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Incretins mimetics – end of 
diabesity ?

Outline
• diabesity : type II diabetes-obesity world wide pandemia
• diet and exercise – first line prevention
• current therapies - standard of care 
• future therapies-Incretins gut peptides
• GPCR/GLP1R small chemical moieties: MedChem challenge



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 Suffers-Suffered from a Disease
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Disclaimer Prof Roger G Clerc

• Introductory overview of the drug discovery process, not dedicated to any specific
particular drug discovery process, branding or trade mark.

• No commercial interest with former employers (see Professor emeritus see LinkedIn 
page)

• The course may touch issues eg. in metabolic diseases and comorbities in CVD; based
on past experience, the audience may be confronted/offended by eg. self assessing
diabesity/waist hip ratio/cancer risk assessment/gender dysphoria/grossophobia
(non exclusive listing) 

• These topics/workshops are not exclusive part of the requirements for the 
fullfillment of the course credits; attendants are welcome not to participate and leave
the auditorium as appropriate.



the future of mankind : my future ?

The advent of incretins like GLP1 GIP co-agonists : the end of a worldwide
metabolic diseases pandemia ?



Obesity and type II diabetes - metabolic syndrome global pandemia
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Major medical need – a global metabolic syndrome pandemia
prevalence according to WHO 2022
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Metabolic diabesity syndrome : a public health challenge



Metabolic syndrome : a public health challenge



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
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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



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

JH. Pilates (1883-1967), a precursor of exercising deep muscles and fascia



Clinical Endpoint of metabolic syndrome :

first line therapy : exercise and diet !

Deteriorated

Impaired

Impaired

Lipid profile

Insulin sensitivity

Insulinemia

Glycemia

Susceptibility

to thrombosis

Inflammation

markers

Endothelial

function

CHD Risk LowHigh

Abdominally

obese
High waist

Improved

Improved

Improved

Improved

Improved

Reduced

obese
Low waist

Visceral
adipose
tissue

Visceral
adipose
tissue

Subcutaneous AT
Subcutaneous AT

Diet
Physical activity

10% Weight loss
~ 30 % Visceral AT loss

Adapted from Després et al. BMJ (2010) 322:716-720



University sport activities :
my contribution : bike tour 

800 km 5 days



Beyond BMI: omental fat distribution vs skin fat and 

waist-hip ratio as compagnion diagnostics



Metabolic syndrome pandemia and the short cuts:
not only BMI (body mass index) and WHR (waist hip ratio) : 

viceral fat  vs sub cut fat content are mainly relevant



My therapeutic target : metabolic 
syndrome, diabetes, atherosclerosis

obesity
A medicinal chemistry approach to 

treatment
of type II diabetes and obesity

Roger G Clerc EPFL EDOC EDBB EDMS EDCB

HOMA-IR > 2.9



The underlying molecular mechanism
0f PPAR agonists in insulin resistance
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Type II diabetes develops as a consequence of the metabolic syndrome :
oral glucose tolerance as a measure of the metabolisation of CBH

BGP15 insulin sensitizer

BGP15 nicotinic amidoxime derivate



Advanced type II diabetes : peripheral ischaemia-necrosis

MEDICAL NEED : IMPROVE 
TYPE II DIABETES USING A 
MEDICINAL CHEMISTRY 

DESIGN

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Le Monde

Type II diabetes and metabolic syndrome global pandemia _ 2025 : WHO
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Advanced type II diabetes : peripheral ischaemia-necrosis

MEDICAL NEED : IMPROVE INSULIN 
SENSITIVITY USING A MEDICINAL 

CHEMISTRY DESIGN
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Type II diabetes develops as a consequence of the metabolic syndrome
key drivers PPARs (thiazolidinedione) medicines

Diabetes/obesity itself is an emergent lasting pandemia 
not like eg. COVID-19 which turned an evasive pandemia :

Nature



PPAR medicinal chemistry: : «me too», patent bashing, time to market

O

S

N

O
N

S

O

O

N N
O

S
N

O

O

Rosiglitazone (Prototypical PPARgamma Agonist)

GSK-Tail (Phenyloxazole) Benzothiophene Spacer (Boehringer "Invention")

