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DIPARTIMENTO DI MEDICINA DI PRECISIONE E RIGENERATIVA  E AREA JONICA

Dual Agonism e Malattia Vascolare: 
Effetti Diretti o Indiretti?
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Melson E et al Clinical Medicine 2023 Vol 23, No 4: 337–46

GLP-1 
agonists
⇩ Glucose

⇩ Body weight
⇩ Cardiorenal 

La storia, lo sviluppo e il futuro delle terapie incretiniche

GLP-1 
agonists
⇩ Glucose

⇩ Body weight
⇩ Cardiorenal 

Diap
os

itiv
a p

rep
ara

ta 
da

 LU
IG

I L
AVIO

LA
 e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



mod. from Capozzi ME, Endocrine Reviews 2018

Tirzepatide: Dual GIP/GLP-1 receptor agonist 
Tirzepatide
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GLP-1R and GIPR Signaling

Trivedi K et al. Can J of Physiol Pharmacol 2026Diap
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Attivazione del recettore del GIP e 
rischio/malattia CV: 

cosa aggiunge all’attivazione del recettore 
del GLP-1?
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Effects of GLP-1 and GIP receptors activation

Gasbjerg LS et al. DOM 2023Diap
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Ruolo del GIP nell’adipocita
L’agonismo del GIP modula in modo differenziato la funzione del tessuto adiposo sia durante lo stato di digiuno che 

durante l’assunzione di cibo

Regmi A, et al. Cell Metab. 2024;36(7): 1534–1549.e7. Diap
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GIP esercita un effetto anti-emetico sul SNC

Fadini GP. L’Endocrinologo. Volume 24, pages 224–231, (2023)
Front Endocrinol (Lausanne). 2025 Feb 3:16:1530985Diap
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GIP receptors have been found in 
different hypothalamus and brainstem 
areas involved in the regulation of 
energy intake (meal initiation and 
termination) and body weight 

Nauck et al Diabetes Obes Metab. 2021;23(Suppl. 3):5–29
Campbell J. Molecular Metabolism Volume 46, April 2021, 101139.

Ruolo del GIP nel sistema nervoso centrale
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Tirzepatide aumenta l’ossidazione degli acidi grassi e
favorisce il browning del tessuto adiposo
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Direct CV Effects of GIP in Experimental Models

Heimbürger SM, et al. Peptides. 2020 Mar;125:170174. Diap
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Effetto ateroprotettivo del GIP nei topi
La delezione del recettore del GIP nei topi provoca un aumento dell'aterosclerosi aortica

Mol Metab. 2022 Aug 31;65:101586

La delezione del GIPR aumenta l'area 
aterosclerotica

La somministrazione del GIP riduce l'area 
aterosclerotica superficiale

Diabetologia (2011) 54:2649–2659Diap
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Effetti aggiuntivi anti-aterosclerotici del GIP e GLP-1

Atherosclerosis. 2024 Jul:394:117560Diap
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mod. from Capozzi ME, Endocrine Reviews 2018

Tirzepatide: Dual GIP/GLP-1 receptor agonist 
Tirzepatide

Tirzepatide is not the sum of GIP and GLP-1: 
it is a single molecule possessing activity at 2 

pharmacologic targets
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Protective Effects of TZP in a Human Cardiomyocyte Cell Line

Taktaz F, et al. Cardiovascular Diab 2024 Diap
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Human Cardiac Progenitor Cells (hCPC) 

L. Laviola et al., Endocrinology, 2012
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Tirzepatide Induces CREB Phosphorylation in hCPC
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C. Colabufo et al., EASD 2025Diap
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C3C: Cleaved Caspase-3
Palm: Palmitate
Trz: Tirzepatide
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Tirzepatide Preserves Viability in Palmitate-Damaged hCPC

C. Colabufo et al., EASD 2025

Apoptosis Autophagy Senescence
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Potential mechanisms of TZP-associated CV benefits

