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Illness is the night-side of life, a more onerous citizenship.

Everyone who is born holds a dual citizenship, in the 
kingdom of the well and in the kingdom of the sick.

Although we all prefer to use only the good passport, 
sooner or later each of us is obliged, at least for a spell, to 
identify ourselves as citizen of the other place.

Susan Sontag

Susan Sontag, USA  1933-2004

Each of You Knows a Relative, a Friend, a Neighbor 
Who Suffered from a Disease

SHAPING THE FUTURE OF MEDICINE  EPFL SFM Prof Roger G. Clerc

DO WHAT PATIENTS NEED NEXT !



Stroke and acute heart failure : the unstable atheroma plaque

at histopathological
level

at molecular mechanism



The Making Of An Innovative Medicine – class schedule
Thursday‘s @ 4-6 PM except 04.12/11.12.25 @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: 

11.09.25

18.09.25 

02-09.10.25 

16.10.25 

25.09.25 

30.10.25 

Introduction to translational research: crossing the bridge
A chasm has opened wide between biomedical research and patients in need

Session 3: 

Sessions 4-5: 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 optimization_ML-powered screens
Setting up screening assays, the robotics, the million cpds librairies

Session 6: 

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

CM013

CM013

CM013

CM013

CM013

CM013



Workshops
The Making Of An 

Innovative Medicine
(today’s class)

Health Hackathon
4.12 &11.12.2025

E D I T I O N 2025

Prof O Naveiras Prof J Shukry



Session 7  : biologicals – biotherapeutics :
older and emerging therapeutic modalities

• Therapeutic peptides, eg. insulin, incretins, hormones 
• Monoclonal antibodies mono, bi, tri-specific, armed
• Novel therapeutic modalities, DNA, RNA, Macrolides, non 

biologicals complex drug (NBCDs)

• Costs of goods  NME’s vs NBEs – healthcare payers ! ££$$

ASOs
(antisense oligonucleotides)

RNAs
(miRs, siRNAs etc)

PeptidesMABs



The biggest risk is NOT to get a medicine !
productivity declines – why ?

« user free act »



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

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

• ONCE THE BIOLOGICAL TARGET TO BE ADDRESSED 
HAS BEEN IDENTIFIED, MOLECULAR BIOLOGISTS 
START TO DESIGN A BIOLOGICAL WITH THE RIGHT 
CHARACTERISTICS TO BECOME A MEDICINE



which cpd, 
therapeutic 

modalities can 
help eg. to treat 

chronic pain? 
Diabetes? a rare 

disesase?

DRUG 
CANDIDATE

PRECLINICAL 
TEST PK/PD-

SAFETY

TARGET 
IDENTIFICATION

CCSCL

is my biologic
safe in animal 

model? at 
what dose?

PATIENT

ONE 
DRUG

~ 10 years

~ 1’000’000’000  
CHF

~ 10’000 
animals

~ 1000 
patients/ 

volunteers

~ 6500
expt

~ 450
scientists

Do we have 
compelling genetic 

evidence underlying 
the 

symptoms/disease 
phenotype?

Is the 
therapeutic 

target 
«druggable» ?

BIOMARKER

Therapeutic modality selection

Target validation



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

essentially
two options



Large complex macromolecules for non small MW druggable targets



BIOLOGICALS - NBEs VERSUS CHEMICALS - NMEs

When a small MR 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”!



MABs biotherapeutics and safety

Aspirin half life 1h ;  mAB several weeks !



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



Immunoglobin as biotherapeutics on the rise

BIOLOGICALS are increasingly being 
developed as INNOVATIVE MEDICINE 

2022 FDA approvals 2023 FDA approvals



Degree of complexity of target modalites comes with challenges !

MABs



The adaptive humoral immune response



Monoclonal antibodies _ mABs

antigen

Glycan
on the Fc part

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



Immunoglobin as biotherapeutics in various clinical setting

S. Kronenberg 2017

BIOLOGICALS are increasingly being 
developed as INNOVATIVE MEDICINE 



Several distinct classes of Immunoglobins
IgGs most prevalent biotherapeutics



mABs in drug research



IgG1 is the most common in serum

antibody dependent cell cytotoxicity



Several distinct classes of Immunoglobins
IgGs most prevalent biotherapeutics



At the core of MABs : the Roche Basel Institute of Immunology :
”NL - hybridoma technology»



Monoclonal antibodies _ mABs in new medicine development

(also CVD, AZ etc)

/trispecific

Wu et al (2020) Nature cancer 1:86-98

Tri-specific MABs enhance therapeutic
efficacy through T cell receptor co-
stimulation (blocking Bcl-x)



Humanization/fully human Immunoglobins have improved patient safety
(idiosyncratic immune reactions - anaphylactic shock)



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



Biologicals - large scale production challengies

Cell lines (eg CHO) are reprogrammed 
with expression DNA vectors to 

ectopically express bona fide biologicals

Pilot (1 liter fermenter)and large scale 
(1000 l 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 106 $$ costs !

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)



Biologicals – challenges of large scale production

GMP PRODUCTION : A MULTISTEP PROCESS THAT REQUIRES STRICT CONTROLS 

BIOTECHNOLOGY: KING IN THE KINGDOM OF UNCERTAINTY ?

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

of biologicals ? 



