1,000,000,000 CHF investment
7,000,874 hours of work

6,587 experiments

423 researchers

1 medicine

THE MAKING OF
AN INNOVATIVE MEDICINE

Introductory workshops on translational biomedical research, ‘
drug discovery and development : #

Judge Prof Dr med Olaia Naveiras

Bl0-698 resumes Thursday September 11. 2025
4:15 PM @ CM013

c=PFL

Sciences de la Vie -SV 4 b i

With Justine Epiney MD PhD cand Mehdi AliGadiri MD PhD cand Prof Roger G. Clerc



The Making Of An Innovative Medicine — class schedule ':.

Thursday‘s @ 4-6 PM except 04.12/11.12.25 @2-6 PM

Session 1: Scope of the course _ general organization _ case study
11.09.25 ' s saasl

Historical perspective: the modern pharmacy
Advent of modern medicines - placebo controlled drug development

Session 3: Introduction to translational research: crossing the bridge

25.09.25 A chasm has opened wide between biomedical research and patients in need
CMO013

Sessions 4-5: Therapeutic target identification | & Il
02-09.10.25 “me too” vs a wealth of innovative targets _ small MW cpds vs biologicals

cMois3 Early front loading of biomarker identification for cohort stratification

Session 6: Structure based drug design _medicinal chemistry_low/high throughtput
16.10.25 screening assays_ multiple parallel optimization_ML-powered screens
CMO13 Setting up screening assays, the robotics, the million cpds librairies

Session 7: Therapeutic modalities peptides and biologicals: today’s -
30.10.25 tomorrow’s pharmacy NBEs
cMo13 Challengies (cost of goods - healthcare payers) and opportunities



Flipping the class : how to encourage doctoral trainees to speak up ?

Presentations

Briefly introduce yourself to your neighbor,
sharing one question you have for this afternoon.



Drug Discovery : The Value Chain )
«the discovery of a new medicine is a very difficult task»

does it
really help
patients?
first in class
drug ?

SAD MAD healthy
volunteers (what is
the best dose
(safety margin)

which adverse
effects? business
case?

POST
PHASE I PHASE lla PHASE llb MARKETING

FDA/EMEA
approval !

shows benefit over
TARGET DRUG PRECLINICAL

-of-care !
TEST PK/PD- standart-o
IDENTIFICATION CANDIDATE SAFETY

is my cpd safe
in animal
model? at

help eg. to
treat chronic

~1’000°000°000 ~ 10’000

pain? what dose? CHF animals
diabetes?
~ 1000
~ 10 years patients/
volunteers
The Making Of An Innovative Medicine: ~ 6500 45

From Idea to Medicine expt scientists




The professional future of PhDs competing with the global job market
Embracing a career at the heart of biomedical research ?

From: The missing piece to changing the university culture

MAKEYOUR OWN PLANS, REGARDLESS!

9007 Annual faculty positions —40,000
Cumulative faculty positions
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Cory et al. 2013. Nature Biotechnology 31:938-942

Changing the university /academic career culture
academia vs industry ?



WORKSHOP LISTING - THE MAKING OF AN INNOVATIVE MEDICINE BIO 698-HS2025 in CM013

I NON EXHAUSTIVE LISTING - SUGGESTIONS WELCOME !

sessions workshops speaker/s
S02 (18-09-25)
historical medicines penicilin: impact, whose invention ?
hopping on giant shoulders prozac at the core of psychiatry
vaccine discovery:smallpoxJennerTodaymRNAvaccine| Eugenio

artemisinin and malaria

insulin-Banting Best et al. beagle dog

slide51-X-ray image DNA--Rosalind Franklin

cyclosporin from soil sample to life saver

503 (25-09-25)

translational research

expanding scope of translational therapies

from bench to bedside and back|

chronotherapy,circadian clock,sex,longevity

CAR-T, TCR-T cell therapies in "cold" tumors

Y chrom loss in immune cells drives cancer

504 (02-10-25)

therapeutic target identification

rare diseases repurposing medicines

S05 (09-10-25)

nocosomial inf/MRSA/phage antibacterials

therapeutic target identification

Crispr/Cas9 gene editing huntington disease

Al in drug discovery / ML-powered medicine

506 (16-10-25)

AIDS - Lenacapavir : end of plague ?

structure based drug design

macrocycles and non druggable targets

chemoproteomics - NMEs

S07 (30-10-25)

AIDS HIV from deadly virus to chronic disease

therapeutic modalities - NBEs

therapeutic peptides/incretins et al

biologicals on the rise MABs medicines

RNA therapeutics, antisense medicines

508 (06-11-25)

Wnt pathway - PROTACs vs molecular GLUEs

PHC personalized healthcare

BRCA1/2 preventive surgery/tumor board

| P . g

AD rnadicina  CA\AMAC CTCCe

.

Workshops
The Making Of An

Innovative Medicine
(non exhaustive listing)



Session 2 *

* Historical perspectives : the early days
of modern pharmacy : Hopping on
giant shoulders (well before the Al hipes !)

Sunday afternoon expt: a visit of the Pharmacy Museum of the University of Basel Switzerland



Happy Birthday ! Swiss Pharmacy Museum is celebrating 100 years ‘

100 Jahre Pharmaziemuseum: «Korperlichkeit,
Krankheit und Heilung betreffen uns alle»

«body awareness, disease and healing are us !
Mit einem Fest, einer Sonderausstellung und weiteren Events feiert das
Pharmaziemuseum der Universitat Basel sein 100-jahriges Bestehen. Sein Direktor, der

[ RSy ] | NNy T o | A SRR || § Al | BSOS | P N P ErR RS STRton Y o Y Y SN BV BN RS . Y] ety e |



Historical perspective _ chinese medicinal plants_ Hippocrates
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Ginseng root extracts (Panax q.) : evidence shows that taking
ginseng root extracts daily for 12 weeks improves
concentration and cognitive activities.

(cf pharmacognosy)

460-370 BC

“ The works of Hippocrates (460-
370 BC) contain 300 medicinal
plants classified by
e{hysiological action:

ormwood and common
centaury (Centaurium
umbellatum Gilib) were
applied against fever; garlic
against intestine parasites;
opium, henbane, deadly
nightshade, and mandrake
were used as narcotics;
fragrant hellebore and
haselwort as emetics; sea
onion, celery, J)arsley,
asparagus, and garlic as
diuretics; oak and
pomegranate as adstringents




Historical perspective _ Key medical papyri

The Georg Ebers Papyrus.

Found in Egypt in the 1870s,
the Ebers Papyrus contains
prescriptions written in
hieroglyphics for

more than 700 remedies,
including this one for an acute
asthma attack.

From: University of Leipzig __

Christian Jacq

*The Kahun (1825 B.C)
-gynecology

*The Ebers (1534 B.C?)

-internal medicine

*The Edwin Smith Surgical
Papyrus (1600 B.C)

-surgical wounds and
fractures




Historical perspective _ medicinal plant extracts ‘

eg. Papaver somniferum (poppy seeds) known in the oldest civilisations as sleeping
medicine

early past P '_ P tes t %
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| :
recent
past

. . » morphine binds opiate receptors (3 subtypes) which in turn mediate the
e op|0|d receptor signaling, and highlight advances in opioid molecular
' and behavioural pharmacology, widely used as analgesics in the clinic.



