pathogen

Immunity

Graphical Abstract

Normal situation

Pharmacciogcal
POES mhitston (Molpeam)
CA Y
k LY

§ IMMUNOSOoressVe
marsers

Coronin 1/- Deficiency

MGh AP CANP Machaned SLpOeson
Ioterooensc reagonien. Ac-ofectoun teaconaes.

@ CANFP @ POE4

Y vraes @ Bactens
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Simona W. Rossi, Jean Pieters
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rajesh.jayachandran@unibas.ch (R.J.),
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In Brief

Avoiding infection as a consequence of
immunosuppression following organ
transplantation has been elusive. Here,
Jayachandran et al. demonstrate that
targeting the immunoregulatory protein
coronin 1 in mice results in allograft-
specific tolerance in the absence of
immunosuppression-associated co-
morbidities. Coronin 1-deficiency
increased cAMP concentrations to

suppress allo-specific T cell responses



Biologicals - large scale production challengies

Pilot (1 liter fermenter)and large scale
(1000 | scale) fermenters

Biotechnology production means tailor
made downstream processing !

Biological generics (biosimilars) entered
the market relentlessly, why ?

GMP large scale biological production

kg amounts = several 10° $$ costs !

' 7

e n
‘l ’
- »
.\

8.

I

Cell lines (eg CHO) are reprogrammed
with expression DNA vectors to
ectopically express bona fide biologicals

Custom designed posttranslational
modifications (eg.glycoengineering) as well as
humanized AA codons to improve T-cell
recognition and reduce idiosyncratic reactions
with patients (see Glycart Inc.- James Bailey)



Goal: mimic glycosylation of MABs to enhance efficacy and increase plasma exp -

22 © 1999 Nature America Inc. « httpdblotech nature.com

Engineered glycoforms of an antineuro-
blastoma IgG1 with optimized antibody-
dependent cellular cytotoxic activity

Pablo Umafa, Joél Jean-Mairet, Radmila Moudry', Hanspeter Amstutz’, and James E. Bailey*

Inatieute of Biotechnelogy, ETH Zirich, CH-8093, Zarich, Switzerland. 'ZLB Central Laboratory, |
CH-3000 Bern 22, Switzerland. * Corresponding author (e-mail: hadley@bi

Received 26 June 1998; accepted 1| December 1998 i Cetuximab

—4— GA201 WT
—i— GA201

100 l ~i— Vehicle

The glycosylation pattern of chCE7, an antineuroblastoma chimeric g
hamster ovary cells with tetracycline-regulated expression of 3({1,4)-N-ac
(GnTIN), a glycosyltransferase catalyzing formation of bisected oligosacch
ed in antibody-dependent celiular cytotoxicity (ADCC). Measurement of t
duced at different tetracycline levels showed an optimal range of GnTHl 2
vitro ADCC activity, and this activity correlated with the level of consta
complex oligosaccharides determined by matrix-assisted laser desorptior
spectrometry. The new optimized variants of chCE7 exhibit substantial AD 0
useful for treatment of neuroblastoma. The strategy presented here shoul . :

0 25 50 7'5 100 155
ADCC activity of other therapeutic IgGs. Study day

50- —

Percent survival

Keywords: glycosylation, effector function, antitumor amtibody, 1
Glycosylation pattern may influence the biology  Figure2. superiorefficacy of GA201 versus cetuximab and the wild type,

nonglycoengineered version of GA201 in the A549 lung adenocarcinoma

and therapeutic index of mABs xenograft model in SCID/beige mice. All animals (1 = 10 per




Biologicals - large scale production )

GMP PRODUCTION : A MULTISTEP PROCESS THAT REQUIRES STRICT CONTROLS

BIOTECHNOLOGY: KING IN THE KINGDOM OF UNCERTAINTY ?

N

Cloning genes into
DNA Vector(s)

Transfer into Host Cell
for Expression

Vector

Large-Scale Fermentation

COST OF GOODS: who is going
 Ahiaiain - to support the financial burden

of biologicals ?
Formulation




Biologicals - large scale production in Basel — Avastin production ‘

GMP PRODUCTION OF AVASTIN (hVEGF MAB)

oncology
ophtalmology AMD

(controversy Lucentis)

/)k{evacizumab

O VEGF-A

2K

&

"
. P
= Blood VEGFR-1 VEGFR-2
I 8 N | D

méuu}utg‘uulugw UEARPREARNEENE & PERHERRRNYY
cell ' e
Cancer patient life extension : average 4.7 months (phase 3 trials) T
20’000.-US $ /y/patient I e

5 mg/kg bi_ mo nt h Iy |V d OSG, 1 20 m g/y Proliferation Survival  Vasodlation Migration



Biologicals - large scale production in Basel — Avastin production -

GMP PRODUCTION OF AVASTIN (hVEGF MAB)

Controversy Lucentis vs Avastin off label

Traitement de la DMLA :
I'Autorité sanctionne 3
laboratoires pour des oncology

pratiques abusives ophtalmology AMD

(controversy Lucentis)

Pt o 09 septemine 2000 8 LOrTer W Oeoe ¥ b ﬂ‘ . - - -
L X )bevacizum& | @Y |
O VEGF-A

L'Autorité sanctionne les 3 laboratoires Novartis, Roche et Genentech &

hauteur de 444 millions d'euros pour des pratiques abusives visant a / \

préserver les ventes du médicament Lucentis pour le traitement de la

DMLA au détriment d'Avastin (spécialité concurrente 3o fois moins Blood VEGFR-1 VEGFR-2

chére). ﬂﬂ Nﬁ ﬁﬁ
) W) V!

Endothelial
L'essentiel cell . o
La dégéndrescence maculaire Ude & [age (IDMLA). est s princpale cause de D ~Atr t‘
malvoyance cher les sujets de plus de 50 ans dans les pays industrialisés Elle entraine owns (-Ea_lrpﬁa ways

une allération sévive de La vision centrale. qui Se présente notamment sous la forme
de Laches sombres percues par le patient au milleu de a vision

Le laboratoire Genentech a développé un méicament. ke Lucentis, traitant 1 DMLA Il A » 4 A
Proliferation Survival  Vasodlation Migration



Monoclonal antibodies _ mABs B

mABs _ monoclonal antibodies are a product from a fused B cell with a tumor cell (hybridoma)

VH domain
/I

antigen

Antigen-binding site

y VL domain
‘Carbohydrate chain (Glycan)

Immunglobulins are glycoproteins




Immunoglobin as biotherapeutics in various clinical setting -

/mmungobu//'n G (/QG) BIOLOGICALS are increasingly being
developed as INNOVATIVE MEDICINE

Immunglobulins consist of two heavy chains (u, v, o, §, or g, respectively),
and two hght chams (x or 1)

