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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

Historical perspective: the modern pharmacy

Advent of modern medicines - placebo controlled drug development

Scope of the course _ general organization _ case study   

Embracing a career at the heart of biomedical research !?
Session 1: 

Session 2: 

21.09.23

28.09.23 

12-19.10.23 

26.10.23 

05.10.23 

02.11.23 

Introduction to translational research: crossing the bridge

A chasm has opened wide between biomedical research and patients in need
Session 3: 

Session 4: Therapeutic target identification I & II

“me too” vs a wealth of innovative targets _ small MW cpds vs biologicals
Early front loading of biomarker identification for cohort stratification

Structure based drug design _medicinal chemistry_low/high throughtput

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

Session 5: 

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

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

AAC108

AAC108

AAC014

AAC108

AAC108

AA014

AAC108



Clinical research_ phase 0, phase I, II, III, IV

The long and complex experimental procedures with human patients
Session 10:

In vivo pharmacology, investigative toxicology with Dr Nathalie Brandenberg PhD

Preclinical research ends up with IDB’s, FDA guidelines for FIH
Session 9: 

Personalized Healthcare PHC _ precision medicine

How PHC started: from a single case to a paradigm change
Session 7: 
09.11.23

23.11.23

30.11.23

16.11.23

Health Hackathon – Hacking medicine I with Dr Greg Michielin MD PhD

Pitches –building teams – hacking problem - 5Ws – brainstorm
Session 12:

Health Hackathon – Hacking medicine II with Prof O. Michielin MD - Prof SM Gasser PhD judges 

Building up solutions – make it better - final presentations
Session 13:

14.12.23
starts @ 2PM !

21.12.23
starts @ 2PM !

Session 8: Pharmacogenetic polymorphisms, Pharmacogenomics

Interindividual variability toxicity in response to medicines

The Making Of An Innovative Medicine - course schedule
Thursday‘s @ 4-6 PM except 14.12/21.12.23 @2-6 PM

Intellectual property_ integrity in research_my genome vs our genomes

Why are patents essential to new medicine/biotech development
Session 11:
07.12.23

AAC108

AAC014

AAC108

AAC108

MED21522

AAC108

AAC231



Workshops _ The Making Of 
An Innovative Medicine

(today’s class)

Health
Hackathon

14 &21.12.2023

E D I T I O N 2023



Session 10

• Clinical research_early and late clinical 
trials of novel medicines (internal conference website ICH)

• Submit the IND (to authority and 
ethics body)investigational new drug application IDB

• First-in-human FIH                             
trials 
• Placebo - Nocebo



Clinical research – the ultimate challenge in medical breakthough

• Now that it works in the rat, will it work 
in human ? individualized cohorts ?

?

?



Clinical development – an experiment with human subjects

• Or else...all these 
efforts only good 
for the rats ?

?

?

will it eg. work in 
geriatric clinic ?
sex/age/colour bias ?

Will it work in pediatric clinic ?



Drug discovery : the value chain _ clinical development

PHASE I PHASE IIa PHASE IIb PHASE III POST 
MARKETINGPRECLINICAL

DRUG 
CANDIDATE

PRECLINICAL 
TEST PK/PD-

SAFETY
TARGET 

IDENTIFICATION

CCSCL

SAD MAD healthy 
volunteers (what is 

the best dose 
(safety margin)

does it 
really help 
patients? 

first in class 
drug ?

Post hoc :  
register adverse
effects! business 

case?

FDA/EMEA 
approval !

shows benefit over 
standart-of-care !

which cpd can 
help eg. to 

treat chronic 
pain? 

diabetes?

is my cpd
efficacious and
safe in animal

model ? at what 
dose?

POC

ONE 
DRUG

~ 10 years

~ 1’000’000’000  
CHF

~ 10’000 
animals

~ 1000 
patients/ 

volunteers

~ 6500
expt

~ 450
scientists

The Making Of An Innovative Medicine:
From Idea to Medicine

LIP : life cycle
investment

point

Independent 
advisory board

(DSMB) 
oversight on 
outcome !