Historical perspective : Paracelsius : ,,sola dosis facit venenum” ﬂ
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Innovating medicine
is difficult and often
not comfortable :
Paracelsus was
rejected from various
universities included
Basel on his modern
views on medicine

Auoleus Philipus Theostratus Bombastus von Hohenheim1493-1541
Paracelsus teached medicine (father of pharmacology) in Basel Switzerland
“solely the dose determines that a thing is not a poison”



Historical phobias and societal threats of infective agents

Marketplace of Napoli during plague near 1656
(Yersinia pestis)



Infectious diseases before the antibacterial era
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Yersinia pestis seen at 200x magnification with a
fluorescent label.

Yersinia pestis

A scanning electron micrograph depicting
a mass of Yersinia pestis bacteria in the
foregut of an infected flea

Plague in ancient times
(now known as Yersinia pestis)



History of medicine
by Jean Starobinski :
a philosophical
perspective

Jean
Starobinski

Histoire
de la médecine

Je le soignai, Dieu le guérit.

Edition établie

. Planche anatomique
par Vincent Barras 2

ambroise paré

de la matrice, 1605.

Vésale, étude de muscles, vue

www.citation-celebre.com frontale, xviesiécle.

Héros-Limite

L'Histoire de la médecine de Jean Starobinski s’adresse
non seulement au spécialiste, mais  chacun et chacune
d’entre nous. Cet ouvrage demeure aujourd’hui encore
I'occasion d’une réflexion portant sur les valeurs fonda-
mentales de notre existence, et d’une prise de conscience
critique de la médecine, car cette derniére <ne nous rendra
plus heureux que si nous savons exactement ce qu’il
faut Iui demander>,

Illustrations: Fonds iconographique Nicolas Bouvier,
Genéve,

20 euros
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Serendipity in
medicne discovery
By C. Bohuon &
Monneret :

a sobering survey of
the pre placebo era

%

~ HISTORE
de la DECOUVERTE

de MEDICAMENTS/ /

-



Historical perspective : the future is the past only better ?
or how to measure the disruptiveness of a research discovery/paper ?

130 YEARS AGO : Montreal 1885 TODAY’s : Sierra Leone 2015

Small Pox Victim: God’s punishment ? EBOLA victims: all patients passed away

CoviID 2019 world wide millions of deaths !

Edward Jenner invented patient [B[]I.A’S I.UST WAHI]
“vaccination” by scarification of cow pox

viruses and laid down the foundation of
immunology

Two hundred years later we are still
striving at a number of viruses pandemia
and lots of unmet medical needs !

Kozlov M. 2023 Disruptive science has declined in 21st century even as papers proliferate
Nature 613: 225-226



Historical true medical breakthroughs : the patient need g

The first steps in the development of a modern medicine ! Beginning of 19" century
Two centuries before the advent of therapeutic targets elucidation !
No knowledge what so ever of the underlying molecular mechanism (MOA) !

Would Edward Jenner’s smallpox experiment pass a research ethics committee today ?
How can we go about discovering innovative medicine in the highly regulatory context
of today ? Is a single fatality in clinical setting entitled to stop 10 years of research ?
How do we innovate healthcare today ? How much is 3 months life extension worth ?



Nextstrain : real time tracking of viral pandemia
Richard Neher biophysicist has been conducting research on epidemiological questions at -

the Biozentrum of the University of Basel since 2017.
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Throughout history, pandemias have been a constant deadly threat Q
challenging biomedical research and clinical setting '

Ebola Epidemic
West Africa, 2013-2015
11.5K* DEATHS
Plague of London
London, 1665-1666 & lfl/lzloeof
68K-100K DEATHS 774 DEATHS

Influenza Pandemic
Global, 1957-1959

1.1M* DEATHS
North Italian Plague
North Ttaly, 1629-1631 12.5M*
. e 2M* DEATHS DEATHS
R e
o Third Plague
’ Pandemic

India, 1896-1920
= —— O O O B

Provencal Peste

Provence, France, 1720-1721

90K* DEATHS

el o e
DEATHS >lobal, - =
5M-20M* 1M-1.25M DEATHS
DEATHS
The Antonine Plague The Black Death Great Pneumonic Plague Epidemic
Mediterranean, 165-190* Europe, 1346-1352

Manchuria, 1909-1911
The Justinianic Plague >40M DEATHS 45K-60K DEATHS

Mediterranean, 541-544

Influenza Pandemic
Global, 1917-1919
25M-50M DEATHS

‘approximate



LAST CENTURY OF PANDEMICS TIMELNE =~ © @ . .
S s s bt The future is the past : more pandemics,

more zoonoses ... when, how massive ?

Te?
T ) SPANISH FLU ™™
{I ”’;) A virus which originated in birds,

mutated and then infected pigs, '

3.4%

which went on to infect

~B
P“ ¢** humans
CASES
“\‘\.\\0\' 500 MILLION
DEATHS
‘lx\ \ 17 MILLION MORTALITY RATE

HIV/AIDS = s,

&
Originating from Chimpanzees, HIV & é‘:" )_
kills humans by repressing immunity .-;’.— ."-I —I_
systems. Nobody dies of HIV, but P "(‘ *\\‘ i
they die of AIDS-related conditions. v

(ASES 42.7%
AIDS IDENTIFIED IN 1981 .
75 MILLION — (Kap05| sarcoma of

DEATHS .
32 MILLION MORTALITY RATE bucal caV|ty)

1980’s - today

= _.=2.- > .- Confronting SarsCoV2 in 2020

1956 (H2N2)
\
RN 1958 ASIAN FI.U

:";',‘:\v:: (H2N2) from East Asia was nicknamed
(/‘ A‘\\\\ “Aslan Flu®. This virus comprised of 3
a7 different genes and was the mildest
k}\\:,;”;‘ of the 20th century pandemics.
e 0
v U e CASES . 0
IANES
Ui 478 MILLION
DEATHS
1.1 MILLION MORTALITY RATE

HONG KONG FLU"™ € STE

(H3N2) originating from Hong Kong.

The population was said to have ‘ \ ‘ T < 3 2
some immunity from the N2 in the \ =4

Asian flu pandemic k k '
CASES 0.5% » .—-.; .-: |
200 MILLION

DEATHS vy (‘ i W S e
1 MILLION MORTALITY RATE ({1 ‘j_; -




Throughout history a pandemic burst (of bacterial, viral or of zoonoses ‘
origin) is a constant threatful compagnion of healthcare

MILLION COVID-19 DEATHS — A TIMELINE ©® © © ©

JANUARY 2021 JULY 2021 MARCH 2022

The US. continued to Inﬂ;::;‘f’g’g::g?; ;':;::‘: -
top COVID-19 death 9

during this period. driven by
counts, but experts

IA"“ARY 2020 were hopeful the the delta variant. Later

analyses said the total number

Several countries have
started easing COVID-19
restrictions, But WHO
officials continue to advise
caution. While trends

First death from rollout of vaccines will was likely much higher, with SRR COMOIO cases are
COVID-19, reported help reduce mortality one estimate putting the declining. they wam the
in Wuhan. China. numbers. death toll at 3 million.

pandemic is not yet over.