Cho YK.. J Lipid Atheroscler. 2023 Sep;12(3):213-222 Diap
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mod. from Capozzi ME, Endocrine Reviews 2018

Tirzepatide: Dual GIP/GLP-1 receptor agonist 
Tirzepatide

Tirzepatide is not the sum of GIP and GLP-1: 
it is a single molecule possessing activity at 2 

pharmacologic targets
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L'agonismo biased prolunga l'esposizione del GLP-1R 
sulla membrana cellulare e quindi ne potenzia l'azione

mod from Boer GA et al. Trends Pharmacol Sci. 2023

Biased
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Tirzepatide increases membrane GLP-1R availability in HEK293T Cells

Novikoff A et al. Mol Metab. 2021

GLP-1 and semaglutide cause internalization of GLP-1 receptor  self-limiting effect
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Ben Jones. Br J Pharmacol. 2022

Experimental GLP-1 RAs with Biased Agonism
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Orforglipron: Biased, Non-Peptide, Oral GLP-1 RA 

Pratt E, et al. Diabetes Obes Metab. 2023
Kawai T, et al. Proc Natl Acad Sci U S A. 2020

Ma X, et al. Diabetes Ther. 2024

• Partial GLP-1 RA biased towards cAMP 
pathway vs. β-arrestin recruitment at the 
GLP-1 receptor

• Chemically synthesized
• Non-peptide GLP-1 RA 

• Daily oral administration

• Unique binding mode, resulting in a 
distinct conformation of the ECD 
and the extracellular portion of the 
7TM segments
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ACHIEVE-3 – Orforglipron vs. Sema in T2D
Multicentre, phase-3, 52 –week RCT, n = 1698 adults with T2D

Rosenstock J, et al. Lancet 2026Diap
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Biased GLP-1R/GIPR Agonists

Rodriguez R et al. Cell Rep Med. 2025Diap
os
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Biased GLP-1R/GIPR Ligands
Studies in DIO mice

Rodriguez R et al. Cell Rep Med. 2025Diap
os
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Take home messages

• L’attivazione del recettore del GIP modula il metabolismo attraverso la regolazione 
di numerose funzioni cellulari.

• La presenza dei recettori del GIP nelle strutture cardiovascolari suggerisce un’azione 
regolatoria diretta dell’ormone.

• I doppi agonisti GLP-1/GIP, rispetto ai singoli agonisti, possono avere un maggiore 
effetto protettivo sul sistema cardiovascolare attraverso azioni dirette e indirette.

• Le caratteristiche biologiche di ogni ligando (affinità preferenziale, biased agonism) 
determinano risposte specifiche che potrebbero tradursi in effetti ulteriormente 
potenziati sul sul calo ponderale e sulla protezione d’organo.

• I doppi agonisti e gli agonisti biased aprono nuove prospettive di comprensione dei 
meccanismi fisiopatologici e ampliano la disponibilità di strumenti terapeutici per le 
malattie metaboliche.

Diap
os

itiv
a p

rep
ara

ta 
da

 LU
IG

I L
AVIO

LA
 e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



Diap
os

itiv
a p

rep
ara

ta 
da

 LU
IG

I L
AVIO

LA
 e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



GLP-1R and GIPR Signaling Pathways Affecting CV Responses

Trivedi K et al. Can J of Physiol Pharmacol 2026Diap
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hCPC

C. Colabufo et al., EASD 2025Diap
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mod. from Wong S et al. Diabetes Obes Metab. 2025

Spunti di riflessione
• Lo studio del biased agonism è una opportunità 

molto interessante per comprendere meglio il 
funzionamento dei recettori per le incretine.

• Gli agonisti biased del GLP-1R attivano in maniera 
preferenziale la via del cAMP rispetto alla via delle 
beta-arrestine, con azione ipoglicemizzante 
potenziata.

• Rimane da chiarire l’effetto degli agonisti biased su 
altre risposte cellulari e sistemiche.