The Making Of An Innovative Medicine: a look at the real world



The new medicine develpment process 1:10 000 makes it !

HTS



Clinical development = clinical research

+/-5 years

ETHICS COMITEES ARE INVOLVED IN EACH CLINICAL TRIALS 
PROTOCOLS - EACH CLINICAL TRIAL IS HANDLED NATIONALY 

(SEPARATELY FOR EACH COUNTRY) 

NOWADAYS ADVERSE EFFECTS IN AS FEW AS 1/100 000 PATIENTS MAY 
FORCE WITHDRAWING OF A NOVEL MEDICINE FROM THE CLINIC !

healthy
volonteers
clinical safety

few patients
clinical efficacy

POC
LIP !!

Registration-FDA-
EMA (european medicine
agency) SWISSMEDIC

post hoc 
surveilllance
Phase IV

large 
cohorts
patients

IDB/IND !!
Body on drug



Preclinical-clinical pharmacology : the value chain 



Clinical research portfolio eg Incyte Inc.
https://clinicaltrials.gov



• STRATIFICATION OF THE COHORTS IN GROUP OF 
RESPONDERS – NON RESPONDERS  - PERSONALIZED 
HEALTHCARE !

• DOUBLE BLIND PLACEBO CONTROLLED TRIALS HAVE 
EMERGED AS STANDART APPROVED PROCEDURES FOR 
CLINICAL TRIALS

Clinical research revisited, the responders vs non responders

The “one pill fits all” concept no longer supported as each group of 
individuals carry a different blueprint ! 

An extraneous variable that wholly or partially accounts for the observed 
effect on disease status

“NEGATIVE 
CONFOUNDING 
EFFECTS” MAY 
BLURRED 
EFFICACY OF AN 
INNOVATIVE 
MEDICINE !

Placebo are inert tablets, sugar pills



Clinical research ends up with FDA submission and marketing

The “one pill fits all” concept no longer supported as each group of 
individuals carry a different blueprint ! 

An extraneous variable that wholly or partially accounts for the observed 
effect on disease status



Clinical research explained in 2 minutes by Harvard YOUTUBE !



Clinical research : a 360 degrees view or
becoming a clinical scientist

ETHICS COMITEES ARE INVOLVED IN EACH CLINICAL TRIALS 
PROTOCOLS - EACH CLINICAL TRIAL IS HANDLED NATIONALY 

(SEPARATELY FOR EACH COUNTRY)

Phase IV the safety profile 
of the new medicine
Pharmacovigilance !

Phase 0-I is the 
most risk 

associated clinical 
phase as the 

medicine is going to 
be administrated 

for the first time to 
human

Phase III the security 
efficacy profile of the new 
medicine should be well 

characterized 

Phase II requires the 
technical 

infrastructure to test 
the beneficial 

therapeutic effect
POC

• WHO IS DOING THIS ?

• AN EXPERIMENT WITH 
HUMAN  SUBJECTS !

• MAINLY CARRIED OUT IN 
CLINICAL SETTING, CLOSE TO 
THE EMERGENCY ROOM

• DATA SHOULD/HAVE TO BE 
REPORTED TO A SPONSOR 
INDEPENDANT MONITORING 
BODY (DSMB)

(healthy volonteers)



Clinical research : making it more inclusive



Breaking news November 16. 2023

300 millions subjects with « thalassemia trait »
100’000 people have transfusion-dependent
thalassemia



SOMATIC tissue Crispr/Cas9 genome editing – realistic therapeutic av

The first technology that can basically link any 
disease with a genetic cause

• Clustered Regularly Interspaced Short Palindromic Repeats
• breakthrough technology (a product of basic research : bacterial innate immunity)
• opportunities and challengies for potential clinical applications ! 
• ethical concerns ! off targets ! NGS will be key to safety !
• CRISPR Therapeutics. EDITAS, VERTEX and more with patent pending debates

• Crispr/Cas9 in action

ex vivo somatic cell gene therapy ? 
• sickle cell anemia
• beta thalassemia 
• leukemia  
• SCID
• CF
• …..