S. Kronenberg 2017



Monoclonal antibodies _ mABs in new medicine development

Main therapeutic areas for mAbs & impact

Cancer (- 50%) (also CVD, AZ etc)

Aunto-mumune diseases (- 15%)
> 2800 ¢lmxcal mals currently sted*

New blologics formats (antibody-based)
Fe-engmecered
Antbody-drug conjugate
Bispecifics /trispecific
Tnfunctionals (e.2. ADCC enhanced)

Myeloma ( |\ Teell

cell
Teelkisthe |  \
myeloma cell \ T-cell
\ activation

; @ Cytokine : 9

T-cell

e ° 9
—_—— —t Toxicity due to
w cytokine release
CcD28

Figure 1| An antibody that helps immune cells to target cancer cells. Wu et al.! report the

Antibody Based Technologies in Drug Development

Wau et al (2020) Nature cancer 1:86-98
Tri-specific MABs enhance therapeutic

efficacy through T cell receptor co-
stimulation (blocking Bcl-x)

N marketed
pproved
Phase I

« Phase Il

N Phase |

® Prechinical

2011

108

M TOYTRY, .

Mo ovte |

A



MABs biotherapeutics and safety

Small molecules *:.”
chemical synthesis

single molecule species

well defined structure, stable, half life hours
MW < 500-1000 Da

standard medels for safety testing
(2 species: rodent and non-rodent)

non-immunogenic

Typically given oral

distribution extra- and intracellular
metabolised

efficacy and toxicity from parent and
metabolite(s)

Antibodies

biotechnology derived molecules

Therapeutic mAb = mixture of molecule vanants
complex structure, heat sensitive, long half life
150000 Da for 1gGs

high target selectivity & species specificity
(for safety testing often only monkey cross-reacts)

may be immunogenic
Parenteral administration (i.v., s.c.)
distribution extracellular in blood (low V., )

catabolised (proteolytic degradation)

effects secondary to MoA and exaggerated
pharmacology

Aspirin half life 1h ; mAB several weeks !



Abatacept (ORENCIA®)

jsage thera

Abcidmab (REOPRO®)

>

Adalimumab

Anbercept (ZALTRAP®, EYLEA®)

Alemtuzumab (LEMTRADA®)

Alirocumab (PRALUENT®)

Anakinra (KINERET®)

Atezokzumab (TECENTRIQ®)

Avelumab (BAVENCIO®)

Basilbomab (SIMULECT®)

Belatacept (NULOJIX®)

Belimumab (BENLYSTA®)

»

Bevacizumab

Beztoloxumab (ZINPLAVA®)

Brentuximab vedotin (ADCETRIS®)

Brodalumab (KYNTHEUM®)

Burosumab (CRYSVITA®)

Canalkonumab (ILARIS®)

Catumaxomab (REMOVAB®)

Certolizumab pegol (CIMZIA®)

Cetuximab (ERBITUX®)

Daclizumab (ZINBRYTA®)

Denosumab (PROLIA®, XGEVA®)

Dinutuximab beta (QARZIBA®)

Dupilumab (DUPIXENT®)

Eculizumab (SOLIRIS®)

Elotuzumab (Empliciti®)

Erenumab (AIMOVIG®)

>

Etanercept

karucizumab (PRAXBIND®)

Infliximab

inotuzumab 0zogamicin
(BESPONSA®)

lpmumab (YERVOY®)

Ixekizumab (TALTZ®)

Mepolizumab (NUCALAS®)

Natalizumab (TYSABRI®)

Nivolumab (OPDIVO®

Obinutuzumab (GAZYVARO®)

Ofatumumab (ARZERRA®)

Olaratumab (LARTRUVO®)

Omalizumab (XOLAIR®)

Palivizumab (SYNAGIS®)

Panitumumab (VECTIBIX®)

Pembrolizumab (KEYTRUDA®)

Pertuzumab (PERJETA®)

Ramucirumab (CYRAMZA®)

Ranibizumab (LUCENTIS®)

Reslizumab (CINQAERO®)

Rituximab

Sarllumab (KEVZARA®)

Secukinumab (COSENTYX®)

Siltuximab (SYLVANT®)

Tidrakizumab (ILUMETRI®)

Tocilizumab (ROACTEMRA®)

Trastuzumab

Trastuzumab emtansine
(KADCYLA®)

Trastuzumab (HERCEPTIN®)

Ustekinumab (STELARA®)

Vedolizumab (ENTYVIOS)

mABs in clinical practice
oncology, neurology,
inflammation (01. 2019)

Onkologie-Marktfiihrer

Umsatze 2017 mit Krebsmedikamenten Veranderung
in Milliarden US-Dollar 2u 2016, in %
Roche ez a7
Bristol-Myers + Celgene Inad oS 19,2 +18,6
Novartis T 123 -4
Johnson & Johnson P +25,0
Pfizer T s +32,7
Merck & Co s +107,5
Astra-Zeneca o +19,1
Eli Lilly [ss -33
Abbvie T34 +28,2

Grafik: ake /Quelle: «Handelsblatt-



Anti TNF : rhumatoid arthris-Crohn bowel disease-ulcerative collitis ‘

* Adalimumab : entirely humanized monoclonal
antibody to TNFalpha cytokine

* Double response rate of methothrexate

e Resistance : non responders to adalimumab !

e Patient costs : 5,000 US S a month

Profiod Pens
HUMIRA' PEN
(adalimumab)

40 mg /0.8 The Swiss Army Knife of Pharmaceuticals Figure 1
"* The value of Humira as a “pipeline in a drug” Responders
mmuw Sales USD Miltions Eus mmm po Non-
P s = Good Moderate responders
‘ $30.300 ‘ | | e
L d r
B AN
=il L .
- = | | | I I ’5 }\\\\\ ' .
. o @ X H
— W | [ . . l . 2 \‘\\\ . 3
2003 004 005 008 007 2008 000 L L] mm w12 w1 ) s c 1 \\\
\
2 2 2
BEST SELLERS res6-2015
Most commercially successful drugs of all time * Evolution of disease activity score (DAS) (three variables) in 25 individ-
ual rheumatoid arthritis patients before (T0) and 12 weeks after (T12)
$150,000 initiation of adalimumab therapy. Patients are categorized into (good or
$148.004 moderate) responders or non-responders according to European
League Against Rheumatism criteria.
$100,000 e
o .
mm 200
s
w00 smors — s -
$50,000 —— 2w
[* - . am L L . aTTua T - o van Ll Rl U1 . -y E R
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Rituximab

More pioneer champions in Mabs biologicals

VASTIN '
bevacizumab)
Fo: lnuavenous Use
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—
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> S r—

Lokl L N PR e,

e — :