Biologicals - large scale production in Basel – Avastin production

GMP PRODUCTION OF AVASTIN (hVEGF MAB)

oncology
ophtalmology AMD
(controversy Lucentis)

Cancer patient life extension : average 4.7 months (phase 3 trials)
20’000.-US $ /y/patient
5mg/kg bi-monthly iv dose, 120mg/y

100mg



Biologicals - large scale production in Basel – Avastin production

GMP PRODUCTION OF AVASTIN (hVEGF MAB)

Controversy Lucentis vs Avastin off label

oncology
ophtalmology AMD
(controversy Lucentis)

100mg



More pioneer champions in Mabs biologicals

• 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 $ a month



mABs in clinical practice 
oncology, neurology, 

inflammation (01. 2019)



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

• Adalimumab : entirely humanized monoclonal 
antibody to TNFalpha cytokine

• Double response rate of methothrexate
• Resistance : non responders to adalimumab !
• Patient costs : 5,000 US $ a month



The neonatal Fc receptor FcRn is unable to present AG but binds IgGs
and albumin at low pH and regulates half lifes of both proteins

FcRn neonatal receptor belongs to a divergent family of MHC molecules



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

Glycosylation pattern may influence the biology and therapeutic index of mABs



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

Glycosylation pattern may influence the biology 
and therapeutic index of mABs



Distinct immune check point blockers
or how to boost immunity against tumor cells



Immune checkpoint blockade : time line

- 2018 Honjo T. (PD1) Allison JP. (CTLA-4) Nobel Laureates in medicine and physiology



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

Cancer cell



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

• T-reg Nobel  laureate 2025 Sakaguchi S, Brunkow M Ramsdell F.



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

Of note SMW cpds are in 2022 in clinical trials as 
inhibitors targeting PD1/PDL1 ! (cost of good !)



Ipilumab, pembrolizumab : therapy for the treatment of
metastatic melanoma

Of note SMW cpds are in 2022 in clinical trials as 
inhibitors targeting PD1/PDL1 ! (cost of good !)



pembrolizumab : therapy for the treatment of metastatic
melanoma ; the J Carter success story -2015-2024-

pembrolizumab : the J. Carter success story in metastatic melanoma diagnosed in 
2015, exitus in 2024, almost 10 years relapse free liver surgery, radiotherapy included !



“armed” biologicals – “smart” biopharmaceuticals



“armed” biologicals – “smart” biopharmaceuticals
therapeutic antibodies with enhanced activities 



“armed” biologicals – ADCs -combining precision medicine with chemo-
radio-therapy

“smart biologicals” : tomorrow 
magic bullet in medicine ?

Custom made antibody 
therapeutics armed with 

chemotherapy (eg alpha amanitin)

Cell type and therapeutic target -
specific chemotherapy

Antibody drug conjugates (ADC)- 
chemotherapy tubulin inhibitor

T-DM1 (trastuzumab emtansine) 
recently entered clinics for resistant 

HER2 positive breast cancer

Bispecific antibodies: magic 
bullet in medicine or 

immunosafety nightmare ?

DM1

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



“armed” biologicals – ADCs -combining precision medicine 
with chemo-radio-therapy



Common metastatic sites in breast cancer



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

TNBC are negative for ER, PR and HER2 – represents 15-20% of invasive BC

Initial 
large size 
tumor

circulating
tumor
cells CTCs



“armed” biologicals – Sacituzumab
In non ER+, PR+ and Her2+ triple negative breast cancer



“armed” biologicals – eg. in triple negative breast cancer TNBC
(FDA fast track sacizutumab 2021 when Kadcyla fails) 

irinotecan like

7 molecules of highly toxic topoisomerase inhibitor
irinotecan/hu IgG1



“armed” biologicals – ADCs -combining precision medicine with chemo-
radio-therapy

DM1

Van Epps and Senter PD. 2019. Nature Chemical Biology 15:934-

ADCs can be conjugated to other types of molecules, such as 
oligonucleotides,radionuclides,protein toxins.



Her2 (EGFR) is amplified in 10% of breast and gastro oesophagal cancer

human
epidermal
receptor

trastuzumab
(Herceptin)
trastuzumab-
DM1 (Kadcyla) 



Engineering IgG can be used to modulate FcR interaction

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

Fc part has two complement binding sites



Fc receptor driven effector functions independent to antigen binding

contribute to host defense : long half life of IgG



Fc receptor driven effector functions independent to antigen binding

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

Glycosylation pattern may influence the biology and therapeutic index of mABs



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

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

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



mABs in drug development



Mechanisms of adverse effects with mABs



Mechanisms of adverse effects with
mABs eg TGN1412

MABs are subjected to intense scrutiny in drug safety and development



MABs are subjected to intense scrutiny in drug safety and development

human epidermal receptor

trastuzumab (Herceptin)
trastuzumab-DM1 (Kadcyla) 



MOLECULAR BIOLOGY COMPLEX INCLUDING 
PATIENT HETEROGENEITY SAFETY HURDLE !

MABs are subjected to intense scrutiny in drug safety and development



Peptides vs small MR compounds

Peptides are increasingly being developed as innovative medicine ! 
Pharmacological intervention on protein:protein interactions !

• 95% current
medicines

Peptides



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



Challenging MDO (multiparameter drug optimization) for peptides

• Several blockbuster peptide drugs are currently on the market
• 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. 



Challenging MDO (multiparameter drug optimization) for peptides



Historical perspective : Langerhans islets – bcells -  insulin

INSULIN – FIRST BIOLOGICAL 
• A century old peptide 

medicine that revolutionized 
therapies of type I diabetic 
patients and later challenged 
biotechnology

• A far reaching clinical 
revolution without 
precedent

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

1869 P. Langerhans describes islets from
pancreas
1889 Von Mehring : total pancreatectomy
in dogs is followed by severe diabetes

1921
F Banting-C.Best Beagle dogs



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

« Inventas vitam 
iuvat excoluisse
per artes »

Prof Banting and McLoad 1929



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



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



Advanced type II diabetes : peripheral ischaemia-necrosis

MEDICAL NEED : 
IMPROVE INSULIN 
SENSITIVITY ASAP ! 