SOMATIC gene therapy : realistic  but highly expansive medical 
breakthrough 



Clinical case : sickle Cell disease and b-thalassemia: 
major disorder of b-globin 

Genetic, biochemical, and clinical observations 
suggest a salutary role for HbF in the b-globin 
disorders. 
The sum of this evidence indicates that even 
modest induction of HbF may be sufficient to 
ameliorate SCD, thalassemia

• The terms sickle cell disease (SCD) and b-
thalassemia describe a group of inherited red blood 
cell disorders

• People with SCD have abnormal hemoglobin 
(hemoglobin S) or sickle hemoglobin, in their red 
blood cells, enlarged speen

• Normal red blood cells live about 90 to 120 days, but 
sickle cells last only 10 to 20 days.

• The lack of tissue oxygen can cause attacks of 
sudden, severe pain

• Chief predictor : increased level of fetal hemoglobin

• At the present time, hematopoietic stem cell 
transplantation (HSCT) is the only therapy for SCD. 

b-thalassemia
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Figures 10 and 11. The centralquestion in the
field of beta-thalassaemia is exemplified by the
two children. The child on the left has beta-tha-
lassaemia at its worst: bone marrow expan-
sion, multiple pathological threats, and clinical
deformities, if he had not been transfused he
would be dead. The child on the right is homo-
zygous for a mutation at the same locus as the
other child, and yet is perfectly well.

Figure 13. The two boys
have identical mutations in
the beta-thalassaemia gene
Obviously, the phenotype
needs to be explained by
some other modifications.

.(

Figure 12.Each population exhibits different mutations in the beta-thalassaemia gene.

Beta thalassaemia : large diversity of mutations with different
degrees of severity of symptoms, geographically ww spread



Beta thalassaemia : splenomegali degrees of severity of 
symptoms, geographically ww spread



HbF

Role of BCL11a in developmental regulation of globin genes

Review : Bauer et al. Blood. 2012

Two gene clusters encode the various globins—
the  alpha globin cluster on chromosome 16 
contains the embryonic  gene, and adult 1 and 2 
genes, and the beta cluster on chromosome 11 
holds the embryonic , the fetal G and A, and 
adult  genes (Figure 1).

Adults retain low-level expression of HbF (roughly 
between 0.1% and 1% total hemoglobin), with only 
a subset of erythrocytes possessing measurable HbF

BCL11a

A preponderance of genetic, biochemical, and clinical 
observations suggest a salutary role for HbF in the bglobin
disorders. The sum of this evidence indicates that even modest 
induction of HbF may be sufficient to ameliorate SCD



Sickle cell disease, distinguished by its unique 
hemoglobin structure because of the characteristic 
glutamate-to-valine substitution of BS, was heralded 
as the first “molecular disease

BCL11A  : a master repressor of fetal hemoglobin expression 



Role of BCL11a in developmental regulation of globin genes



BCL1A-HbF repression axis : erythroid enhancer – promoter 

typical enhancer associated marks: 
H3K4me1 and H3K27ac     Bauer D and Orkin S. Current Opinion G+D. 2015

3C (chromosomal conformation capture) demonstrating
promoter-enhancer interactions in the control of BCL11A



Genome-Wide Association Study (GWAS) or Common-Variant Association Study (CVAS), is an 
examination of common genetic variants in different individuals to see if any variant is associated with a 
trait. GWASs typically focus on associations between single-nucleotide polymorphisms (SNPs) and 
major diseases.