BEST SELLERS 1996-2015

Most commercially successful drugs of all time *

Avastin : entirely
humanized anti
VEGF monoclonal
Rituxan : anti CD20
non Hodgkin’s
lymphoma
Herceptin : anti
Her2 monoclonal
and more...
resistance : non
responders !
Patient costs : 5,000
US S a month
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Immune checkpoint blockade : time line B

Asood & ol frentiers in Phermecoiogy. 2017

- 1992: Discovery of PD-1

- 1999: Discovery of B7-H1 (PDL-1)



Beyond PD-1: next frontier immunotherapy T-cell exhaustion (eg resistant melanoma)-

* Activation of T cell upon foreign antigen 4 “Go”

encounter

* Regulation and blocking of self-antigen
recognizing T cells (that avoided self-tolerance

check) - “No Go”

W~ Tl

> -, q_?«:—-“—'
:% ')1? ““ _ Cancercell

“J

e
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-
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MOLE : :
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PD-1/PDL-1 checkpoint blockade : a potent cancer treatment il

* PD-1/PDL-1 Blockade could result in:

* Cancer cell recognition & clearance ‘
* Prolonged Immuno-activation
* Induction of memory T cells
* Neutralization of cancer-sustaining
CANCER
actors (M2 macrophages, stroma cells...) CELLS




Keytruda among the pioneers PD-1/PDL-1 checkpoint blockade -

Case study: keytruda / Pembrolizumab: 1* PD-1 Inhibitor approved for metastatic melanoma

* S-year survival rate for metastatic melanoma = 16%
* Increase of 2% annually of cases in children between 0 and 19 years old
* Cost: $11,000 monthly / patient ---- 100000 patients in 2018 US

!

* First human PD-1 blocking antibody approved in the USA
* Objective response rate (ORR): 19.4% (~500 patients)

B

-1

/ J,-‘ ;

|
’

$11,000-per-month

* Most common side effects: fatigue and decreased appetite

* Medical conclusion (2015): Safe, effective for unresectable or metastatic melanoma

8 9 10
i i k
. o L . L “
Of note SMW cpds are in 2022 in clinical trials as Ve Tl { <L oA
inhibitors targeting PD1/PDL1 ! (cost of good !) B SN 020 U G WS § ¥ WU
! Y X

1 12 - 3
fig. 3 Nonpeptide-based small molecule inhibitors targeting PD-1/PD-L1



mABs: murine, chimeric, humanized, human : towards safety il

Classification of mAbs by level of humanisation Types of Therapeutic
Al B i Dl mADs in Pipeline (%)
| N7 N N -
e . b
Vo ki
_ eaEE o ~ewac e T :‘ll.l‘ ; v
mAbs Nomenclature
Types of mAbs Description
Murne Entirety murne ameno aoas
Chamenc HUTON CONSLNT + Murne viratie rguons ..::.
Huamaread Hurmon escept munne complementry etesminng :::W
regons (CORS)
Huaman Entrety husman o 2005

Source Nedson o @ Natvre Ry 010



mABs in clinical practice and nomenclature B )

Type d'Ac

Soulen et 100 serort Uiiades o0 Pirapoutigue

« Lon anslicorps mering (suffiae -omabl) sort Gon ardoorps produts ches la sourts. Lo prnopadl seleut de cos ardoorps ol s Sroduction @ amioorps humairn et sourss (MAMA) Beaguis sont
Whadn comyre apert Prageuique cher Mom me Auourdhu e Uilaston el midbe

- Lo aslcorps chimirigues (Sufine -aimab) sor! humans § 607 Lot oartes consinsien 0ot Chakes 1ourded of Mobres (CH of CL) artcorps humam sont grefides sur ks Darbes varabies
Aeigecives [V & VL) dun aviooms murn

< Lo anbeorps humarinds (3ufMine turmab) sord humars & 507 Do partes TOUR) un aicorps S sOr! refees S o Frurogiobuire Suvare L ardcorps
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mABs in drug research B

Bcell Isotyp % serum Immunglobulin

IgD 0.2 e




IgG1 is the most common in serum )

v
e

o )
| 5 ! I"
y 9,
[ 5
e
’ : S
- \e s

) s
. _/Y ‘ ] &
3 v,

| 1gG, | 1gG, | 1gG; | IlgG,

(=

Serum concentration (%)  60-65 20-25 5-10 <4
Serum half life (days) 21 20 7 21

Placental passage b t b +4
Complement binding +++ s +4+4++ 5

FcyR binding RLRILRII R RILRIL RN

ADCC +++ + +++ +

antibody dependent cell cytotoxicity

All 4 1gG subclasses are monomeric, but are different for their effector function

which can be utilized for therapeutic mAbs



“armed” biologicals — “smart” biopharmaceuticals B

Monoclonal mAbs

> Majority of biotherapeutics in drug development
5 Murine, humanized or fully human mAbs

Fab-region

QN \ /*\ 1 \\ . Variable domain: antigen binding
b % K/f — > Interaction with the target
— membrane bound or soluble target
: ~ high specificity
3 - Antagonistic or agonistic drug effect

regror = Associated with pharmacologkal’ toxxological actmty
(exaggerated phammacology)

* Fc-region
. Constant domain: effector function, homeostasis

< Rekevant for phannacological actnaty, half ife, and
adverse effects



“armed” biologicals — ADCs -combining precision medicine with chemo- ‘:.
radio-therapy

T rasturumab

T-DM1 (trastuzumab emtansine)
recently entered clinics for resistant
HER2 positive breast cancer

Custom made antibody
therapeutics armed'with
chemotherapy (eg alpha amanitin)

“smart biologicals” : tomorrow

DM1 . . Q.
magic bullet in medicine ?

Cell type and therapeutic target -

specific chemotherapy Bispecific antibodies: magic
bullet in medicine or

Antibody drug conjugates (ADC)- immunosafety nightmare ?

chemotherapy tubulin inhibitor

Emerging class of cancer therapeutics: mechanisms by which ADC areinternalized and
activated remain unclear « beaking up is hard to do »



Common metastatic sites in breast cancer -

" Brain (12.6%) i) § )
* HER2+ (30%) K-mlut!-4'm
* Basol like (25%)
* Luminal A (<10%) " Mammary internal chain |
5 * Luminal B (10-15%) y kw nodes (10-40%)
" Axillary lymph nodes " Lungs (36.9%) i
(30-50%) e HER2+ (45%)
* Luminal A-like * Basal-like (35%)
* Luminal B-like * Luminal B (30%)
* HER2+ * Luminal A (25%)
L = - )
Primary breast cancer -—(Wmm)
r )
s R Liver (40.5%)
Bone (67%) « TNBC and HER2+ more
* Luminal B (79%) frequent than luminal
* HER2+ (60%) « Basal-like (35%)
| * Besal-lke HON) y * Luminal A (25%)
¢ Luminal B (30%)
~ ~ - /
Peritoneal metastasis (10%)
* Lobular carcinoma (up to ~ Lymphatic spread
40% of peritoneal and = Haematogenous spread
I Ovarian metastasis) y = Direct or lymphatic spread

llustration of common metastatic sites in breast cancer [2]. The most common metastatic sites for breast
cancer are the bones, axillary lymph nodes, liver, and lungs. Approximately 10-40% of breast cancer tumors have