OnOuQEmOEOuQmQ

SEPTEMBER 2020 APRIL 2021 NOVEMBER 2021

The US. topped Uneven distribution of Official data showed the

total COVID-19 vaccines left several African region, excluding Egypt.

deaths during this low- and middle- had less than 150,000 deaths.

period, reaching income countries with But deaths in 13 countries had

over 200,000. little to no access to doubled since July, raising calls
doses. for more vaccine access as only

3% of the region’s population

was fully vaccinated.
nnw



Throughout history Pandemias have been a constant compagnion
today’s SarsCoV2 pandemia from zoonoses origin ‘

VIRUS-TAMING TOOLS

The virus that causes COVID-19 was identified only in early 2020, but the World
Health Organization has already recommended more than half a dozen treatments
for the disease. Still other therapies have been recommended by domestic agencies
such as the US National Institutes of Health.

® Antiviral Monoclonal antibody @ Anti-inflammatory

Molnupiravir

Marie-Monique Robin :

forne s callaboratien e Sarne Sarand \ Corticosteroids such Casirivimab-imdevimab Remdesivir
as dexamethasone (brand name REGEN-COV)
Nirmatrelvir-
Sotrovimab ritonavir
IL-6 receptor (brand name
blockers Baricitinib Paxlovid)
o ©
© e ° E)
" ] - | " | . ] ' ] N ] N ] o | N ] = ] - I
~ Préserver la biodiversité. Sep Nov Jan Mar May Jul Sep Nov Jan Mar May
un |mpérahf pour 1a santé planélaire 2020 » 2021 > 2022 »

Date first recommended by the WHO nature




Today’s medicinal chemistry therapeutic armamentarium ':.
towards pandemias is on a steep learning curve
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MTP directs the incorporation at either Gs or As with a high rate
of mutagenesis leading to mutated SarsCoV2 RNA products



HIV drug could be made for just $40 a year for every patient ‘
Lenacapavir : end of HIV pandemia ?

Lenacapavir:
A New Hopein
HIV Prevention

Binding " o o™
» P s \ -8 » First FDA-approved CA inhibitor
7 ek > Potent ant-Hiv actrity
N % = RS _ £
CD4 I I I I l l’ 7 w\‘ » Along-acting agent
&/
el Ta— » 100% efficacy for HIV

7=\ _ vention in cisgender woman
{#} Reverse transcription " -
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13 “Nuclear transport
55
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oot e
ac>d Assembly
) Transcription N 4 & -
Capsid disassembly S e Release &
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= N
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ytoplasm

UNAids « The closest we have ever been to an HIV vaccine (actually not a vaccine...) A herald breakthrough for HIV
prevention if the drug was available rapidly and affordably. If it could cost $40 a year for every patients, a thousand times
less than the current Gilead Ltd current list price (542°250)



HADLEY LEGGETT 08.31.08 12:00 AM

Paul Ehrlich coins the term ‘

AUG. 31, 1909: FIRST chemotherapy"
CHEMOTHERAPY DRUG TREATS

SYPHILIM DOCTORS HAVE FRITH
- IN EHRLICH'S ‘606"

Faulty Technigue in Using
the Blood Cure.

IT MUST ENTER THE VEINS

Salvarsan Has Been Introduced
Inte Muscular Tissues.

|
i
|
!
|
.Immm Have Resulted Only Where
|

_1909: __ After searching through hundreds of potential
chemicals, a German immunologist discovers a compound
that can selectivelv kill the narasitic spirochete that causes



Paul Ehrlich and the “Magic «#®
Bullet”

. .' 5\ v A
) ¢ g , ol
) ;‘"47‘ leed , |

Up untll Os (advent pen|C|I|n)
Salvarsan-Compound 606 V—As:As

Early antimicrobial chemical

, HCl HN NH, HCI
Introduced in 1910s T

Not 100% effective 5 - N
Long treatment: 1-2 years ) LK

As—As

Arsenical cpd Arsphenamine SO {3 Q



HADLEY LEGGETT 08.31.08 12:00 AM

AUG. 31.1900: FIRST ™ cremotherapye+ “%®
CHEMOTHERAPY DRUG TREATS

SYPH]L ]S Ehrlich reasoned that by screening many cpds, he could discover anti microbials that do not kill the patient !
No placebo control trials ; no toxicology study except the patients themselves !

. ’!"'?‘. Sea -!
Say kil o ot

_1909: _ After searching through hu
chemicals, a German immunologist discovers a compound
that can selectivelv kill the narasitic spirochete that causes




Historical medical breakthrough with impactful clinical value:
debate : to whom penicilin‘s discovery? ‘

Penicillin & S

CH3
/ 7
CH2—C —N—CH——CH
oo "N CH3
o v ||
,c N ¢ — COOH
o’ 4 !

“THE OLD WONDER” IS STILL FIRST LINE TREATMENT
FOR SEXUALLY TRANSMITTED DISEASES SUCH AS
SYPHILIS ! (45 x 10<6 cases in 2015)

Treponema
pallidum

au ll due to a bacterium called
nema Pallidum which can be



Historical medical breakthrough with impactful clinical value :
1940‘s and the New Wonder Drug From Mold ‘

Life expectancy globally and by
\ world regions LAt
since 1770

80 El
— > U ania

= 76.9 Americas
= |: 72.02 Asia
7/ 1.4Wo I'I fi

' LT
/US6})

& Sir A. Flemming éPal :
the foundation of the
antibiotic eras0

Thanks fo PENICILLIN
...He Will Come Home !

ormer Soviet

Union
— 60 Africa

40

30

0 world health and antibiotics: In a world without

10 effective antibiotics, global life expectancy would
drop to approximately 50 years.

0

1770 1800 1850 1900 1950 2015
Source: Life expectancy - James Riley for data 1990 and earlier; WHO and World Bank for later data
' lax Roser)
CurWworidinData.org/iie-expeciancy/ e CCBY



Today’s legacy
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Historical true medical breakthroughs B

THE ADVENT OF ANTIBIOTICS CHANGED OUR MEDICAL STATUS AND LIFE EXPECTANCY IN

THE MID OF 20™ CENTURY : CHILDHOOD MORTALITY

>

Influenza — Aged <1 year
pandemic — Aged 1-4 years
1945 NL
Flemming,
Florey and
Chain
Antibiotics
introduced

1900

childhood mortality

1920

1940 1960

Year

http://www.bioedge.org/bioethics/would-jenners-smallpox-experiment-pass-a-research-ethics-committee/11759



today 3000 types of resistant beta lactamase to antibiotics (ampicilin, _.
methicillin, etc...)




ANTBIOTIC

Threat and challengies of a postantibiotic era — stay tuned ! ‘

Emergence of antibiotic resistance

Antibiotic resistance threatens ability to control infection

Sulfonamides -~

Penicillin -~
Streptomycin -

Bacitracin
Chloramphenicol -

Cephalosporin -
Neomycin ««
Tetracycline -
Erythromycin «
Vancorm ycin -
Kanamycin -
Methicillin «-

1THE PLAGUE

e Q"
' OMOBR’W

Cllndamy in -
Amoxicillin

Imipenem -~
Ciprofloxacin -~
- Year introduced into clinic Quinupristin-Dalfopristin -~

-\—“-

- Year of first reported case(s) of resistance
Tigecycline « »

I 1 | | I | I -
1930 1940 1950 1960 1970 1980 1990 2000 2007

Note: Some of the dates are estimates only.
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Historical psychiatric care — electroshocks, lobotomy Q

amobarbital
(hypnotic)

Psychiatry 1940’s: electroconvulsive
therapies, electroshocks, lobotomy
see eq. Angelina Jolie starring “Changeling”