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Insulin seringes, automatic pumps connected to acucheck
today‘s reality in clinical practice with both type I and II diabetics



ww pandemia – 4 fold prevalence increase in young adults !  



Metabolic diabesity syndrome : a public health challenge



Metabolic syndrome : a public health challenge



Metabolic syndrome : when patients become insulin resistant

Metabolic Sydrome and Tissue-Tissue Cross Talk
MEDICAL CHALLENGE : COMPLEX TRAITS DISEASE : 
GENETICS AND ENVIRONEMENT PLAY A COMBINED ROLE

Gubener Plastinate GmbH
Guben Germany



Stroke and acute heart failure : the unstable atheroma plaque

at histopathological
level

at molecular mechanism



University sport activities :
my contribution - bike tour 
800 km 5 days on my bike ! 

KIT



metabolic syndrome pandemia :
best preventive medicine : exercise every day !

2020



Type II diabetes and metabolic syndrome pandemia :
best preventive medicine : exercise every day !

Risk factors involved in life expectancy reduction in developed countries (loss of lived years) 
(adapted from WHO 2009 from Prof V Gremaux CHUV UNIL)

Lack of 
physical
acitvity





Type II diabetes and metabolic syndrome pandemia :
best preventive medicine : exercise every day !

BENEFITS OF PHYSICAL ACTIVITY :
THE SEDENTARITY DISEASES



Peptide drugs – GLP1r and incretins

• GLP1 receptor agonists (incretins) from gut L cells have entered the clinics in the last decade

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

average glycemic level over 4-6 w !



Advanced type II diabetes : peripheral ischaemia-necrosis
Insulin resistance as a consequence of obesity

MEDICAL NEED : IMPROVE 
TYPE II DIABETES USING A 
MEDICINAL CHEMISTRY 

DESIGN

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Progression to type II diabetes :
pancreatic beta cells exhaustion

 pathophysiology of an insidious disease

b-cell failure and
insulin resistance

Early diabetes

Late diabetes
hyperglycaemia

Pre-diabetic/obese
Impaired
glucose

tolerance

Obese
Peripheral

insulin
resistance

Prevention
• insulin sensitization
• organoprotection ?
• decrease vascular risk? 

Intervention
• Normalize glucose        
• Preserve b-cell insulin?
• decrease vascular risk? 

Vascular
complications

modified from MR Taskinen

    diet

Stage      I                      II               III                   IV

insulin
Environment + “obesigenes”

                                 “+diabetogenes”



Physiopathology of metabolic syndrome : when patients become insulin resistant

Metabolic Sydrome and Tissue-Tissue Cross Talk
MEDICAL CHALLENGE : COMPLEX TRAITS DISEASE : 
GENETICS AND ENVIRONEMENT PLAY A COMBINED ROLE

Gubener Plastinate GmbH
Guben Germany



Type I diabetes develops as an auto immune disease
(prevalence 5-10% of all diabetic patients)

Nature News July 21. 2023
SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



GLP1-2 agonists - originally developed in type 2 diabetes
insulin resistance pathologies !  



The advent of the glucagon peptide superfamily – 1980-1990s

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



THE JOURNAL OF BIOLOGICAL CHEMISTRY Vol. 267, No. 11, Issue of April 15, pp. 7402-7406,1992 
Printed in (I. S. A. 

Isolation  and  Characterization of Exendin-4, an Exendin-3 Analogue, 
from Heloderma suspecturn Venom 
FURTHER EVIDENCE FOR AN EXENDIN  RECEPTOR ON DISPERSED ACINI FROM GUINEA PIG 
PANCREAS* 

(Received for publication, August  12,  1991) 

John EngSBlI,  Wayne A. KleinmanS,  Latika  Singhll,  Gurcharn Singhi(, and Jean-Pierre Raufmanll 
From the $Solomon A. Berson Research Luboratov, Veterans Affairs Medical Center, Bronx, New  York 10468, the $Department 
of Medicine, Mount Sinai School of Medicine, New  York,  New  York 10029, and the I( Department of Medicine,  Division of 
Digestive  Diseases, State University of New York-Health Science Center, Brooklyn, New  York 11203-2098 

The  recent  identification  in Heloderma  horridurn 
venom  of exendin-3, a  new member  of  the  glucagon 
superfamily  that  acts as a  pancreatic  secretagogue, 
prompted a  search  for  a  similar  peptide  in Heloderma 
suspecturn venom. An amino  acid  sequencing  assay  for 
peptides  containing  an  amino-terminal  histidine resi- 
due  (His’) was used to isolate a  39-amino  acid  peptide, 
exendin-4, from H. suspecturn venom. Exendin-4 dif- 
fers from exendin-3 by two amino  acid  substitutions, 
Gly2-GluS  in  place  of  Ser2-Asp’,  but is otherwise iden- 
tical. The  structural  differences  make exendin-4 dis- 
tinct from exendin-3 in its bioactivity. In dispersed 
acini from  guinea pig pancreas,  natural  and  synthetic 
exendin-4 stimulate  a  monophasic  increase  in CAMP 
beginning at 100 p~ that  plateaus at 10 nM. The ex- 
endin-4-induced  increase  in CAMP is inhibited pro- 
gressively by increasing  concentrations  of  the  exendin 
receptor  antagonist, exendin-(9-39) amide.  Unlike ex- 
endin-3, exendin-4 does  not  stimulate  a  second rise in 
acinar cAMP at  concentrations >lo0 nM, does  not  stim- 
ulate amylase  release,  and  does  not  inhibit  the  binding 
of radiolabeled  vasoactive  intestinal  peptide  to acini. 
This indicates  that  in  dispersed  pancreatic  acini, ex- 
endin-4 interacts  only with the  recently  described ex- 
endin  receptor. 