Aleglitazar
Roche 

Phenyloxazol
GlaxoSmithKline 
patent space

benzothiophene
Boehringer Manheim 
patent space

Rosiglitazone 
GSK 

thiazolidinedione
controversial head 
piece in PPAR

Replacement of
thiazolidinedione
controversial head 
piece in PPAR

Edaglitazar 
Boehringer Inc



An example of assay read out 
and medicinal chemistry MDO 

Clerc RG. and Niesor EJ. (2012) American Heart Association Washington DC 



Ceftriaxone (green) PK profile (vs other cephalosporins)
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World most prescribed cephalosporin:
 unique PK “once a day” ceftriaxone “blockbuster”

1x109 US$ (sales 2001)

Yearly sales of Roche Rocephin from 2000 to 2006

Rocephin patent expires 2005

m
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U

S$



PPAR has been called a «thrifty allele» 

« A DAY WITHOUT UNI SPORT IS NOT A SUCCESSFUL DAY ! «

100 stairs a day !



Advanced type II diabetes : recurrent clinical cases

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

A CLINICAL CASE (switzerland)
• 45 y old chronic T2D patient 
• HbA1c >7% BMI >30  WHR >1
• HOMA-IR >2.9
• ER - lower limb septic amputation
• MRSA (Staph aureus) +++
• Last resort antibiotics failed
• Fatal septicemia -sepsis

HOMA-IR > 2.9



Biguanides – a classical in mgmt of Type II diabetes
(repurposed as antiageing medicine ?)

An »old » normoglycemic medicine in primary clinical
intention of T2D management
NB : the exact underlying molecular mechanism still not well
understood
reduces neoglycogenolysis, increases insulin »sensitization » 
muscle/adipocytes insulin signaling activated
(adverse effects of metformin: lactic acidosis, hypoglycemia)



Type II diabetes and metabolic syndrome pandemia :
a cartoonist view of a threat - towards the end of IR/obesity ?

the future of mankind : your

future ?



INCRETINS : from a salamander venom to ML-guided SMC medicine :
35 years to making a medicine available to ALL patients in need !



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



Peptide drugs – pharmaceutical sciences inspired by natural products

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



Obesity is associated with multiple complications
BMI>30 carry hazard ratio for overall mortality elevated more than 40%
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Peptide drugs – incretins – GLP1 in diabetes – 
vs DPP4 inhibitors - gliptins
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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
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INCRETINS : a salamander saliva poison peptide is turning a game
changer in the management of metabolic diseases – TIID/pandemia



Semaglutide ; synthetic peptide with improved PK PD
C18 fatty acid chain linked to Lys26 increses albumin binding hence improved PK



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



36% (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. 36% of all approved medicines

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



Tirzepatide – Zepbound® : dual co-agonist GLP1 and GIP

semaglutide

tirzepatide

different formulations/galenics hence different
pathologies eg Moujaro 25% BW loss in 20 
weeks as Ozempic 17,5% BW loss in 15 weeks
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GLP1 agonists : tomorrow wonder medicine ?
but definitely eye-opening

CVD

CNS

kidney

liver

lung

protective effects of incretin
signaling in ER and mitochondrial 
stress for neuronal degeneration, 
management, further investigate
the incretin-derived effects
observed in PD an AZ patients.

Tirzepatide
Heart diseases
atherosclerosclerotic
lesions



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

« TIK TOK syndrome »

diabetes patients 
struggle to find

Ozempic/Wegovy
(GLP1/2 agonist) as it
soars in popularity in 
cosmetic weight loss

management

Physicians-overall population 
should be working against the 
grossophobia (or fatphobia) a 
discrimination against
overweight people



Popstars 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 !!
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GLP1 agonist tomorrow : incretin mimetics oral SMW cpds
work in progress !
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Papers : GLP1 agonist tomorrow : SMW cpds – work in progress :
developing nonpeptidic small-molecule drugs targeting GLP-1R remains a challenge



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)
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Are these incretin «biologicals» days soon over ?
(current overall costs : CHF 500.-/mois exclusion criteria BMI 30)



BIOENG 510 - 2025



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

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
BU slide

12x109 US$ (sales 2006)
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BIO-698 resumes Thursday September 11. 2025

4:15 PM @ AAC

THE MAKING OF 

AN INNOVATIVE MEDICINE

N E W  L A Y  O U T

Prof Roger G. Clerc

With Prof Susan M Gasser
and Prof Olivier Michielin

Sciences de la Vie -SV

Introductory workshops on translational biomedical research and drug discovery 
and development 

With Prof Susan M Gasser
and Prof Olivier Michielin
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