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 Il ruolo del GIP nel sistema incretinico

 Il difetto incretinico nel T2D

L’agonismo duale GLP-1 / GIP

Dati clinici su Tirzepatide



Difetto incretinico nel DMT2

Muscelli E, et al. Diabetes 2008;57:1340-8 

Controlli Diabete tipo 2Test 
isoglicemico

Confronto tra la secrezione di
insulina in risposta al carico i.v. e
la secrezione insulinica in
risposta ad un carico orale
isoglicemico



Difetto incretinico nel DMT2

Grespan E, et al. J Clin Endocrinol Metab. 2022 Jun 16;107(7):2092-2100

Meta-analysis of literature studies



Difetto incretinico nel DMT2

Non è reversibile con il controllo glicemico…

• Thirteen-day treatment with vildagliptin did not improve the incretin defect
Virdali I, et al. J Clin Endocrinol Metab. 2011 Apr;96(4):945-54

• Six-day treatment with metformin +/- sitagliptin did not improve the incretin defect
Virdali I, et al. J Clin Endocrinol Metab. 2011 Apr;96(4):945-54

• Six-week treatment with sitagliptin did not improve the incretin defect 
Muscelli E, et al. J Clin Endocrinol Metab 2012;97:2818-26

… ma forse con il controllo del peso

Bariatric surgery (biliopancreatic diversion) improved the incretin effect
Novaes FS, et al. J Clin Endocrinol Metab 2015;100:1984-88 



Difetto incretinico nel DMT2

Muscelli E, et al. Diabetes 2008;57:1340-8 

Controlli Diabete tipo 2



Increased glucose-dependent 
insulin secretion helps regulate 
PPG clearance

GLP-1
Incretin activity

GIP
Incretin activity

GIP e GLP-1

Discovery: 
Early 1970s

Secreted by: 
Duodenal K cells

Stimulated by: 
Nutrient load in the 
gut

Discovery: 
Early 1980s

Secreted by: 
Distal ileal and Colonic L cells

Stimulated by: 
Nutrient load in the gut

IV = intravenous. 
1. Aronoff SL, et al. Diabetes Spectr. 2004;17(3):183-190. 2. Brown JC. Can J Biochem. 1971;49(2):255-261. 3. Brown JC, Dryburgh JR. Can J Biochem. 1971;49(8):867-872. 4. Kim W, Egan JM. 
Pharmacol Rev. 2008;60(4):470-512. 5. Lund PK. Regul Pept. 2005;128(2):93-96.



Importanza relativa di GIP e GLP-1

aP<.05.
AUC = area under the curve; GIPR = glucose-dependent insulinotropic polypeptide receptor; GLP-1R = glucagon-like peptide-1 receptor; ISR = insulin secretion rate; NS = not significant.
Nauck MA, Meier JJ. Diabetes. 2019;68(5):897-900.

In antagonist studies, GIP generated 
a more significant effect on insulin-
mediated glucose clearance in 
healthy individuals compared with 
GLP-1
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Selective antagonism of GIP or GLP-1 receptors during oral glucose challenge demonstrates individual 
contribution of GIP and GLP-1 to insulin secretion/glycemic control in healthy controls
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GIP = glucose-dependent insulinotropic polypeptide; GLP-1 = glucagon-like peptide-1; PPG = postprandial glucose.
Nauck MA, Meier JJ. Diabetes. 2019;68(5):897-900.

Islet of Langerhans 
(endocrine pancreas)

GIP ~44%

GLP-1 ~22%

Substrate absorption

Neural transmission

Jejunal mucosa

Duodenal mucosa

K 
cells

L cells

Jejunum

Glucose 
~33%

Negligible

β cells (insulin)

α cells (glucagon)
δ cells (somatostatin)

Pancreatic polypeptide cells 

Capillaries 

Importanza relativa di GIP e GLP-1



Altri contributi del GIP?

Nauck et al. Diabetes Obes Metab. 2021;23(Suppl. 3):5–29.

 Scarsi effetti centrali

 No rallentamento gastrico

 Limitati effetti epatici

 Espansione (e infiammazione?) adiposa



HDL

Loss of Function Glucose-Dependent Insulinotropic Polypeptide Receptor Variants Are Associated 
With Alterations in BMI, Bone Strength and Cardiovascular Outcome

 Variante recettoriale
 Affinità invariata
 Ridotta attività post-recettoriale

Effetti del GIP: un esperimento naturale

Front. Cell Dev. Biol., 25 October 2021 | https://doi.org/10.3389/fcell.2021.749607



GIP a(nta)gonismo

Chronic Agonism Equals Antagonism?