Most aggressive triple negative breast cancer TNBC
fast track approval of sacituzumab (Trodelvy)

-
! circulating

tumor
cells CTCs

Initial
large size
tumor

k) ‘ :“.;;! ‘ T ‘
‘1 ‘ A
TNBC are negative for ER, PR and HER2 - represents 15-20% of invasive BC



“armed” biologicals — ADCs -combining precision medicine with chemo-
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Kadcyla"'
(ado-trastuzumab
emtansine)

For Injection

160 mg per vial
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' ADCs can be conjugated to other types of molecules such as
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Van Eppsand Senter PD. 2019. Nature Chemical Biology 15:934-
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“armed” biologicals — eg. in triple negative breast cancer TNBC -
(FDA fast track sacizutumab 2021 when Kadcyla fails)

Collectif #
Mobilisarti @
Triplettes

7 molecules of highly toxic topoisomerase inhibitor

irinotecan/hu IgG1 s NDC5513513201  Rxonly
Linker for SN-38 - 1 Q ° ° —
« Hydrolyzable linker for E »
payload release - o
i b .
\\_u sac:!uzumé;1 ,
;\;‘ govitecan-hzly
Y& " S\ For Injection
- SQ{AO}.’\,\Y\OY yv—\ \\\N 180 mg per vial
- i) 0 § Forintravenous infusion
» ’ NN P Agent
SN-38 payload s 3 y & \ cwmRQ
* Metabolite of Topo | ! N
S hivitor “g H
* SN-38 more potent o t g e e
Humanized anti-Trop-2 than parent compound, Reconstituge ™ edporton
antibody irinotecan Linker \ prior®ot D
« Directed toward Trop-2, ‘ Single-dos¢
an epithelial antigen IRS7 lg(.k S . . . 1 vial
ssed »
e e irinotecan like Where n~7.6 —
685 x 370 SN-38/Mab




Engineering IgG can be used to modulate FcR interaction -

Antigen bindin

Fe-driven Antigen-independent
homeostasis & transcytosis

1

Fe binds to: FeRn receptor

Fe-driven immune effector functions
linked to antigen binding

Fc binds to: Fey receptor family

and Complement Ciq
R = 1 FcyRl FcyRHA FcyRIB FocyRNC FocyRINA  FocyRINB
Py ' N\ \
Sanlia- 0‘%
receplot C
fanuh daes o
' na a a a 2 a
n | High & Low
- .x.v L mowm - Low e m“, -
Function  Acwation  Actiation -m Acivation ¥

Silencing of the Fc part (mutagenesis) in situation where you do not want to eg activate NK cells



Fc receptor driven effector functions linked to antigen binding -

linked to antigen binding

Fc binds 10: Fey receptor family
and Complement Clq

Cell lysis
. via perforin ADCC
il deatt,  Antibody-dependent celiular cytotoxicity

fepandent

phagocytosis ADCP
ell deat Antibody-dependent cellular phagocylosis
it |‘|'-]'. ‘: "'. x) Complement-dependent cytotoxicity

The effector functon 18 exerted by complement or by mmune cells that bmd to the Fc part of a mAb

Fc part has two complement binding sites



Fc receptor driven effector functions independent to antigen binding -

Fc-driven Antigen-independent
homeostasis & transcytosis

|

Fe binds to: FcRn receptor

* FcRn mediates transcytosis ol G * FeRn prevents lysosomal catabolism of
(vin epehial gut cells; placenta)

U by recyching via endosomal pathway

2 (conlers Jon) plaeana halt e of G)
4{.- * l s e A gm0 - *
:' — - g e !
i‘ M&FO;'*‘ | * r;x ‘ .w“‘.”l
2 SyeCyTomcph ot ‘ }- ‘

Placenta

o
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Fc receptor driven effector functions independent to antigen binding-

GOAL: COMBINE DIFFERENT MODE OF ACTION TO ENHANCE EFFICACY OF mABS

panaesion of y
s @ £
NI, ' Brain shuttle
antibody fusion
Cytolytic fusion protein
- "y
Glycoengineered
antibody
e secor Arcion (ADLULD of o \ M )
Antibody cytokine |
fusion

Pre-targeted radio
immunotherapy

w
n W QW
‘ 4 vll‘r,|.,
o RO Xy

4

Glycosylation pattern may influence the biology and therapeutic index of mABs

2
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.
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Brain shuttle mAbs for Alzheimer’s disease with attenuated
peripheral effector function due to an inverted binding mode

Transgenic Mouse Models

of Alzheimer's Disease S
Brain Shuttle

mAb

I |

am. -

Binding to Q :

brain Ap plaque

R

Binding to

Active TR peripheral TfR

< transport g .

Full effector No effector
fupction in the . function in the
brain at the target periphery at TfR

No first infusion Fc
portion dependent
adverse reaction in
periphery, yet BBB
transport via Ferritin
receptor and
clearing of brain AP
plagues in mouse
model by active Fc
dependent effector
function (eg cellular
cytotoxicity)

Weber F et al. 2018 Cell Reports 22,
149-162



mABs in drug development B

The Pharmacological Mode of Action of mAbs is Complex
and may Involve Contributions from Multiple Mechanisms

Inhibition of Signal Transduction or Receptor Activation

* Inhibition of Ligand Binding (eg, Cetuximab on EGFR)

* Induction of Receptor Internalization (eg, |GF-1R-Abs)

« Inhibition of Receptor Dimerization (eg, Pertuzumab on HER2)
* Inhibition of Receptor Shedding (eg, Trastuzumab on HER2)

v O

Activation of Bfector Functions

Antibody-Dependent Cellular
Cytotoxicity (ADCC)
(eg, Rituximab)

Induction of Apoptosis
Complement

¢ (eg, Rituximab on HER2)
Activation (CDC) it el
(eg, Rituximab)
/2 S
Activation of T-Cells N3 b‘.

(eg, Catumaxomab)

Targeting of Toxins
(0g, Antibody-drug
conjugeies)

Blocking Ligand Binding
\ (eg, Bevacizumab for VEGF)

The /n-wvonet contribution of different modes of action described for one mADb 1s

often mcompletely understood and mav also be different m different mdications.