Note: barbiturates act by hyperpolarization and opening of
GABA receptor associated ion Cl channels leading to

inhibition of neural activity, MOA unknown up until 1980’s



Historical medical breakthroughs and pitfalls g

Before the Benzodiazepine Story: a number of fatalities on barbiturates overdose

Chemist A. von Baeyer : 1864
tested a derivative of urea and
malonic acid on himself ! the
first hypnotic sleep drug with
fatal adverse effects (NL 1905)

Relationship between Plasma Concentration
of Barbiturates and its Pharmacological Effects

Pharmacological effects

/. Death

Coma

Hypnosis

Sedation

Phsm'l concentration of barbiturate

I bl RS I
HN NH HN NH HN NH
CH, (|3H2 CHZ CH2 CHZ CH CH, ?Hz ! N
CHy CHs CH3 (\:H2 CH3 CH2 CHy =
(IDH—CH3 (|3H2
CHs CHs
barbituric acid barbital amobarbital peniobarbital phenobarbital




Historical psychiatric care-lobotomy

g

b

|

e e -
L

CHANGELING

P

therapies, electroshocks, lobotomy
see eq. Angelina Jolie starring “Changeling”

Note: barbiturates act by hyperpolarization and opening of
GABA, receptor associated ion CI" channels leading to
(hypnoic) inhibition of neural activity, MOA unknown up until 1980’s

amobarbital




Historical psychiatric care — electroconvulsive therapies

Psychiatry 1940’s: electroconvulsive therapies,

O A5 J\
N7 B oo B
AN electroshocks, lobotomy

H see eq. Jack Nicholson starring “One flew over the
barbital 7 ”
“(hypnotic) cuckoo’s nest




Historical psychiatric care — reloaded by Jack Nicholson

,4 .
e o
— Vo

"One Flew Over the Cuckoo's Nest" 1975

a‘i s o _ ' ’ ;

amobarbital
(hypnotic)




Historical psychiatric care — reloaded by «Le Temps d’Anna» a swiss movie il

AL

MATHIEU SIMONET GAELLE BONA Before the Benzodiazepine
T discovery and others
Le e""lp 9« 6{ VIM serotonin uptake
inhibitors : a true story of
fatal schizophrenia upon
lobotomy and

Seul I'amour peut garder
quelqu'un vivant

Lo Tersprn L MNrwia

N FILA
GREG ZLINGSK!




Historical psychiatric care — reloaded by «Le Temps d’Anna» swiss movie 9

Before the Benzodiazepine discovery : a true story of fatal schizophrenia




More historical breakthrough medicines 1950s-1980’s )

The advent of modern medicinal chemistry in drug development

BENZODIAZEPINES SSRI selective serotonin reuptake inhibitors STATINS
1960 Valium® (diazepam) 1972 Prozac® (fluoxetine) 1985 Lipitor® (atorvastatin)
Tranquilizer Antidepressant Lipid lowering, CVD
(GABA receptor agonist) (serotonin receptor) (HMGCoA reductase inhibitor)
Leo Sternbach Eli Lily Inc Akira Endo (Lasker Award)
Roche Ltd @ Sankyo/Warner-Lambert
‘ 2 i Pfizer
- c v

J Weekly Dose: Lipitor, the highest-selling
J drug of all time q




Historical medical breakthroughs 1940’s @ Roche ‘

The Benzodiazepine Story: towards Leo Sternbach life time achievement

1940’s

WW Il time

ROCHE Inc hires Nazi refugee
polnish chemist L. Sternbach
primitive tranquilizers
anxiolytics: barbiturates with |
severe adverse effects and §

little therapeutic value ' \%v :
NO CELLULAR SIGNAL ! {
PATHWAY DECIPHERED ! we
NO GENOME PROJECT g Y1 ol
TRIAL AN ERRORS NO HTS !  nesifl 1«‘

L L I
- .1 _
- iR — SRR

Leo Henryk Sternbach and Dr. Max Hoffer in the chemistry laboratory, building 25, Roche
Nutley, 1941

Secondary screens in vivo:
how to monitor a depressed
anhedonic rodent in animal

pharmacology ?



The Benzodiazepine Story of Valium: Leo Sternbach life time achievement ‘

Synthesis of Diazepam with (2-amino-5-chlorophenyl)(phenyl)methanone

O»—\
H4C-
0 3N
NHz © ) 1) ethyl glycinate 2) NaOCH; and /
hydrochloride Dimethyl sulfate \
- - 1
N\ \//""
pyridine Cl
=

'.‘ 0
HaN \/U\O/\CH3

Diazepam v
( Valium ) ethyl glycinate
,_H
H ‘: -
O - Hgo
T
CH,
@9
@ O‘S:O

methyl sulfate

HaC

7-chloro-1-methyl-5-phenyl-1,3-dihydro-
2H-benzole](1,4]diazepin-2-one

organic-chemistry reaction-mechanism synthesis



Historical medical breakthrough — the benzodiazepines ‘

The Benzodiazepine Story of Valium®: Leo Sternbach life
time achievement

1960‘s discovery of Valium®
(Diazepam) safe
tranquilizer, anxiolytic

Diazepam
( Valium )

Leo Henryk Sternbach accepting award for Valium from Mr. Lindner on bebalf of Roche, 1970



Historical medical breakthrough — the legacy of Leo Sternbach g

1960‘s discovery of Valium®
(Diazepam) safe
tranquilizer, anxiolytic.

The Life and Legacy of Valium Inventor

Leo Sternbach

Today’s “benzo” addiction
syndrome still a major
threat in psychiatric care

GOOD
CHEMISTRY




Historical medical breakthrough — Diazepam (Valium®) B )

20 YEARS AFTER THE
DIAZEPAM DISCOVERY :

THERAPEUTIC TARGET
IDENTIFIED !! A VERY
SPECIFIC

NEUROTRANSMITTER GABA
RECEPTOR AGONIST

MARGINAL SIDE EFFECTS
(ADDICTION), STILLIN
CLINICAL USE TODAY AS
VALIUM eg POST OP
RELAXANT

Seeburg PH Barnard EA
Lab at Genentech. Nature
(1987) 328:221-227

The Benzodiazepine Story — Valium®: 20 years later !

GABA, receptor (GABA,R)

pentameric ligand-gated CI-
channel (endogenous:
GABA)

Clinically relevant allosteric
binding sites for: BZD, Z
drugs, barbiturates, ethanol

Neuronal hyperpolarisation

anxiety, fear,
consciousness, seizures

GABA GAB

Diazepam
{ Valium )



80th birthday LSD -1943-2023 - Lysergic acid diethylamide ! -

Psychiatry rediscovers in 2000’s the LSD as a revolution in psychotherapy

First « acid trip » in the lab on April 16. 1943 : for the first time an
“acid trip” taken by its discoverer : while manipulating purified LSD,
a drop fell on chemist Albert Hofmann’s hand : upon absorption of
the droplets, anguish, vertigo, supernatural visions, happiness and
gratitude invaded his conscience.

Three days later, AH ventured to duplicate the “clinical experiment”
: the unexpected psychtropic surprise in the lab - adverse and
positive effects - resumed.

1943-2018
Albert Hoffmann
@ Sandoz Ltd
Switzerland

Albert Hoffmann could not anticipate at this point in time that his
“the space medicinal discovery would not only invade the hippies and pop song stages

chemist”

but also today’s psychiatric pharmacological armamentarium with
resistant depressions. A. Hoffmann depicted his vivid memories on

LSD as “Mein Sorgekind” (my problem child) !