Genome-scale chromatin mapping studies have highlighted the enrichment of GWAS variants in 
regulatory DNA elements, suggesting many causal variants may affect gene regulation

GWAS of HbF level have identified trait-associated variants at BCL11A repressor

The transcriptional repressor BCL11A has been validated as a direct regulator of HbF level

Constitutive BCL11A deficiency results in embryonic lethality and impaired lymphocyte development

Erythroid-specific deficiency of BCL11A counteracts developmental silencing of embryonic and fetal 
globin genes and rescues the hematologic and pathologic features of sickle cell disease (SCD) in 
mouse models

Aim : Further understand how common genetic variation impacts BCL11A , HbF level and β -globin 
disorder severity

Background



Comparison of the distribution of the HbF-associated SNPs at BCL11A  
with DNase I sensitivity sites 



In stable transgenic BCL11A  +52.0–64.4 reporter lines at 12.5 dpc, 
circulating primitive erythrocytes failed to stain for X-gal whereas 
definitive erythroblasts in fetal liver robustly stained positive (Fig. 
3B).

The GWAS-marked BCL11A enhancer is sufficient for adult-
stage erythroid expression



the GWAS marked enhancer in erythroid specific



the GWAS marked enhancer deletion induce HbF expression



HbF

Role of BCL11a in developmental regulation of globin genes

Review : Bauer et al. Blood. 2012

Two gene clusters encode the various globins—
the  alpha globin cluster on chromosome 16 
contains the embryonic  gene, and adult 1 and 2 
genes, and the beta cluster on chromosome 11 
holds the embryonic , the fetal G and A, and 
adult  genes (Figure 1).

Adults retain low-level expression of HbF (roughly 
between 0.1% and 1% total hemoglobin), with only 
a subset of erythrocytes possessing measurable HbF

BCL11a

A preponderance of genetic, biochemical, and clinical 
observations suggest a salutary role for HbF in the bglobin
disorders. The sum of this evidence indicates that even modest 
induction of HbF may be sufficient to ameliorate SCD



Summary :

- Identification of GWAS linked enhancers and SNPs that are erythroid specific for the 

regulation of BCL11a and therefore globin genes 

- Disruption of this enhancer would impair BCL11A expression in erythroid precursors 

with resultant HbF derepression, while sparing BCL11A expression in non-erythroid 

lineages.

- They propose the GWAS-identified enhancer of BCL11A  as a particularly promising 

therapeutic target for genome engineering in Globin disorders .

• The effect of SNPs variants on HbF level seems moderate / Weak

• The SNP rs…07 is located in DHS +62 that seems less important that the DHS +55  for 

BCL11a expression

Disruption of BCL11A enhancer leads to HbF derepression

HbA

a2b2

HbF

a2g2



• Application of CRISPR-Cas9 genome editing, saturating mutagenesis of non-
coding elements in situ, to provide information about organization and function of 
the BCL11A erythroid enhancer

• High-resolution, high-throughput pooled tiling sgRNA screening reveals 
underlying enhancer sequence requirements approaching nucleotide resolution

• Apparent sequence conservation at the BCL11A enhancer masks underlying 
functional divergence

• Enhancer disruption by individual sgRNAs in primary erythroid precursors results 
in substantial HbF induction

HSC from patients 

CRISPR for partial BCL11a enhancer deletion

Erythrocytes-specific repression of BCL11A
à derepression of HbF genes
à Attenuation of Sickle disease effects
à No effect on the other cell types  ?

BCL11A enhancer editing in situ by saturation mutagenesis



Clinical research – the ultimate challenge in medical breakthough

• Now that it works in the rat, will it work 
in human ? individualized cohorts ?

?

?



Nature Magazine breaking news.  Nov 16. 2023



“Casgevy” uses CRISPR human genome editing tool :
therapeutic genome editing of the BCL11A enhancer

• Correction of b-hemoglobin disorders allowing derepression of HbF and sparing non 
erythroid functions by disruption of the enhancer

UK Cost : US $ 2 millions per 
patient



BREAKING NEWS



Bluebird - Zynteglo: beta thalassemia innovative gene therapy medicine

Zynteglo™ is a one-time gene
replacement therapy that targets the 
main cause of transfusion dependent
thalassemia TDT



Innovative medicine development : breaking news



BIO 698 mid-term course evaluation FS2023
(your input is much valued thank you !)



BIO 698 mid-term course evaluation FS2023  (your input was much valued thank you !)

09 questionnaires back from
16 IS academia participants