Mechanisms of adverse effects with mABs -

Involving hematocytes

Adapted from Clarke, 2010



MABs are subjected to intense scrutiny in drug safety and development -

D4
l CD28
CDs2 CD3
Ln Mg ed oa-' U E e &b gy ssaugsuyead s SUga UYL
Teel
b

Figure 3 | Monoclonal antibodies and the cytokine storm. a | Surface receptorson

Mechanisms of adverse effects with
mABs

4 Clinical signs of cytokine storm
e Early onset after 1st infusion with a mAb
e Signs and sympiloms
o Nausea, headache, fever, hypotension, hypoactivity, rash, shock, knwer body temp., multargan tailure
o Neurologecal findings (encephalopathy, tremaors, dizziness, seizures)
¢ Huge increases in cytokines and other mediators

¢ Cytokine storm in patients first time treated with anti-CD28 mAb TGN1412
o Clinical signs: Severe symptoms, tissue damage, multiorgan faillure
® Retrospectively, the mAb was shown to be a superagonist to CD28 with activation of all CD28* immune cells

p——
' B N
L~ - - -

L. N . ~ - >
Writhing, vomiting, tearing at shirts..
they screamed their heads would burst

= o)




MABs are subjected to intense scrutiny in drug safety and development

Herceptin bound to HER2 (EGFR)

2, < human epidermal receptor

trastuzumab (Herceptin)
trastuzumab-DM1 (Kadcyla)

a Breast cancer cell
Trastuzumad

a

K‘ ER323
: AST :

b Cardiomyocyte

Trastuzumab

20

o

Contractility Caspase activation

Figure 2| Action of trastuzumab on breast cancer cells and on cardiomyocytes.



MABs are subjected to intense scrutiny in drug safety and development g

o> C'i"ical Signs 0' cytoki"e storm MOLECULAR BIOLOGY COMPLEX INCLUD'NG
e Early onset after 1st infusion with a mAb PATIENT HETEROGENEITY SAFETY HURDLE !

® Signs and sympioms
Nausea, headache, lever, hypotenson, ypoactivity, rash, shock, lower body temp., multargan tallure

Ncurologecal hindings (encephalopatiy, tremors, diZ2INCss, Seizurcs)

¢ Huge increases in cytokines and other mediators

¢ Cytokine storm in patients first time treated with anti-CD28 mAb TGN1412
e Clinical signs: Severe symptoms, tissue damage, multiorgan fallure

¢ Retrospectively, the mADb was shown to be a superagonist to CD28 with activation of all CD28* immune cells

~ Cytokine Storm

Sl bt ’ / \ Renai
Clotting Fallure

Immune
Shock

Paralysis

Lung Injury Cell Death

 Inflammation, Organ Failure and Infection

}
I




Drugging the undruggable targets — direct pharmacological ;.
intervention by protein:protein interaction disruption

The genomic revolution provided drug discovery an ever since
increasing number of therapeutic targets

Mutated genes and pathologic protein products have emerged
as precision medicine anti cancer drug target

In particular the relevance of protein:protein interactions
highlights a number of new challenges for medicinal chemists
with often no suitable/ targetable binding pocket for the
design of a classical small molecule chemistry is available

Stapling peptide based drug modalities are getting developed
to bridge the gap between BIOLOGICALS/protein therapeutics
(MABs) modalities and CHEMICALS small MW cpds from

undruggable potential therapeutic targets

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



» Drugging the undruggable therapeutic targets” )

Fragment Linking - Protein-Protein Interactions

Why protein-protein interactions as targets?

Protein Protein interactons (PP1's) are found throughout biological
systoms, Typcally these are defined as difticull targets as success
rates in targeting these has been low especially using HTS approaches.

Unike conventional targels they do not have distinct binding pockets
however they have what is known as hot-spots’ typically on the surface
ol the proten

FBDOD has been used successiully against a number of these
targets however none to date have been approved as drugs
although in a number of cases there are compounds in Phase Il

development.

RADS1-BRC4




Drugging undruggable targets — peptide stapling

Alkeny| Amino Acids for Stapled Peptides

Slapied peplides are promesang inteaceiiul ar orug 1anpets They sy
havwe ncreased tamget afinty, cell penetmting abikty and increased
protedlyic ressstance In companson o non-stapled aralogs (G
Verdne GJ Hilrsk: AMethods Enzynal 2012, 503 3.13)

Slapied pephides are Lrmed Dy NCHPAInG Spacial amind acds
WD dlefrec Side chans 3t the |, 4 posiions (0Ne400p SLapke) or at
+7 postions (iwodoop stapke) The hydocarbon brdoe 15 fommed
DY a8 nng-closing melathesis reachon cxalyzed Dy benzyidentds
(Incyciohex yiphosphme b de Nomonuthenum (Gadd's catalyst)

AAPPTec supples a2 wde selechon of hgh party Frmoc-akeny
alanenes usad 10 prepare stapied pephices through a NMY-Cosng
metaness reachion AAPPTec's products are affordably priced
and are also avallable In bulk gquantities for additonal
savings. Please send an email to sales@aappieccom for a
quotation on larger quantities or use the On-Line Quote
Request

DESIGNER AA USED
TO INTRODUCE ALL-
HYDROCARBON
STAPLES INTO
PEPTIDES

CLOSING THE
MACRO CYCLIC
RING ENFORCES
ALPHA HELICAL
STRUCTURE

Verdine G et al. 2007 Clin Cancer Res 13:7264-7220



Drugging undruggable targets — peptide stapling -

-Designer AA used

(A) to introduce all-
hydrocarbon
staples into

».1.«\/ peptides

Mo
: -Closing the macro
cyclicring
R8 S5 enforces alpha
(B) helical structure

A=
A\ TR R

Verdine G et al. 2007 Clin Cancer Res 13:7264-7220



Drugging undruggable targets — direct NOTCH signaling inhibition by -
protein:protein interaction disruption

Direct inhibition of the NOTCH
transcription factor complex

Raymond E. Moellering =, Melanie Cornejo’, Tina N. Davis®, Cristina Del Bianco’, Jon C. Aster”,
Stephen C. Blacklow”, Andrew L. Kung®, D. Gary Gilliland"’, Gregory L. Verdine'~ & James E. Bradner™*

Direct inhibition of transcription factor complexes remains a central challenge in the discipline of ligand discovery. In general,
these proteins lack surface invelutions suitable for high-affinity binding by small molecules. Here we report the design of
synthetic, cell-permeable, stabilized 2-helical peptides that target a critical protein-protein interface in the NOTCH
transactivation complex. We demonstrate that direct, high-affinity binding of the hydrocarbon-stapled peptide SAHMI
prevents assembly of the active transcriptional complex. Inappropriate NOTCH activation is directly implicated in the
pathogenesis of several discase states, including T-cell acute lymphoblastic leukaemia (T-ALL). The treatment of leukaemic
cells with SAHM]I results in genome-wide suppression of NOTCH-activated genes. Direct antagonism of the NOTCH
transcriptional program causes potent, NOTCH-specific anti-proliferative effects in cultured cells and in a mouse model of
NOTCH)-driven T-ALL

Transcription factors are the final effectors of the cellular signaling cascade

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



NOTCH cellular signal pathway : cell to cell communication
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1. In the absence of Notch
signal transduction CSL
represses targoet genes.