LSD — Basel in 1943 : historical breakthrough discovery of a psychotropic —.

drug : the «acid trip» of A Hoffmann or how to reset your synaptome !

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



LSD acid tab on the tongue : a day long trip, associated ’
with psychedelic experiences in Wight Island Music Festival

1943 LSD SSE =i i o
Albert Hoffmann e ' ilaH l-ﬁtfoﬁﬁ')ﬂﬂmw-a \ A% P

@ Sandoz Ltd = - =
Switzerland T e e e m
‘ ! ’ 1 o ¢ o g e e 7

Beatles 1970’s
“White is White” album : a “space” pop song
on Wight island UK

LYSERGIC ACID DIETHYLAMIDE : isolated as ergotamine, a chemical from the fungus ergot



A hippie’s drug turns into an effective antidepression medicine as potent
serotonin receptor agonist ‘

As of today

LSD therapeutic target
identified ! X-ray
crystallography S5HTac

LSD wird meist auf Loschpapier aufgetragen und in den Mund gelegt. Es gibt die Droge aber auch als Pille.



LSD in action : when attached to the serotonin receptor
psychiatry rediscovers in 2000’s the LSD as a revolution in psychotherapy

with depression resistant inpatients (psychiatry ward)

As of today .
LSD therapeutic target

identified ! X-ray

crystallography 5HTac

This is LSD attached to a brain cell
serotonin receptor




LSD and Albert Hoffmann : historical breakthrough psychotropic drug-_-.

Albert
Hofmann

Die
Mutterkorn-

alkaloide

Vom Mutterkorn zum LSD -
Die Chemie der
Mutterkornalkaloide

Reprint der Originalausgabe

WS(HATTEN
VERLAG




An oncologist view of patients facing their ordeal : historical perspective ‘

\Z\l". . ,'. ] - ¢
THE !!nul}\a\uhhuuc

oo w v R OB
OF-ATL

M ALT A DL Bas

S

A BriocrarHY OoF CANCER

DER
KONIG ALLER
KRANKHEITEN
KREBS LINI
HIOGRAFI]

SIT“D D H. A R.T H A
MUK I E R.J EiE

PULITZER-PREIS 2011

“Acompulsively readable. surprisingly uplifting. and vivid tale. Thrilling™
—O. TaeOrran MacaziNe



Tumor biology therapy : 1938 — what is missing as of today ?

THE ONLY SAFE
AGAINNT CANG

SURGERY

RADIUM

DO NOT TRUST YOURLIFE TO

U.5. PUBLIC HEALTH SERVICE IN COOPERATION WITH THE AMERICA



Tumor biology therapy : 1898 - discovery of Radium ﬂ

ltnltnl.-u K "

Le Petit Parisien

it Farion SUPPLEMENT LITTERAIRE ILLUSTRE '_'""'f’__
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|
Huit pages : GINQ centimos maads 10 Juter 1104, |

|| MARIE CURIE and the
| Discovery of Radium




Radiotherapy : 1930‘s aftermath — the ,,radium girls“

blue bowl glowing: Marie Curie
Sklodowska and Radium

—r

- ——
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Radiotherapy : 1917‘s aftermath — ,,les petites curies” g

REPUBLIOUE FRANCAISE

Xray radiology ambulances for war surgery

- e 1, z p %
1867 MARIE CURIE 834 ,

blue bowl glowing: Marief i [F=B G [Gl'c




Neglected tropical diseases — largely unmet medical needs ! ‘

V&Q

lu e
‘ 1x106 death case each

asmodium falciparm malaria
MALARIA, LESHMANIASIS, FILARIASIS etc.

OLD NEGLECTED MEDICAL NEED

\ASY\OQ
PUBLIC HEALTH ISSUE ! \&0%

SHORTAGE OF EFFICACIOUS MEDICINES
(eg ARTEMISIN ) !



The Making Of An Innovative Medicine: historical perspective ‘
Artemisinin

\Vileileigle!

A Preventable and Treatable Global Public Health Issue'’

- - e =

In 2014,

had ongoing malaria

SCOPE transmission. !
AND IMPACT (

In 2013,
there were an estimated

of all malcric
cases of malaria worldwide deaths occur
cnd an estimated in Africa.®

deaths.”

of malaria
deaths occur in children
under 5 years of age.?



The Making Of An Innovative Medicine: historical perspective
Artemisinin

in

Sexual cycle
-
mosquito vector

Gametocytes Ga’"efocytogenesis Sporozites
infect infect
mosquito human
target of old'

. anti-malarials l:ver

erythrocyte
trophozoite .
> e @ target of

Erythrocytic artemisinins Exc-erythrocytic
schizogony

schizogony
Asexual cycle
in
human




The Making Of An Innovative Medicine: historical perspective B

artemisinin

Artemisinin: A major breakthrough
malaria chemotheran"“\‘s\

In 1967, the Chinese government 'V\d"é.d\(\
antimalarial drugs from indigeno>=<— \:\06 @

The first written rec-
Artemisia annua * WS
for Emergencs~

S
In 197@\9“\
annua . O
named ¢

emperature from A.
e compound that they




The Making Of An Innovative Medicine: historical perspective
A visit to the TPl in Basel website ! g
Swuss TPH

lp ala del Health Institute

https://www.swisstph.ch/de/ Schwizaische rpen nd Pblc Heskh st

-- - LW .
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Historical breakthrough medicines *

1920 : life expectancy of diabetes children is about 10-15 years !
Frederick Banting became as a GP interested in diabetes mellitus: he became aware of the
scientific reports on stenosis of pancreas leaving the Langerhans islets intact and killing the
trypsin producing cells. He left aside all his clinical duties to prove his hypothesis and received
help from C Best to isolate upon 10 days ligature beagle dog pancreas islets: kids receiving
those extracts however experienced no real benefit from this extract injection (5g/L to 4g/L
and severe side effects ! Geat disappointment ; F. Banting went on and reasoned that the
extracts contained impurities such as bacteria. He decided to further purify.




Session 2: Historical breakthrough medicines )

Frederick Banting then turned to a medical doctor
biochemist James Collip who worked on an almost
pure pyrogene free pancreatic insulin injectable.
h kﬁ“""""“—' The efficacy was closed to the miracle! glycemia

/ * wy droped from 5g/L to 1g/L !! The kids came out of
coma and were starting a new life !
Frederick Banting eventually received a well deserved
Nobel Prize in 1923.
Sofar millions of diabetic patient’s life has been safed
thanks to Frederick Banting resilience and
perseverance and benefited from this breakthrough !
. F Banting coined the name «insulin» from «insula» in
'- | Iatin (for islet/island of Langerhans) and became one

SN Very few life threatening diseases have been cured
sofar to such a extend of efficacy in modern medicine.

1920 : life expectancy of diabetes children is about 10-15 years !
Today diabetic patients live almost like healthy subjects !



Historical breakthrough medicines &

INS Frederick Banting became as a GP interested «by accident»
to help many kids in life threatening conditions

purified extracts from dog ligatured pancreas : kids
experienced no real benefit up until the dog pancreas
extracts got purified. Later insulin has been extracted from
porcine pancreas and provided by Eli Lilly USA

o e
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1960s : shortage of porcine insulin: bacterial recombinant insulin
came to the rescue (first «biological» ever) Axel Ullrich et al. 1970s !

FROM AN HISTORICAL PERSPECTIVE THESE MEDICINE WERE TRUE INNOVATIONS ! TODAY’S
REGULATORY AUTHORITIES WOULD PROBABLY NOT LET THEM PASS THROUGH THE REGISTRATION



Science. 1977 Jun 17;196(4296):1313-9.