An assay for His’ peptides was recently used to identify the 
presence of helospectin and a new, previously unrecognized 
His1-Phe‘ peptide in Heloderma horridurn venom (1). This 
new peptide, designated exendin-3, is a pancreatic  secreta- 
gogue. At concentrations greater than 100 nM, exendin-3 
interacts with VIP’ receptors on guinea pig pancreatic acini 
to stimulate an increase in cellular cAMP and amylase release 
(2). At lower concentrations (0.1-10 nM), however, exendin-3 
interacts with a putative exendin receptor that causes an 
increase in acinar cAMP but  not amylase release. This con- 
clusion is based on the observation that increasing concentra- 
tions of a specific antagonist, exendin-3-(9-39) amide, pro- 

* This paper was supported in part by the Department of Veterans 
Affairs. The costs of publication of this article were defrayed in part 
by the payment of page charges. This article must therefore be hereby 
marked “aduertisement” in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

ll To whom reprint requests and correspondence should be ad- 
dressed Solomon A. Berson Research Laboratory, Veterans Affairs 
Medical Center, Bronx, NY  10468.  Tel.:  212-584-9000  (ext. 6069). ’ The abbreviations used are: VIP, vasoactive intestinal peptide; 
PTH, phenylthiohydantoin; HPLC, high performance liquid chro- 
matography. 

gressively inhibit exendin-3-induced increases in cAMP (2). 
Because venom from a closely related lizard, Heloderma sus- 
pecturn, has been shown to contain helodermin (3), a peptide 
closely related in structure to helospectin (4), a search was 
undertaken for a His’ peptide in H. suspecturn venom that 
might be analogous to exendin-3. We report the isolation from 
H. suspecturn venom of such an analogue that has been named 
exendin-4. Exendin-4, unlike exendin-3, is not a pancreatic 
secretagogue. Instead, it  interacts exclusively with the newly 
described exendin receptor (2) to increase pancreatic acinar 
CAMP. 

MATERIALS AND METHODS 

H. suspectom venom (lots HS19SZ and HS2OSZ) was purchased 
from Miami Serpentarium Laboratories (Salt Lake City, UT). Di- 
phenylcarbamyl chloride-treated trypsin was purchased from Sigma. 
Endoproteinase Asp-N was purchased from Boehringer Mannheim. 

His’ Assay and Amino  Acid Sequencing-Amino-terminal amino 
acid analysis was performed by a single cycle  of Edman degradation 
using an automated gas phase protein sequenator in combination 
with an on-line PTH-amino acid analyzer (Applied Biosystems, Fos- 
ter City, CA). PTH-His was positioned to elute between PTH-Ala 
and PTH-dehydro-Ser. Purified peptides and peptide fragments were 
sequenced with the gas phase sequenator. 

Isolation of His’ Peptides from Heloderma Venom-Venom (25 mg) 
was dissolved in distilled water (10 mg/ml) and passed through a CIS 
Sep-Pak cartridge (Waters Associates, Milford, MA). The Cls car- 
tridge was washed with 5 ml  of water and eluted with 2 ml  of 0.1% 
trifluoroacetic acid, 60% acetonitrile. Peptides in the eluate were 
separated by HPLC on  an 8 mm X 10-cm pBondapak C18 Radial-Pak 
column (Waters Associates). The column was eluted with a linear 
gradient (20-60%) of acetonitrile in 0.13% heptafluorobutyric acid at  
a flow rate of 1 ml/min. One-minute fractions were collected, and 
aliquots were assayed for His’ content. 

Enzyme Cleavages-Purified exendin-4 (5-20 nmol)  was digested 
with 0.2 pg  of trypsin  or with 0.2  pg  of endoproteinase Asp-N. The 
peptide fragment exendin-(9-39) amide was prepared as described 
previously (2). Although this fragment was previously referred to as 
exendin-3-(9-39) amide (2), the name has been shortened to exendin- 
(9-39) amide to indicate that  the carboxyl-terminal 31 amino acids 
of exendin-3 and exendin-4 are identical. Peptide fragments were 
purified by HPLC on a Nova Cls Radial-Pak column (Waters Asso- 
ciates). 

Amino  Acid Analysis-Peptides were dried and hydrolyzed with 
gas phase 6 M HC1 at  150 “C for 60 min. Amino acids were analyzed 
with an automated  amino acid derivatizer (Applied Biosystems) con- 
nected to  an on-line phenylthiocarbamyl-derivative amino acid ana- 
lyzer. 

Mass Spectrometry-The mass of the COOH-terminal fragment 
generated by trypsin digestion of exendin-4 was determined by fast 
atom bombardment-mass spectrometry. Mass accuracy of greater 
than kO.1 unit was achieved by peak matching to appropriate cesium 
chloride cluster ions. Fast atom bombardment-mass spectrometry 
was performed by the Laboratory for Macromolecular Analysis at  the 
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Purification and Structure of Exendin-3, a New Pancreatic 
Secretagogue Isolated from Heloderma horridurn Venom* 

(Received for publication, April 10, 1990) 

John Eng@Y, P. C. Andrewsll, Wayne A. Kleinman$, Latika Singh**, and Jean-Pierre Raufman** 
From the @olomon A. Berson Research Laboratory, Veterans Affairs Medical Center, Bronx, New York 10468, the SDepartment 
of Medicine, Mount Sinai School of Medicine, New York, New York 10029, the 11 Department of Biological Chemistry, 
University of Michigan Medical School, Ann Arbor, Michigan 48109, and the **Department of Medicine, 
State University of New York-Health Science Center, Brooklyn, New York 11203 