-----

Y5
'\ 1\

4. Ectodomain shedding
triggers S3 cleavage.
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2. Endocytosis in the signaling cell
is required for ligand activity,
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§. 83 cleavage releases the intracellular

domain for nuclear translocation.

3. Ligand binding triggers S2 cleavage

and ectodomain shedding.
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6. The CSL-NICD-MAM ternary
complex activates target
aene transcription.

Greenwald | et al 2012 Wormbook.com



NOTCH signal and the transcriptional ON /OFF readout pathway
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Greenwald | et al 2012 Wormbook.com



NOTCH signal and the transcriptional ON /OFF readout pathway ‘
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health: cell-cell com,
cell fate (promotion
supression of proliferation

disease: colon cancer,
alzheimer, T-ALL leukaemia

Greenwald | et al 2012 Wormbook.com



Drugging undruggable targets — direct NOTCH signal inhibition by

protein:protein interaction disruption at the target genes
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Moellering RE et al. 2002 Nature 462:182-188



Drugging undruggable targets — direct NOTCH final effector inhibition

.

by protein:protein interaction blockade using ,, peptide stapling”
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Nucleic acid based medicines: a new therapeutic modality -

STARTING POINT : THE “UNDRUGGABLE GENOME” EXPLOITED BY DNA DRUGS !

The human genome project 1990-2003
1996: The human genome project may reveal «3000-10°000 new drug targetsy () Drews)

2002: Release of Human Genome

out of 20'500 proteins encoded in the human genome  The druggable genome

~400 proteins bind 10 “drug-like molecules”
~200 proteins are targets of marketed small molecule drugs

Anderw | 1Spdm and Cn B (e

NATRE MR | S Do WA
VELLASE | | 3 7 R

Have we identified all viable drug targets already ?

No!
The undruggable genome is a huge space:
Huma“ 8en°me: 3 B""on Bases Wﬂ Nuchek Ackd basod Ther apeutics
* 76% of DNA is transcribed into mRNA A aim 1o exploit druggable &
° 3% into Pl'ot"n by TTITOTY > undiuggable genivne

« 73% is ‘non-coding’ RNA _
B X !



DNA RNA therapeutics

“undruggable” genome
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Basic concept:
Instead of binding to a
mature protein and thereby

alter its function

+  Synthesis of 3 protein is
nhibited by blocking /
degrading mRNA

*  Noncoding/regulatory

reglons are targeted

* A Protein’s function is
diocked via mechanism
other than targeting

gand binding



Antisense oligonucleotides (single stranded) i

Modulation of mRNA functionality by specific hybridization of ASO

Chan ot ¥ On Exp Pharmacol Physol (2006) 11 520-540

Srevin

CELL ENTRY : HOW ?

Endocytosis: Non-specific or
receptor-mediated uptake of ASO into
endosomes (1)

Endosomes mature into lysosomes (2)

Majority of ASO accumulate in
lysosomes (2):
‘non-productive’ pathway

Small amount of ASO escapes into
cytosol and nucleus (3) and is
pharmacologically active:

‘productive’ pathway

Exact mechanisms of escape poorly
understood




Antisense DNA oligonucleotides in the clinical setting -

FDA Approved drugs:
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Mipomersen ASO in eg. fam. hypercholesterolemia .

Mipomersen Significantly Reduced LDL-C 3 Ky

Reduction in LDL-C over 28 weeks
(full analysis set)

E
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= £ FH: cholesterol deposit on eyelid;
- 80% carry LDLr loss-of-function
29 mutations
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o
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. Kynamro™
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200 mg/mlL

%%) Genzyme Inc

Inesterified

ste ster_
NG g
wlesterol - T
Apolipoprotein B-100. Al %‘f' e Yy
N “-‘3:{,.’ N o LETEE
‘_‘



Antisense DNA oligonucleotides : route of administration ‘
main issue : poor biodistribution (target organ exposure) and toxicity

SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO
Classical delwery is by injection:
Intravenous (iv) or subcutaneous (sc¢) for systemic delvery

Intramuscular (IM), intratumoral (ITM), intravitreal (IVI)
injection of ASOs have been used to achieve more ussue-specific

defvery

ASOs do not readily cross the blood bram bamer when
admimstered penpherally

GalNAc conjugation is the most mature effort so far: a method to
reduce dose by a factor 20 or more for hepatocyte specific targets



Antisense DNA oligonucleotides : route of administration

main issue : poor biodistribution (target organ exposure) and toxicity

ASO are given iv, sc, for
systemic exposure

ASO do not readily pass
the blood brain barrier

Organ exposure include
intramuscular and oral
administration

Mucus

Bronchial
epithelium

Mucocilliary clearance @ Pulmonary
delivery

Nuclease degradation < | Systemic
delivery

( - - T E - ] € - D)

Blood vessel

Nuclease

Endosome degradation

Late c-ndoumm-Q '

|

Early endosOme

Ay @ Lysosome




Antisense DNA oligonucleotides B

SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO
RNA FOLDS INTO 3D STRUCTURE WHICH DETERMINES ITS ACCESSIBILITY !

- - pr—.
. -
by N
| &
L

+ Synthesize ASOs along the mRNA sequences

+ Test activity in vitro in a cell based assay: ‘ /
« Cell line expressing the intended mRNA w
+ Determine IC50 __?B

MRNA Epredacn
- - 304 Predicied 20 wructure of & mANA
- AZON

AON RNA/GPCR l"* =
‘ l ' - %

Day0- 1 2 W

e
raanng AJD orverd shor

Huge differences in activity can be obtained!




Antisense DNA oligonucleotides B

SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

» GalNAc conjugation is the most mature effort so far: a method to reduce
dose by a factor 20 or more for hepatocyte specific targets

* GalNAc conjugate:

Gale, clusler » Asialoglycoprotein receptor is
. used to target hepatocytes
A‘ e » Trimeric GalNAc cluster is

‘ T . _,J, ~J~4 recognized by the receptor and
4 1,‘;,15 internalized together with the

s
\ T ..g:)b *3253 cargo (ASO)

T

*éf«s +€Q;p o ? o m.....

it

N-acetd-0-Oalamoslarire (GaNAL)



Antisense DNA oligonucleotides : spinal muscular atrophy :
the nusinersen trials

’ - ' -
111M FDA APPROVES SMA DRUG |




Antisense DNA oligonucleotides : spinal muscular atrophy &

Spinal muscular atrophy (SMA) is a degenerative rare disease of the motor nuclei
in the spinal cord and lower brain stem

SMA presents in childhood with muscle weakness and most severely fatal
respiratory failure (10-20°000 kids in US)