Rat insulin genes: construction of plasmids containing the coding sequences.
Ullrich A, Shine J, Chirgwin J, Pictet R, Tischer E, Rutter WJ, Goodman HM.

Abstract
Recombinant bacterial plasmids have been constructed that contain complementary DNA prepared from rat islets of Langerhans

DNA
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’ NA / n .‘?\f;w “i..v\l”w Cell, Vol. 18, 533-543, October 1979, Copyright © 1979 by MIT
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oSt Isolation and Characterization of a Cloned Rat

/
SV Insulin Gene
Plas, % e

Bade"um ‘J W’d Barbara Cordell, Graeme Bell, Edmund Tischer, sulin mRNA is not proinsulin but a larger precursor,
M A Frances M. DeNoto, Axel Ullrich,* Raymond Pictet, pre-proinsulin, that contains more than twenty addi-

William J. Rutter and Howard M. Goodman tional amino acids (Chan, Keim and Steiner, 1976;

Howard Hughes Medical Institute Laboratory Chan et al., 1979) at the N terminus of the molecule.

Department of Biochemistry and Biophysics This prepeptide may be a secretory signal and is

University of California, San Francisco cleaved rapidly after synthesis before packaging in

San Francisco, California 94143 secretory granules. Whereas the events involved in

insulin translation and post-translational processing
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Historical breakthrough medicine : Eli Lilly insulin

Tnsulin fa the aet™e
lein 15 the nome™
Lilly and Compent' 'S
READ CAUTI
ysE oft

Ingulln, Rig. U-37

wERe 184

d B 845384 Al
| ELr Linny AN AR AR\ FOLTS, U, S, A

1960s : shoftage offporcine insulin: L
came to the rescue (first «biological»




Historical breakthrough medicines ‘
The advent of placebo controled clinical trials

The advent of modern medicinal chemistry in drug development
Bactrim

Antimicrobial sulfamethoxasol
and trymethoprime

Salicilic acid

Pain, antiinflamatory, cardio portective

Isotretinoin 1969

Severe acne, ichthyosis, birth defects
-—

L N )—

H>N :

Trimethoprim (top) and sulfamethoxazole
(bottom)

Iz

FROM AN HISTORICAL PERSPECTIVE THESE MEDICINE WERE TRUE INNOVATIONS ! TODAY’S
REGULATORY AUTHORITIES WOULD PROBABLY NOT LET THEM PASS THROUGH THE REGISTRATION



Historical breakthrough medicines =.
and the german medicinal chemistry

20 Tabletten

The advent of modern medicinal chemistry in drug development

5 5. .- O Na . OH
L AR ST CO - BN
L () —=_=pl (B |
0 ] N ./ ~
~_~" 1257, 100 atm e OH
1
_/l
Sodum Phenoxide Sodmum Salicylate Salicilic acid

Pain, antiinflamatory, cardio portective

‘

The Kolbe Synthesi

The kolbe schmitt reaction has been invented in the 1930’s for the preparation of aromatic
hydroxy acids. Usually the substitution occurs ortho to the phenolic hydroxy group

1S

FROM AN HISTORICAL PERSPECTIVE THESE MEDICINE WERE TRUE INNOVATIONS ! TODAY’S
REGULATORY AUTHORITIES WOULD PROBABLY NOT LET THEM PASS THROUGH THE REGISTRATION



20 Tabletten

460 B.C and 377 B.C
0 0 Na
1853 . _
I

sodium salicylate

" l . i N
1859 . o
Salicylic acid - “, pl =

Acetylsalicylic acid

1897 1897

. oM o S99
HermannKolbe 4 o, = |
weeping willow i - B
Salicin

T 42 88 e e PT
BEERNT 8 1974 Felix Hoffmann
Analgesic- |5 prevention of strokes " Superas

relieve minor aches and pains and heart attacks

Antipyretic-RE®8,
reduce fever

Anti-inflammatory-7fi 55




Historical breakthrough medicines ‘

' @AsEjl_N__

Tablette mit 500 mg Ace etylsalicylsiure

20 Tabletten

The advent of modern medicinal chemistry in drug development

Willow

The salicin in willow bark converts to salicylic acid

Known in chinese medicine

Extracts from white willow bark in

1821
Isolation of salicilic acid from

SALICILIN in white willow bark in

\4

1838
OH
Salicilic acid Hoﬁoi .
Pain, antiinflamatory, cardio portective HO o

Salix alba Vitellina-Tristis'

FROM AN HISTORICAL PERSPECTIVE THESE MEDICINE WERE TRUE INNOVATIONS ! TODAY’S
REGULATORY AUTHORITIES WOULD PROBABLY NOT LET THEM PASS THROUGH THE REGISTRATION



case study : 80 % of young adults suffer from acne ‘
Accutane® (isotretinoin) 1969

www.blickamabend.ch



Let‘s do what patient needs next ! .:.

Can you think of any
pharmacological intervention to
alleviate pain of this patient ? /



case study : severe acne :
Hoffmann LaRoche historical breakthrough medicine ‘

HsC CHs CHs CH; O

W o
o retinoic acid

3

CHy CHy CH,

|
X

OH

Isotretinoin, a derivative of
RA (retinoic acid) 1969 ‘o4, Retinol = Vitamin A

Severe acne, ichthyosis, still
standart of care however severe
adverse effects such as birth
defects teratogenicity, dried skin,
suicidal behaviour (!) etc




People suffer from acne also because they are irrespectfully laughed at ‘

EN FINIR AVEC LACNE ! MES
SOLUTIONS, ROACCUTANE

Esteban Munoz
279 k vu 12 17

Roaccutane Daily Skin Vlog -
Month 1

Katie Snooks &
884 k vues

13:21




o Q|
| o, severe acne : accutane (13cis RA) transformation P

éf"j Yy,




case study : 80 % of young adults suffer from acne

THEY LAUGHED AT MY
ACNE

LLAUGHED AT THEIR
FUNERALS

Karate kial is my savior....




Investigative toxicology: excess and/or retinoid deficiencies ‘

. : , THERAPEUTICALLY
Isotretinoin (13-cis RA) like HIGHLY VALUABLE !
excess of Vitamin A AELE REA MIENT |

HYPERTRIGLYCERIDEMIA
RED FLAG: NO CHILD
BEARING WOMEN !

0 Animal teratology studies
B Vitamin A, many retinoids
- produce congenital anomalies in dif ferent species
- Central nervous system, head, limbs,
cardiovascular system defect
® All-trans-retinoic acid (tretinoin)
- Isomer of isotretinoin that is readily formed
when isotretinoin is ingested
- craniofacial abnormalities in rats, rabbits, and monkeys
® Isotretinoin
- produces congenital anomalies in a number of species,
including humans
- Hydrocephalus, microcephaly, ear, face,
limb abnormalities



workshop: excess and/or retinoid deficiencies ‘

Bulging fontanel

THERAPEUTICALLY
HIGHLY VALUABLE !
ACUTE TREATMENT !
HYPERTRIGLYCERIDEMIA
RED FLAG: NO CHILD
BEARING WOMEN
(hydrocephalus,
polydactily etc)




workshop: excess and/or retinoid deficiencies )

RAR/RXR (isotretinoin) dependent nuclear signaling

CHy CHy CHy
9 Retinylesters  Food intake gl [\ oH
“e““.l i 4llnvl oster hvdrola.o(m:m CH3
Intestine CH3

Lecithin retinol acetyl transferase (LRAT) Mother
—— e
SN— L e s e 2l .