An amino-terminal histidyl structure (Hisl) is char- 
acteristic of most peptides in the glucagon superfamily. 
An assay for His’ peptides performed by amino-ter- 
minal amino acid sequencing was used to screen venom 
from the Gila monster lizard, Heloderma horridum. 
Two His’ peptides were identified: helospectin and a 
new His’ peptide that has been named exendin-3 to 
indicate that it is the third peptide to be found in an 
exocrine secretion of Heloderma lizards which has 
endocrine activity, the first two being helospectin (ex- 
endin-1) and helodermin (exendin-2). In the lot of H. 
horridum venom tested, exendin-3 was 5-lo-fold 
more abundant in molar concentration than helospec- 
tin. The structure of exendin-3 was analyzed by amino 
acid sequencing and mass spectrometry. Exendin-3 is 
a 39-amino acid peptide with a mass of 4200. It con- 
tains a carboxyl-terminal amide and has a strong ho- 
mology with secretin at its amino-terminal 12 amino 
acids. The complete structure of exendin-3 is His-Ser- 
Asp-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln- 
Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-Ile-Glu-Trp- 
Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro- 
Pro-Ser-amide. It is 32 and 26% homologous with he- 
lospectin and helodermin, respectively. It has greatest 
homology with glucagon (48%) and human glucagon- 
like peptide-l (50%). Exendin-3 (3 PM) stimulated in- 
creases in cellular CAMP and amylase release from 
dispersed guinea pig pancreatic acini. 

The glucagon superfamily consists of a diverse group of 
biologically active peptides that are structurally related by 
having an amino-terminal histidine residue (His’) and a phen- 
ylalanine residue at position 6 (Phe’) (1) or one of several 
variant structures such as Tyr’-Phe’ (2, 3), His’-Tyr’ (4), or 
His’-Leu’ (5). An assay for His’ can potentially be used to 
identify peptides belonging to this family. Although special 
chemical methods have been reported for the detection of 
His’ peptides (6, 7), a more general method of assaying for 
His’ is amino-terminal amino acid sequencing. This assay 
was used recently to monitor the purification of glucagon from 
chinchilla pancreas (8). To test the hypothesis that His’ is a 
chemical marker for biologically active peptides, amino-ter- 

* This work was supported in part by the Department of Veterans 
Affairs. The costs of publication of this article were defrayed in part 
by the payment of page charges. This article must therefore be hereby 
marked “aduertisement” in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

B To whom correspondence should be sent: Solomon A. Berson 
Research Laboratory, Veterans Affairs Medical Center, Bronx, New 
York 10468. Tel.: 212-584-9000 (ext. 1710). 

minal sequencing was used to screen for new His’ peptides 
that might be members of the glucagon superfamily. Gila 
monster venom was chosen for screening because venoms 
from Heloderma suspectum and Heloderma horridurn had been 
shown previously to contain two biologically active His’-Phe’ 
peptides, helospectin (9) and helodermin (10). When H. hor- 
ridum venom was examined with the His’ assay, a previously 
unrecognized His’-Phe’ peptide was detected. In this study, 
we report the purification and structural characterization of 
this new peptide. It is named exendin-3 to identify it as the 
third peptide found in an exocrine secretion of Heloderma 
lizards which has endocrine activity. Like the earlier exendins, 
it is a pancreatic secretagogue. 

MATERIALS AND METHODS 

H. horridum venom (lot 74F-0240), diphenylcarbamyl chloride- 
treated trypsin, carboxypeptidase Y, and carboxypeptidase P were 
purchased from Sigma. Endoproteinase Glu-C (V8 protease) was 
purchased from Boehringer Mannheim. 

His’ Assay and Amino Acid Sequencing-Amino-terminal amino 
acid analysis was performed by a single cycle of Edman degradation 
using an automated gas-phase protein sequenator in combination 
with an on-line PTH’-derivative analyzer (Applied Biosystems). The 
molarity of the analyzer’s weak solvent was adjusted to position 
PTH-His to elute between PTH-Ala and PTH-dehydroser. Purified 
peptides and peptide fragments were sequenced with the gas-phase 
sequenator. 

Isolation of His’ Peptides from Heloderma Venom-Venom (25 mg) 
was dissolved in water to a concentration of 10 mg/ml and passed 
through a C,” Sep-Pak cartridge (Waters Associates, Milford, MA). 
The C,, cartridge was washed with 5 ml of water and eluted with 2 
ml of 0.1% trifluoroacetic acid, 60% acetonitrile. Peptides in the 
eluate were separated by HPLC on an 8-mm x lo-cm MB CIR Radial- 
Pak column (Waters Associates). The column was eluted with a linear 
gradient from 20 to 60% acetonitrile in 0.13% heptafluorobutyric acid 
at a flow rate of 2 ml/min. One-minute fractions were collected. 
Aliquots from each fraction were assayed for His’ content. 

Enzyme Cleauages-Purified exendin-3 (10 nmol) was dried and 
digested separately with 0.2 fig of trypsin or 2 Kg of V8 protease in 
0.1 ml of 0.1 M ammonium bicarbonate overnight at room tempera- 
ture. Peptide fragments were purified by HPLC on a Nova CIK Radial- 
Pak column (Waters Associates). The elutions were performed with 
a linear gradient from 0 to 40% acetonitrile in 0.1% trifluoroacetic 
acid at a flow rate of 1 ml/min. 

Exendin-3 (1 nmol) was incubated with carboxypeptidase Y or 
carboxypeptidase P (1 pg each) in 0.05 ml of 0.05 M sodium acetate, 
pH 5.5, at room temperature for timed intervals up to 6 h. Aliquots 
from the mixtures were analyzed for release of free amino acids. 

Amino Acid Analysis-Peptides were dried and hydrolyzed with 
gas-phase 6 M HCl at 150 “C for 60 min. Amino acids were analyzed 
with an automated amino acid derivatizer (Applied Biosystems) con- 
nected to an on-line phenylthiocarbamyl-derivative analyzer. 