Mutations of the SMIN locus on 5q13 (surviral of motor neuronal gene 1 and 2) are
the cause of SMA rare disease

In humans the locus contains splice site mutations at both the telomeric SMN1
gene and the centromeric homologous SMN2 gene

Prevalence is 1.2 over 100 000 individuals (1/6000 babies)

Carrier rates for the autosomal recessive is 1 in 40 for genetic counselling
purposes (one copy of the altered gene)

Spinal muscular atrophy (SMA) type | (Hoffmann Disease) was found in 4:1,600
(1:400) infants of the egyptian Karaite community (endemistic propagation)



SMA : spinal muscular atrophy ‘

SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

Bwﬁjoeo in SPINAL MuseuLAR. ATROPHY
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SMA : alternate RNA splicing defects by exon7 skipping of SMIN2 pre mRNA -

SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

SMNZ pre-mRNA
bty | g2ag2bg 3 g4 g9 g6 g 7y --
SPLICING
N

Full-length SMN2 mRNA

1 222b 3 4 S 6 7 8

TRANSLATION

obo bo © 2
=p- 0=P-0
OH OH
S8, A SPINRAZA
(L e | )t Q Full-length
¢ ¢ SMN protein
tricyclo-DNA DNA

Intronic silencing sequence regulate splicing of SMN2 exon 7

Tricyclo DNA molecules to improve on stability of AOS (RNAseH resistance) and BBB exposure



SMA : pre mRNA splicing research leads to therapeutics ‘

RESEARCH BANDURYCENTER CSMLPRISS DMNALTARNINGCEINTIR NETTINGS A COURSES PHD PROGRAM

g . . " (b) SMN2 gene

\/4Unab|e to bind ESE

N

Exon 7 skipping

(d) SMN2 + TOES
1S
VARV

Exon 7 inclusion

4 SF2/ASF with SR domain @

% SMA-RS10 PNA hybrid
/" 5'GGA bifunctional oligo

TRENDS in Biotechnology

« Cold Spring Harbour lab 2017 medicine « 2017

SHL Paglessor Ad pine, winner of RBreshthvough Proe

Cartegni,L.Krainer,A.(2002) Nat. Genet. 30, 377—384. Disruption of an SF2/ASF-dependent exonic splicing enhancer in SMN2 causes spinal
muscular atrophy in the absence of SMIN1.



Spinraza: spinal muscular atrophy innovative medicine g
12mg AOS dosis as intrathecal injections (spine puncture)

- - :
he most common adverse *’b"-\ that occurred in at least 20°PINRAZA—
and occurred at least 5% more.lré atly than in control patients were:

e lower respiratory infecti jon in patients'with infantile-onset SMA
e pyrexia, headach in patients with later- onset SMA

INITIAL DOSES 3x/ ea r
y
0000 ) ——
SPINRAZA is directly delivered to

™ o : J the central nervous system (CNS)
4 where motor neuron loss begins

DOSE 3X/YEAR After 4 initial loading doses,
» Py Py D SPINRAZA is given 3 times a year.

Spinraza: correcting RNA splicing defects by targeting splice factor at genomic site



SMA : spinal muscular atrophy splicing ailment
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Prix Galien  SPINRAZA

(nusinersen) S

Biomedical scientists with Biogen Inc receive the pretigious « Prix Galien » for innovative medicine



Gene therapy : spinal muscular atrophy innovative medicine -

OoDal gevelopment roOtDall Iecn Business tnvironment uUDituaries

$2.1m Novartis gene therapy to become
world's most expensive drug

US approves the one-time treatment for deadly spinal muscular
atrophy in infants

A Swiss drugmaker Novartis has gained US approval for its $2.1m spinal muscular atrophy gene therapy Zolgensma



Zolgensma: spinal muscular atrophy innovative gene therapy medicine -:.

BIOTECH AND PHARMA

FDA approves Novartis’ $2.1 million
gene therapy — making it the world’s
most expensive drug

‘ Berkeley Lovelace Jr “ Angelica LaVito
AR LY AnGi AlLAY f , 'f I
vgc-Xl'O ona
‘.amarw ”CS&T’.‘, .
KEY * The FOA approved Novartis' Zolgensma, a one-time treatment for spinal musc ‘ <20 Bhésémnogene
POINTS b et e ZOLGENSMA
atrophy B o 1=
,‘.' of SHACE DONGRFREEE s T N | St puscieg ke

* Zolgensma, a gene therapy, will cost $2.1 milion

* Novartis had previously said & could price the treatment between $1.5 million and
$5 million

Adeno-associated viral dependent SMN expression gene therapy indicated for the
treatment of pediatric patient less than 2 years of age with spinal muscular atrophy
(SMA) with bi-allelic mutations in the survival motor neuron 1 (SMN1) gene.



Marketing

Zolgensma safety scare hits Novartis again as FDA halts
spinal injection trial

by Angus Liu | Oct 30, 2019 10:42am

According to Novartis, its gene therapy unit AveXis alerted regulators about dorsal root ganglia
mononuclear cell inflammation, sometimes accompanied by neuronal cell body degeneration or
loss, that cropped up in a preclinical study. It's a new finding in Zolgensma animal testing.

The condition can be associated with sensory changes, the Swiss drugmaker said, adding that it
has not cropped up in humans so far.

In a Wednesday note 1o clients, SVB Leerink analyst Mani Foroohar suspected the clinical halt is
“likely reflective of FDA taking a more stringent attitude towards [Zolgensma] review™ after a recent
data scandal.

The company said it's working with the FDA to “identify any additional actions necessary o resume
dosing” in the spinal-injection trial, dubbed Strong, and will continue to monitor safety events in
patients.

Known as intrathecal delivery, the direct injection into the spine is one avenue Novartis is pursuing
to expand Zolgensma'’s patient base. The gene therapy is currently only approved for SMA patients
younger than two, but the Strong trial is testing it in older SMA type 2 patients up to five years of

age.



Antisense DNA oligonucleotides (single stranded) -

LNA - locked nucleic acid .provides unprecedented target affinity
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Development of microRNA therapeutics (agomirs — antagomirs) is coming of&
>30 % of human genes regulated by miRs !