— -l

Py B @@ @

|® ﬁ’ -l

vitamin A

‘ Hapameyos retlnol -@
REH '\& : F‘QAG’
3 sunato cell ADH/RDH RALDH

retinol % retinaldehyde — RA ..

¢ @D

ester RA-generating tissue

Retinoic acid availability is a result of a balance between storage (retinyl ester) and production. Its
activity is the result of the balance between CYP26-mediated degradation and binding to its receptor(s).
Its function during embryonic development is tightly regulated by those two processes.



workshop: excess and/or retinoid deficiencies B )

RAR/RXR (isotretinoin) dependent nuclear signaling

CHy CHy CH;
-mw, @/ Retinylesters  Fooditake N N AN ]\
'

s OH
CH,

Retinyl oster hydrola o(Rl»H)
S ﬁ ‘ ‘ \
Intestine
Lecithin retinol acetyl transferase (LRAT) CH3
é Mother

vitamin A 7 non-target tissue
3 Uepamers retinol - RBP4 e ——.
= ol —
HaG, CHs CHa CHa CHy RDH10 |°, RALDH1, 2,3 ﬁ
"0H . -
ADH1,5,7 N CYP1B1 < ol
CYP1B1
All-t tinol
CHs, Ll Retinaldehyde Retinoic acid

Retinoic acid biosynthesis. (A) The oxidation of retinol into retinaldehyde and retinoic acid (RA). Enzymes responsnble for each of the catalytic steps are shown, with enzymes that are



RAR/RXR - dependent nuclear signaling

Anterior Posterior
(rostral) (caudal)
: lab pb Dfd Scr Antp Ubx abd-A Abd-B
Drosophila HOM-C -
Ancestral HOM-C /fl';
r | 2 ; 1
S Al A2 A3 A4 A5 A6 A7 A9 A10 A11 A13
HoxA
BT B2 B3 B4 B5 B6 B7 B8 B9 B13
c
GE! HoxB
] C4 C5 Cs C8 C9 C10 C11C12C13
HoxC
D1 D3 D4 D8 D9 D10 D11D12D13
. HoxD —{——il}—— O—{ 20—

Homology group el Rl LS | 8 R 9 10311218

Transcription
Anterior Posterior
(rostral) (caudal)
d1 d3 da dg8 d9 dio di1 di12
Hoxd
Paralogous 4 N 3 B B ¢ 7 8 9 10 11 12
subgroups
Anterior 3* Hindbrain I Trunk 5° Posterior
Carlv p— Late

High retinoic acid response

Low retinoic acid response

retinoic acid vitamin A

HsC CHs CH, CH; O
S s OH
CH;
CHy CHy CH,

VD N OH
CH,

\

CHy

J.-Y. VOLLMER AND R. G. CLERC




RAR/RXR - dependent nuclear signaling N

Hox complexes have a retinoic acid receptor response element (RARE) in the
DN A before paralogue 1. This DNA enhancer element controls expressionof
many genes in the complex. In retinoicacid teratogenesis, Hox gene expression
borders move into more anterior regions.

B13

Bl B2 B3 B4 B5 B6 B7 B8 B9
H%HIIM -

RARE hindbrain and spinal cord
, mesoderm.__ =~ U
antenor : postenor
/i " s ‘{‘/l’ J |
II ‘.'.jl \ \k 5 o -*“ " . . .
‘-.Zf:;:‘ @\‘%' — 1] ) retinoic aCId
Y (A
HsC CHs CHs CH: O

\\\\OH

CH;

retinoic acid (and 13-cis RA) belong to the retinoid cpd class,
whose potent morphogenic activity cannot be dissociated from
its unique efficacious property in clinical dermatology




workshop: excess and/or retinoid deficiencies B )

RAR/RXR- dependent nuclear signaling

In presence of an excess of retinoids antiproliferative and pro-apoptotic signaling

RA(all-trans)

overcome the dital mitogenic and survival signaling. HsC CHs CH, CH; O
Limb growth is impaired due to massive cell death. WCH
e 1 . ECTODERM
Fk1 ;
l ‘ Arrested or restricied growth
. - T MESENCHYME HyC /\CH
Brrp? ———————¢ DEATH Extension of RA responsive area H3C 3 9_Cis
DEATH | DEATH Apoptosis 9
No bones formed CH; O
RA P ™ N
Sk HsC OH

Type and severity of limb defect depends on period of exposure and duration.
Mouse experiment where RA was given at 1, 2 or 3 successive developmental time points

RA (+)

E1 5'

B
Cyp26b1-l— 25 %35 E12.25 E11.25 E10.25 RA ()
' w

UI




CHy

CHy
PN

CH,

Skeleletal
defects

(cranofacial,

vertebral,
limbs)

-

N\

—

CNS defects

(brain hypoplasia,
spinal chord

-

——

neurons)

>

-

workshop: excess and/or deficiencies of retinoids

OH

Eye defects

(microphtalmia,

coloboma.

\_ retina eversion) /

N\

N\

\
N

/
~

\_‘_'_/

Vitamin A

deficiency :

/

. 4

Lung hypoplosia

Intestinal villi

S

hypoplasia

\-/

4

4

\

Heart and

cardiovascular

defects

Genitourinary

defects

(fused kidneys,
ectopic ureter,
undescended

N
\

testis)

—

/
L

PREVALENCE OF VITAMIN A DEFICIENCY

Map showsng level of serum retinol (an Indica

Data were collected by the World Mealth Organzation between 1995 and 2005 from populations at risk

Lovel of deficiency

VITAMIN A SUPPLEMENT CAMPAIGNS
GOLDEN RICE DISCOVERY IN CH !




Nobody likes scars : 80 % of young adults suffer from acne -




case study : severe acne ; still today the only , last resort” medicine !‘




Historical breakthrough medicines — from today’s perspective ‘

IN THOSE DAYS REGULATORY (FDA; EMEA) WAS EASY: NO “STANDART OF CARE” TO BEAT -NO
PLACEBO CONTROLLED DOUBLE BLIND CLINICAL TRIALS: THESE MEDICINES WERE THE FIRST
“FIRST IN CLASS” ! INVESTIGATIVE TOXICOLOGY AND PRECLINICAL SAFETY BEARLY INEXISTANT-
NO CELLULAR SIGNAL PATHWAY IDENTIFIED ! “ORPHAN DRUGS” NO HUMAN GENOME
SEQUENCE - NO MOLECULAR BIOLOGY - NO TRANSLATIONAL BIOMEDICINE ! TRIAL AND
ERROR APPROACH ! TODAY NO FDA REGISTRATION DELIVERY FOR THOSE WONDER DRUGS !!

Lead
Optimization
and

Process

IN VIVO TOX STUDIES

IN VITRO TOX STUDIES




Safety (acceptable adverse effects) is what patients care first over efficacy ! :.

VALIUM : a game
changer in
psychiatric
therapeutic options
(introducing however
addictive behaviours)

* A BALANCING ACT : NO THERAPIES WITHOUT ADVERSE EFFECTS !
* ANY THERAPEUTIC PHARMACOLOGICAL INTERVENTION SHOULD

HOWEVER BE SAFE, DEVOID OF UNDESIRABLE ADVERSE EFFECTS
* INVESTIGATIVE TOXICOLOGY IS KEY |
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Rosalind Franklin

Chemist

Plate 51

Hopping on giant shoulders

“She was best in science, best at maths,
best in everything. She expected that if
she undertook to do something, she
would be in charge of it.” By the age of
15, over objections from her father, who
thought she should go into social worr,
Franklin decided to become a scientist.