1) Agonism of the GIPR leads to internalization of the number 
of receptors that is proportional to the concentrations of 
agonists. 

2) Some receptors will recycle back to the membrane, while 
others will degrade

3–5) Chronic agonism eventually decreases the number of 
receptors present on the membrane to effectively resemble loss 
of function



Genetic disruption of the Gipr in Apoe-/- mice promotes atherosclerosis

Mol Metab. 2022 Aug 31;65:101586



Baggio LL & Drucker DJ. Mol Metab 2021;46:101090

Spectrum of dual agonists



Il co-agonismo

Mastin et al. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 1973–1985







Modalità di co-agonismo
Cascata di trasduzione del 
segnale post-recettoriale

Mastin et al. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 1973–1985

Bilanciato

Sbilanciato





Effetti del GLP-1 + GIP



Il co-agonismo

Mastin et al. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 1973–1985



Effetti clinici di un agonista bilanciato

« the reductions in body weight for NNC0090-2746 and liraglutide in this trial were similar »

Frias JP et al. Cell Metab. 2017 Aug 1;26(2):343-352.e2. 



• Tirzepatide is a multi-functional peptide based on the native 
GIP peptide sequence, modified to bind to both GIP and GLP-1 
receptors

• Tirzepatide is a 39 amino acid linear peptide and includes a 
C20 fatty diacid moiety

• In vitro, it has higher potency to native GIP and is less potent 
to native GLP-1

• Tirzepatide has a mean half-life of ~5 days, enabling once-
weekly dosing 

Tirzepatide



Coskun T, et al. Mol Metab 2018;18:3-14

Tirzepatide – effetti GIP e GLP-1

Recombinant human receptor expression

TZP is more active on the GIP than
on the GLP-1 receptor



Tirzepatide – studio di fase 3

Rosenstock et al. Lancet 2021; 398: 143–55

Efficacy and safety of a novel dual GIP and GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes
(SURPASS-1): a double-blind, randomised, phase 3 trial



Tirzepatide – studio di fase 3

Rosenstock et al. Lancet 2021; 398: 143–55

Efficacy and safety of a novel dual GIP and GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes
(SURPASS-1): a double-blind, randomised, phase 3 trial



Tirzepatide – studio di fase 3

Ludvik et al. Lancet 2021; 398: 583–98

Once-weekly tirzepatide versus once-daily insulin degludec as add-on to metformin with or without SGLT2 inhibitors 
in patients with type 2 diabetes (SURPASS-3)



Tirzepatide – studio di fase 3
Once-weekly tirzepatide versus once-daily insulin degludec as add-on to metformin with or without SGLT2 inhibitors 
in patients with type 2 diabetes (SURPASS-3)

Gastaldelli et al. Lancet Diabetes Endocrinol. 2022 Jun;10(6):393-406



Tirzepatide – studio di fase 3

Frias et al. N Engl J Med 2021;385:503-15.

Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes
SURPASS-2



Tirzepatide – studio di fase 3

Frias et al. N Engl J Med 2021;385:503-15.

Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes
SURPASS-2



GIPR nel SNC ed effetto dell’agonista  
GIPR/GLPR sul peso

Zhang et al. Cell Metab. 2021 Apr 6;33(4):833-844.e5



Samms RJ, et al. J Clin Invest 2021;131(12):e146353

Tirzepatide – effetto insulino-sensibilizzante?



Dashed: baseline             Solid: Week 28

Whole-body Insulin SensitivityGlucose Infusion Rate

3132Baseline 
(µmol/kg/min)
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Lancet Diabetes Endocrinol. 2022 Jun;10(6):418-429

Tirzepatide – effetto insulino-sensibilizzante?



Tirzepatide – eventi cardiovascolari

Sattar et al. Nat Med. 2022 Mar;28(3):591-598



Lancet Diabetes Endocrinol. 2022 Sep 21;S2213-8587(22)00243-1

Significantly lower occurrence of the composite kidney endpoint
HR 0.58 (95% CI 0.43 to 0.80)



Twincretin (TZP)

Weight Glycemia Weight Insulin secretion
/ sensitivity CV protection? Renal

protection?
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