’ The abbreviations used are: PTH, phenylthiohydantoin; HPLC, 
high pressure liquid chromatography; FAB-MS, fast atom bombard- 
ment-mass spectrometry; VIP, vasoactive intestinal peptide. 
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Papers : the advent of the glucagon peptide superfamily - 1990s



Peptide drugs – when pharmaceutical sciences grab into the wild

Exenatide (Byetta. Lilly) is a 
synthetic version of exendin-4



Peptide drugs – GLP1 and incretins

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

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

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

peptide 
ADME 
properties

7 37



Obesity is associated with multiple complications
BMI>30 carry hazard ratio for overall mortality elevated more than 40%

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



Peptide drugs – incretins – GLP1 GLP2  agonists in diabetes 
– vs DPP4 inhibitors - gliptins

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



Peptide drugs – GLP1r incretins
lowering blood glucose, gastric emptying and body weight control 

GLP1 GIP1 receptor agonists (incretins) from gut cells 
have entered the clinics in the last decade in the 
management of diabetes type II and as a ”surprise” 
during late phase clinical trials in the obesity (BMI>30) 
first approved peptides drawback: short half life, hence 
recurrent injections (invalidating patient care)

average glycemic level over 4-6 w !



Peptide drugs – GLP1 receptor and incretins

• GLP1 receptor agonists (incretins) from gut L cells-ileum/colon- have 
entered the clinics in the treatment of diabetes type II, drawback: short 
half life

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

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

peptide 
ADME 
properties

7 37



GLP1 peptides in drug research and development

• 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 II 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.

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



INCRETINS : a salamander saliva poison peptide is turning a « game
changer » in the management of metabolic diseases – T2D/pandemia

incretins : the wonder medicines ?!



Semaglutide ; synthetic peptide with improved PK PD



Total by Gene Family

Other: (single member 
families) 56

monoamine oxidase 2

short-chain dehydrogenases/
reductases 2

serine proteinase - 
S1(trypsin-like) 3

sodium-neurotransmitter 
symporter 3

cyclooxygenase 3

phosphodiesterase 3

dihydrofolate 
reductase 3

topoisomerase II 4
serine proteinase - S11 3

cytokine receptor - type II  2

cytochrome P450 4

ligand-gated ion channel 4

penicillin-binding protein 1a; 
2; 2B homolog 4

nuclear hormone receptor 14

voltage gated 
calcium channel 2

rhodopsin-like GPCR 37

cytokine receptor - type I  6
cation transport ATPase 2

SLC12A family 2
oxidoreductase 2

23%

9%

4%

35%

GPCRs are the most precedented drug target family

14%

Kinase 16%

16%



37% (n=516) of all approved medicines act on GPCRs :
the largest drug target family by 2024

• 800 GPCRs (current estimate)
• 121 drugged GPCRs (2024)
• 516 GPCRs based approved medicines
• ie. 37% of all approved medicines

Sanchez Lorente J et al  Nature Reviews drug discovery 2025
https://doi.org/10.1038/s41573-025-01139-y



GLP1-2 agonists – turning «unexpected» during the clinical
trials an obesity medicine and perhaps more !  



Tennis star effect on biologicals production – incretins shortage

• Redirect/misuse of incretins have 
geopardized drug makers production 
lines of life threating medicines : T2D 
patients in danger !

• Incretins are designed for patients 
suffering from metabolic diseases such 
as  diabetes and not for popstars and 
social media influencers promulgating 
pharmacological solutions in weight loss 
by convenience (instead of promoting 
diet and exercise !)

• Pharma/Biotech production shortage !!
SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



Popstars effect and biologicals - incretins

• Redirect/misuse of incretins have 
geopardized drug makers 
production lines of life threating 
medicines

• Incretins are designed for 
patients suffering from metabolic 
diseases such as  diabetes and 
not for popstars and social media 
influencers promulgating 
pharmacological solutions in 
weight loss by convenience 
(instead of promoting diet and 
exercise !)



Overall sales of «blockbusters» : medicines reaching yearly ≥ 1 billion US$ revenue

2x109 US$ (sales 2024) 1x109 US$ (sales 2001)

Yearly sales of Roche Rocephin from 2000 to 2006



Overall sales of «blockbusters» : medicines reaching yearly ≥ 1 billion US$ revenue
statins still most ever sold medicine

12x109 US$ (sales 2006)

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



when new «reversed» therapeutic modalities arise ?!  

SMW GLP1 agonists in clinical trials : new oral incretin
mimetics work in progress !



SMW oral GLP1 agonists : away from biologics !
developing nonpeptidic small-molecule drugs targeting GLP-1R remains a challenge

Purpose

Efficacy of CT-996, an Oral 
Small Molecule GLP-1 
Receptor Agonist, in Human 
GLP-1 Receptor Knock-in Mice 
and Obese Cynomolgus 
Monkeys 

771-P

Jian Luo1, Ruben Rodriguez1, Anne Hergarden1, Ted 
Tracy1, Davina Lam1, Sumanta Garai1, Daniel Marshall1, 
Stig Hansen2, Manu Chakravarthy1

1Carmot Therapeutics, a member of the Roche group; 2Kimia Therapeutics.

Results
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In Vitro Characterization

X cAMP accumulation was measured in HEK293 cells
expressing either human or cynomolgus monkey
GLP-1R 30 minutes after stimulation. Maximal E-
arrestin recruitment after stimulation was measured
in HEK293 cells expressing human GLP-1R-LgBit
and SmBiT-human-ȕ-arrestin-2. Internalization was
measured in HEK293 cells expressing HiBiT-tagged
human GLP-1R 60 minutes after stimulation.