No. a3se  April 25, 1953 NAT

equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.S. Discovery I for their
part in making the observations,

* Young, ¥. B., Gerrard, H., and Jevons, W
11120).

* Loogees-Higwins, M. 8., Mow, Not. Roy. Astro. Soc., Geophye, Supp,,
5, 255 (1999) "

PAil. Mag., 40, 140

* Von Arx, W
(2) (1054
SEkman, V. W, Arkiv. Mat. Astron. Fyeid, (Stoekbeim), 8 (11) (1908),

- Wooats Hole Papers in Phys. Ocearog. Meteor., 11

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

URE 737

i5 a residue on each chain every 3-4 A, in the z-direc
tion. We have assumed an angle of 36° between
adjacent residues in the same chain, so that the
structure repeats after 10 residues on cach chasin, that
is, aftor 34 A, The distance of a phosphorus atom
from the fibre axis is 10 A. As tho phosphates sre on
the outside, cations have easy access to them.

The structuro is an open one, and its water content
is rathor high. At lower water contents wo would
expect the basea to tilt so that the structure could
become more compaat.

The novel feature of the structure is the manner
in which the two chains are hold together by the
purine and pyrimidine bases. The planes of the bases
aro porpendicular to the fibre axis. They are joined
together in pairs, & single base from one chiin being
hvd bond.

E wish to suggest a structure for the salt
of deoxyribose nucleic acid (D.N.A.). This
structure hes novel features which are of considerable
biological interest.
A atructure for nucl acid has already been
proposed by Pauling and Corey'. They kindly made
their manusceript available to us in advance of
publication.  Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. TIn our opinion,
this structure is unsatisfactory for two reasons :
(1} Wa believe thst the material which gives tho
X-ray diagrams is the salt, not the free . Without
the acidic hydrogen atoms it is not clear what forees
would held the structure toj cially a
¢ charged phe
ropel each othor. (2)
distances appear to be too &
Another three-chain struc
geated by Fraser (in the prd
phosphates are on the outsid)
inside, linked together by
structure as described is ratf
this reas

radically]
the salt
acid,
helical ¢

ester g Francis Harry
I'i""l‘:f“f:‘ Compron Crick
ot thon (1916.2004)

not, their
dyad perpendicular to the fibre
axia. Both chaina follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain  loosaly resembles Fur-
berg's* model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
This flgure i purely  the gutside. The configuration
Sastammatic hetwo  of the sugar and the atoms
near it 18 cloze to Furberg's

‘standard confignration’, tho
hechalns  gugar being roughly perpendi-
e tinrics the fbea s  cular to the attached base. There

Thank you
Rosalind !

3 g «d to a single base from the other
chain, 8o that the two lie side by side with identical
z-co-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to cimnidine position 1; purine position 6 to
pyrimidine position 8.

If it is assumed that the bases only oocur in the
structure in the most plausible tautomerie formsa
(that is, with the keto rathor than the ennl con
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine}, and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
& pair, on eithor chain, th thess assunptions

James Dewey Mautice Hugh
Watson Frederick Wilkins
(1928 -) (19162004
deovised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full detasile of the structure, including the con-
ditions aesumed in building it, together with a set
of co-ordinates for the atoms, will be published
olsewhere,

Wa are much indebted to Dr. Jerry Donohue for
constant advice snd criticism, especially on inter-
atomic distances. We have also been stimulated by
& knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr, R. E. Franklin and their co-workers st

D.N.A



The advent of biologicals and biomarkers ‘
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The advent of biologicals and biomarkers
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AbbVie: Humira Sales Amgen: Enbrel Sales Genetech (Roche): Rituxan,
Herceptin, Avastin, and
Lucentis vs. total revenues
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vs. Total Revenues vs. Total Revenues
(2012) (2012)
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W Avastin
Herceptin
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Source: White, 2014.



The looming crisis in drug development : is the future the past only better ?‘

ARRESTED
DEVELOPMENT ?
FINANCIAL CRISIS AND
REGULATORY
PRESSSURES THREATEN
THE DISCOVERY OF NEW
MEDICINE ! AND ITS
LOCAL PRODUCTION

ARRESTED DEVELOPMENT — TOWARDS A NOVEL PARADIGM ?



Drug development : QUO VA DIS ? ':.

* The days where morphine, penicillin,
valium, etc. shaped growth of Eli Lily,
Merck, Roche, Sandoz, Pfizer and Ciba-
Geigy (to cite only the dominant
innovators of the 20" century) are over.

* Large companies became dependent on
pharmaceutical “blockbusters” (over >1 $

: : billion annual sales) that they cannot

Kinch M. et al 2016: “A prescription for a change” UNC Press replace to maintain market expectations.

Mergers, acquisitions and down sizing R+D profoundly affected the ability to
support productive internal R+D programs. Also as a consequence of this turn
around, the number of biotech start-ups is declining.

WHAT DO WE DO ? AN UNPREDENTED EFFORT OF COMMUNICATION BETWEEN
ACADEMIA, COMMERCIAL, FEDERAL AND FINANCIAL INSTITUTIONS AND THE
PUBLIC-PRIVATE PATNERSHIPS WILL BE REQUIRED TO ALLOW TRANSLATIONAL
RESEARCH CONDUCTED AND NEW MEDICINES TO BE DISCOVERED IN THE FUTURE

RARE DISEASES APPROACHES ! LINE EXTENSION IN OTHER DISEASE AREAS !



Chronic Disease Deaths slow in 150 countries - Nature survey 2010-2019 ‘i

MOST AND LEAST IMPROVED

Among 25 high-income countries, the chance of dying from a
non-communicable disease between 2010 and 2019 declined the most
in Denmark, whereas the United States recorded the smallest decline.

Chance of dying from a non-communicable disease
W Women B Men
Denmark United States

2010 2010

2019 27.3% 2019

2010 46.1% 2010

2019 38.1% 2019

onature



WORKSHOP ! . )

* LOOKING INTO
INNOVATIVE
SOLUTIONS TO THE
CURRENT LOOMING
CRISIS

© CRISISINDRUG
DEVELOPMENT

* HOW TO BRIDGE THE
“VALLEY OF DEATH” ?

Kinch M. et al 2016: “A prescription for a change”
UNC Press



WORKSHOP ! B

Jean
Starobinski

‘ HistoRe / / /¢

de la DECOUVERTE / / , 1 1
i P:EDICAMENTSf/ @' Hopping on giant

' shoulders : the advent
of modern medicines :
the fabulous chances

The Life and Legacy of Valium Inventor

o * “CHANCES FAVORS

St S PREPARED MINDS”
||_CHEMISTRY

(Louis Pasteur dixit)




HOME REVIEWING

Review historical drug structures and drug
examples

Look up an historical drug not shown in this
course session S02 and learn about it

Review lecture notes from each session

Formulate Quescussions, be vocal !
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Enjoy an inspiring next week end !

Alv Laiets/GR
O. Kubitz, Aug.'16

ZUNACHST BERGWETTER ... %




Session 2

THANK YOU.......

DO YOU HAVE ANY QUESTIONS ?

—

o |