Lo von Mooy & Sohort Mawpevren  Development of maCrofNA !ernpoutics EMBO Molecutar Medicine
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Van Rooij E and Kauppinen S. 2014 EMBO Mol Med J 6:851-864

@ 2-O-methyl nucleotide /\/ phosphorothioate cholesterol Antagomirs sequences
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Incorporation of Pseudouridine Into mRNA Yields
Superior Nonimmunogenic Vector With Increased
Translational Capacity and Biological Stability

Katalin Kariké', Hiromi Muramatsu', Frank A Welsh', Janos Ludwig?, Hiroki Kato®, Shizuo Akira’
and Drew Weissman*

'Department of Newrosurgery, University of Pernsyfvania, Philadelphva, Pennsylvania, USA; “Laboratory of RNA Molecufar Biology, The Rockefefler
University, New York, New York, USA: 'Department of Host Defernie, Reseorch fnstitute for Microbiod Diseases, Osoko University, Osoko, Japory,
‘Deportment of Medicine, University of Perisyivanio, Philodeipiva, Pennsybvorwa, USA
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Antagomirs (anti miRs) therapeutics in drug development ‘
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Antagomir (anti-miRNAs) are antisense oligonucleotides that silence
endogenous microRNA from their gene target binding capabilities

eg. miR33a intron encoded in the SREBP2 locus (miR33a on SREBP1 locus)
inhibit the expression of ATP binding cassette transporter ABCA1, a
cholesterol efflux pump essential in RCT (reverse cholesterol transport)



Antagomirs (anti miR33a) therapeutics in CVD drug development 9

LDL= mg/dI
HDL = mg/dI

QE’ ‘ Reverse : |
> Cholesterol Transpont .

'\ \</ Transport
\¢

‘\~

Interstitial ‘
fluid

-E .. Peripheral cells

eg. miR33a intron encoded in the SREBP2 locus (miR33b on SREBP1 locus) inhibit the expression of ATP binding cassette transporter
ABCA1, a cholesterol efflux pump essential in RCT (reverse cholesterol transport) (SREBP = sterol response binding protein)



Development of microRNA therapeutics is coming of age -

o
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Development of miR33a antagomirs therapeutics in CVD ‘

SUBSTANTIAL PRECLINICAL WORK HAS BEEN
mm" COMPLETED INCLUDING A NON- HUMAN
S PromaTES) PRIMATE STUDY OF INHIBITING miR-33A/B FOR

THE TREATMENT OF ATHEROSCLEROSIS. BY

.| TREATING AFRICAN GREEN MONKEYS SUB CUT

. WITH ANTI miR-33 , A DECREASE IN VLDL AND

e | NS i N LDL AND AN INCREASE OF HDL WAS

ot s s OBSERVED. REDUCED REPRESSION OF ABCA1
e GENE OBSERVED (MOA VERYFIED !!)
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Elution time (min)

Rayner KJ et al 2012 Nature 478 : 404-407



DNA RNA therapeutics : aptamers )

Oligonucleotides (DNA or RNA, 15-60 Bp) having high affinity and specificity in
identifying target molecules (typically proteins)

can be selected to bind any given target by chemical recognitions different
from Watson=Crick base pairing.

Interaction to target based on 3-Dimensional folding of the single stranded
oligonucleotide (intramolecular hybridization) into particular shape.

defmed
BNA or ssDNA rhree - dimensoral optarmer/terget
(<300 nt) 1hru ture complex
,.._/';__‘_m_‘ ""'1 v
tendmyg ~echovy™y
“Wiwced I

SELEX (systematic evolution of ligands by exponential enrichment) allows over
several rounds of selection from a pool of sequences against the therapeutic
target high affinity and specificity cdps to the target : similar affinities as ABs with
low immunogenitcity however



DNA RNA therapeutics : aptamers

www.moleculartherapy.org  Yang S et al.(2018) Molecular Therapy Nucleic Acids

: 13:164-175. Oligonucleotide aptamer-mediated
Review . . . .
precision therapy of hematological malignancies.
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DNA RNA therapeutics : aptamers
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Nucleic acid based therapeutics : RNA interference ‘

RNA INTERFERENCE : A RECENT MOLECULAR EXPLANATION ON AN OLD OBSERVATION

1998 +Andrew Fire and Craig Mello publish groundbreaking work done in C. elegans.
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3. GIANA had to cormespond 1o the mature MANA SeJuance; Nelther INTron NOr Promoter Sequences
trigpered 3 1e5pONie ~» 3 posttrarioriptional, presumably cytoplasmic mechansm

4. the targeted mANA ditappesred sugperting that it was depraded - =

3. only » few dsRNA molecules per coll were 10fi0ent 1o sccommplish fll silencing ——ae e

2001 +Thomas Tuschl demonstrates potent and specific RNAI silencing in mammalian
cells 12



RNA interference: small RNAs as therapeutics ?

siRNAs and miRNAs hit respectively transcription and translation !

Preecsnqg of micmeg )

Caprare wnd degraiation of ménd




RNA interference: small RNAs as therapeutics eg in liver :
nanoparticle, cholesterol moiety, systemic delivery improved ?! ‘

The Second Coming of RNAI
Now showing clindcal progress against liver diseases, the gone-silendng techni que begins to

fulf il some of its promises,
articles

Therapeutic silencing of an endogenous
gene by systemic administration of
modified siRNAs

Jiirgen Soutschek', Akin Akinc’, Birgit Bramlage', Klaus Charisse’, Ralmer Constien’, Mary Domoghue’, Sayda Elbashir’, Anke Gelok',
mw‘.mm.mmumu—nimm:,mlw.mmﬁ.

Kallanthottathil G. Rajeev’, Ingo Rohi', Ivanka Toudjarska’, Gang Wang’, Silvio Wuschko', David Bumcrot’, Victor Ketellansky',

8y Enc Bender | September 1, 2014

'Aluylaw Farope AG, Fritz-Hormachuch-Ser. %, 95326 Kulwhach, Germavy
“Alsylaw Pharmaceuticals buc, 300 3rd Street, Cambridge, Mamackanetts 02142, USA
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THE ART OF SILENCING: Smal rterfering RNA molecudes e ircomnporsted into a0 RNA-nd ced sdenang
complex whar ¢ they bend and dogr ade tar 9ot messenQer RNAS [yelow wth red rings). Taking adv artage of Ows
NS ENA mtotfarence (RNA) pathway, resear chers are developng therapautics for iver -based dseases
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PROTAC S : linking therapeutic target to ubiquitin ligases for
degradation

1 VHL

PROTAC '

Katie Vicari/Nature Publishing Group

Figure 1| PROTAC mechanism of action and
modular structure. This PROTAC links ERRa to
the CRL2V"- ubiquitin ligase. CRL2V" recruits a
ubiquitin-loaded ubiquitin-conjugating enzyme
(E2), which discharges its cargo onto BRD4.
Multiple rounds of ubiquitin (Ub) transfer build
up a chain of ubiquitins on ERRa, which targets
ERRa to the proteasome for degradation. CUL2,
cullin 2; EIB-C, elongin B—elongin C heterodimer.

M. Scudellari (2019) The protein slayer. Nature 367:298-300

“We’re breaking the rules of what
we thought would be druggable.”



Session 6 - when new therapeutic modalities arise ! ‘

THANK YOU.......

DO YOU HAVE ANY QUESTIONS 7
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