X Insulin secretion was measured in EndoC-bH5®
cells, a human pancreatic E-cell line, 40 minutes
after stimulation in the presence of 11 mM
glucose. Curves depict non-linear regression
analysis of data normalized to vehicle and a high
dose of GLP-1. Insulin data is also normalized to
total protein content. Data are mean ± SD of 2-3
replicates per concentration.

Mixed Meal Tolerance Test (MMTT) in Humanized
GLP-1R Knock-in Mice

X Male humanized GLP-1R knock-in (hGLP-1R KI;
Taconic) mice, aged 8-14 weeks, were fasted
overnight. Vehicle and CT-996 were administered
orally 30 minutes before the MMTT (Ensure, 10
ml/kg).

Glucose Stimulated Insulin Secretion (GSIS) in
Obese Monkeys

X Male obese cynomolgus monkeys, > 8 years old
(KBI), were fasted overnight.

X Vehicle and CT-996 were administered orally 2-3
hours prior to intravenous glucose tolerance test
(IVGTT; 0.5 g/kg).

28-Day Daily Dose Study in Obese Monkeys

X Twenty-four (24) male cynomolgus monkeys, each
weighing > 8 kg with BMI > 40 were included. Some
of the animals had plasma glucose above 6 mmol/L.

X CT-996 was administered once daily.

X MMTT (Ensure, 5 ml/kg) was administered on Day 1,
3 hours post dose.

X Chow intake was recorded at each meal, and body
weight was assessed weekly.

X Body composition was measured using dual-energy
X-ray absorptiometry (DEXA) at baseline and Day
29.

Introduction
X Injectable GLP-1 receptor agonists (GLP-1RA) have

demonstrated significant efficacy in glycemic control
and weight management.

X While semaglutide is available in an oral peptide
formulation, it requires specific timing and
administration conditions.

X The increasing use of injectable incretin therapies
underscores the urgent need for simpler, cost-
effective solutions.

X Here, we describe CT-996, a potent, oral small
molecule GLP-1RA, and present preclinical efficacy
studies to support its development for daily oral use
in humans.

CT-996 is a potent and cAMP-biased GLP-1R agonist

Figure 1. Dose response curves for human GLP-1R cAMP accumulation (A), Human GLP-1R E-
arrestin recruitment (B), Cynomolgus monkey GLP-1R cAMP accumulation (C), and human GLP-
1R internalization (D) in response to endogenous ligand GLP-1 (black circles) or CT-996 (blue
circles).

CT-996 dose-dependently enhanced GSIS in human E-cells

CT-996 improved glucose following MMTT in hGLP-1R KI mice

Figure 3. Mean (± SE) (A) glucose response to an MMTT and (B) the area under the glucose
curves in hGLP-1R KI mice 30 minutes after vehicle and CT-996 administration. Statistical
differences were evaluated using a one-way ANOVA followed by Bonferroni post hoc test. ** p <
0.01, **** p < 0.0001.

CT-996 dose-dependently enhanced GSIS in obese monkeys

CT-996 improved postprandial glucose following MMTT in
obese monkeys

Figure 5. Effects of oral CT-996 on postprandial glucose in obese cynomolgus monkeys. Plasma
glucose change is represented as mean (± SE) from baseline. N = 6/group. MMTT was
administered on Day 1, 3 hours post CT-996 administration.

CT-996 progressively lowered body weight in obese 
monkeys

CT-996 preferentially reduced fat mass in obese monkeys
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Figure 4. Effects of oral CT-996 on GSIS during IVGTT in obese cynomolgus monkeys. Plasma
insulin concentrations are represented as mean (± SE) following intravenous glucose challenge
(2-3 hours after vehicle and CT-996 administration).
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Figure 6. Effects of CT-996 on body weight in obese cynomolgus monkeys following once-
daily oral administration. Weekly body weight percent change is represented as mean (±
SE) from baseline. N = 6/group.
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Figure 2. Dose response curves of insulin secretion after stimulation with CT-996 in the
presence of 11 mM glucose. Abbreviations: nM is nanomolar, ug is microgram, and microIU is
microinternational unit.
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Figure 7. Effects of daily oral CT-996 on body composition in obese cynomolgus monkeys. Percent
change from baseline [Mean (± SE)]. N = 6/group. Abbreviations: BMC is bone mineral content and
BMD is bone mineral density.

• CT-996 is a small molecule GLP-1RA that exhibits biased
cAMP signaling and reduced receptor internalization.

• Daily oral dosing of CT-996 enhanced glucose homeostasis
and reduced weight and fat mass after 4-week treatment in
obese cynomolgus monkeys.

• All doses of CT-996 were well-tolerated in cynomolgus
monkey studies.

• These observations corroborate the continued development
of CT-996 as a next-generation GLP-1RA. CT-996 is
currently being evaluated in a Phase 1 clinical trial.

In the present studies we characterize CT-996, a potent, oral,
small molecule, signal-biased GLP-1 receptor agonist, and
evaluate its effect on glucose response, weight loss, and
food intake in pre-clinical models.

A B

C D

CT-996 drastically suppressed chow intake in obese monkeys

Figure 8. Effects of daily oral CT-996 on chow intake in obese cynomolgus monkeys. Daily chow
consumption percent change is represented as mean (± SE) from baseline. N = 6/group.



GLP1R_incretins : from biologicals to small Mr compound

LY3502970
MW 882 Da

MW 4,2 kDa

A high-resolution structure of 
LY3502970 in complex with active-
state GLP-1R revealed a unique 
binding pocket in the upper helical
bundle where the compound is bound
by the extracellular domain (ECD), 
extracellular loop 2, and 
transmembrane helices 1, 2, 3, and 7.



Cryo EM : GLP-1 peptide vs Orforglipron (LY3502970)

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc



Session 7  - when new therapeutic modalities arise
Plug and Play with PyMOL !  



Nucleic acid based medicines:  a new therapeutic modality

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

ASOs
(antisense oligonucleotides)
RNAs
(miRs, siRNAs etc)



DNA RNA therapeutics

antisense

“undruggable” genome



Modulation of mRNA functionality by specific hybridization of ASO

Antisense oligonucleotides (single stranded) 

CELL ENTRY : HOW ?



Antisense DNA oligonucleotides in the clinical setting



Mipomersen ASO in eg. fam. hypercholesterolemia

Genzyme Inc

FH: cholesterol deposit on eyelid; 
80% carry LDLr loss-of-function
mutations



SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

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

• 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



Antisense DNA oligonucleotides

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



SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

Antisense DNA oligonucleotides



Antisense DNA oligonucleotides : spinal muscular atrophy :
the nusinersen trials



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 SMN 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 I (Hoffmann Disease) was found in 4:1,600 
(1:400) infants of the egyptian Karaite community (endemistic propagation)



SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

SMA : spinal muscular atrophy



SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

SMA : alternate RNA splicing defects by exon7 skipping of SMN2 pre mRNA

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

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 SMN1. 

« Cold Spring Harbour lab 2017 medicine « 2017



SEARCHING FOR THE OPTIMAL SEQUENCE IN SILICO AND TESTING IN VITRO

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

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

The most common adverse reactions that occurred in at least 20% of SPINRAZA-treated patients 
and occurred at least 5% more frequently than in control patients were: 
• lower respiratory infection and constipation in patients with infantile-onset SMA 
• pyrexia, headache, vomiting, and back pain in patients with later- onset SMA 



SMA : spinal muscular atrophy splicing ailment

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



Gene therapy : spinal muscular atrophy innovative medicine

Spi



Zolgensma: spinal muscular atrophy innovative gene therapy medicine

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.



Zolgensma: spinal muscular atrophy innovative gene therapy medicine



Antisense DNA oligonucleotides (single stranded) 



Development of microRNA therapeutics (agomirs – antagomirs) is coming of age
>30 % of human genes regulated by miRs !

Van Rooij E and Kauppinen S. 2014 EMBO Mol Med J 6:851-864

Antagomirs sequences



Antagomirs - RNA therapeutics in drug development



Antagomirs (anti miRs) therapeutics in drug development

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)

Antagomir (anti-miRNAs) are antisense oligonucleotides that silence 
endogenous microRNA from their gene target binding capabilities



Antagomirs (anti miR33a) therapeutics in CVD drug development

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)

LDL =   mg/dl
HDL =  mg/dl



Development of microRNA therapeutics is coming of age

Van Rooij E and Kauppinen S. 2014 EMBO Mol Med J 6:851-864



Development of miR33a antagomirs therapeutics in CVD

Rayner KJ et al 2012 Nature 478 : 404-407

SUBSTANTIAL PRECLINICAL WORK HAS BEEN 
COMPLETED INCLUDING A NON- HUMAN 
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 
LDL AND AN INCREASE OF HDL WAS 
OBSERVED. REDUCED REPRESSION OF ABCA1 
GENE OBSERVED (MOA VERYFIED !!)

ApoA1 HDL



DNA RNA therapeutics : aptamers

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

Yang S et al.(2018) Molecular Therapy Nucleic Acids
13:164-175. Oligonucleotide aptamer-mediated
precision therapy of hematological malignancies. 



DNA RNA therapeutics : aptamers



Nucleic acid based therapeutics : RNA interference

RNA INTERFERENCE : A RECENT MOLECULAR EXPLANATION ON AN OLD OBSERVATION 
!



RNA interference: small RNAs as therapeutics ?

siRNAs and miRNAs hit respectively transcription and translation !



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



Cyclic Peptides in drug research_pioneering therapeutic modalities

• Only 2% of the marketed medicines 
• 200 peptide drugs are currently in clinical development
• Advantage: high selectivity, low amount need for optimal exposure, agonists
• Disadvantage, formulation issue, (oral no option) stability,  cost of goods

• 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 I et al. J. 2016 Pept. Sci. 22:471-479

Cyclosporin A
Immunesupressor,block calcineurin
transplantation medicine, antifungal 
natural product

WORKSHOP : ALLOIMMUNITY_SANDIMUN 



Immunosupression in clicnics-opportuinties for coronin1 inhibitors ?

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



Cyclic Peptides in drug research_pioneering therapeutic modalities

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

• 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

Cyclosporin A
Immunesupressor,block calcineurin
transplantation medicine, antifungal 
natural product

Trichoderma polysporum

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



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

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



„ Drugging the undruggable therapeutic targets“



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

Drugging undruggable targets – peptide stapling

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 
to introduce all- 
hydrocarbon 
staples into 
peptides
-Closing the macro 
cyclic ring 
enforces alpha 
helical structure



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

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

Transcription factors are the final effectors of the cellular signaling cascade



Greenwald I  et al 2012 Wormbook.com

NOTCH cellular signal pathway : cell to cell communication



Greenwald I  et al 2012 Wormbook.com

NOTCH signal and the transcriptional ON /OFF readout pathway



Greenwald I  et al 2012 Wormbook.com

health: cell-cell com,
cell fate (promotion 
supression of proliferation

disease: colon cancer, 
alzheimer, T-ALL leukaemia

NOTCH signal and the transcriptional ON /OFF readout pathway



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

Drugging undruggable targets – direct NOTCH signal inhibition by 
protein:protein interaction disruption at the target genes



Drugging undruggable targets – direct NOTCH final effector inhibition
by protein:protein interaction blockade using „peptide stapling“

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



Session 7  - when new therapeutic modalities arise !  