• Gli agonisti biased sia per GLP-1R, sia per GIPR 
potrebbero mostrare un effetto ulteriormente 
potenziato sulla regolazione dell’assunzione di cibo 
e sul calo ponderale.

• Il biased agonism amplia la disponibilità di 
strumenti terapeutici per le malattie metaboliche.

Biased agonist Incretin 
receptor

?
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Tirzepatide regola il metabolismo dell’adipocita in maniera 
differente nelle diverse condizioni di apporto di nutrienti

Cell Metab. 2024 Jun 11:S1550-4131(24)00186-4

↑ ↑ Glucose uptake
↑ ↑ Triglyceride hydrolysis
↑ ↑ Fatty acid uptake
↓ Lipolysis

InsRInsR

↑↑  Lipolysis

FED FASTED

Insulin

GIP

↑↑ Stored lipid
release

GIPR GIPR

Tirzepatide Tirzepatide

Dietary macronutrient
clearance

↑↑
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GLP-1-Stimulated Insulin Secretion in Beta Cells

Dang T et al, Nature Chem Biol 2024Diap
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Biased GLP-1R/GIPR Agonists
In vitro studies

Rodriguez R et al. Cell Rep Med. 2025Diap
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What We Have
Robust Weight-Loss Efficacy in RCTs

Clinically Meaningful RW Effectiveness (Adherence-

Dependent)

Favorable Overall Safety Profile

Established Cardiometabolic Benefits (Especially in T2D)

Growing RW Utilization Data

Emerging Comparative Effectiveness Signals 

Well-Characterized Gastrointestinal Tolerability Profile

Expanding Role in Obesity and Diabetes Guidelines

Unmet Needs
High Discontinuation and Poor Long-Term Persistence

Suboptimal RW Dosing and Titration

Limited RW Evidence on Hard Clinical Outcomes

Insufficient Data on Effects of Treatment Discontinuation 

and Weight Regain

Uncertain Long-Term Safety at Obesity Doses

Scarcity of High-Quality Head-to-Head RW Comparisons

Socioeconomic and Access Inequities

Limited Evidence in Special and High-Risk Populations

Need for Personalized Treatment Strategies and Predictors 

of Response

Positioning Relative to Next-Generation Incretin Therapies

The content presented on this slide reflects the personal opinion and clinical interpretation of the Speaker.

GLP-1 RAs: What We’ve Achieved and What Still Matters
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La storia, lo sviluppo e il futuro delle terapie incretiniche

GLP-1 agonists

GLP-1 receptor

Signal transduction

Biological effects
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Receptor-engaged Signal Trasduction

Agonist/Receptor interaction

Pathway A Pathway B

Biological response(s) Biological response(s)

Clinical effect(s) Clinical effect(s)
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Expectations from biased agonism

Biased agonist/Receptor interaction

Pathway A Pathway B

Biological response(s) Biological response(s)

Clinical effect(s) Clinical effect(s)
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• Le vie di segnale intracellulare sono ampiamente ridondanti e 
interconnesse.

• Gli effettori intracellulari attivano risposte biologiche differenti in 
diversi contesti cellulari.

• Non sempre (quasi mai) è possibile associare a una via di segnale 
ad uno specifico effetto clinico (positivo o negativo).

• I sistemi sperimentali impiegati per studiare i biased agonists non 
sempre esprimono la realtà biologica.

Complessità vs. semplificazione
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Ben Jones. Br J Pharmacol. 2022

GLP-1R Signalling 
Pathways
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Doppio Agonismo GLP-1/GIP: Potenzialità per DMT2 e Obesità

Stomach
• ↓ Gastric Emptying   

Skeletal Muscle
• ↑ Insulin Sensitivity
• ↑ Metabolic Flexibility
• ↓ Ectopic Lipid Accumulation  

Subcutaneous White Adipose Tissue
• ↑ Insulin Sensitivity
• ↑ Lipid Buffering Capacity 
• ↑ Blood Flow
• ↑ Storage Capacity
• ↓ Proinflammatory Immune Cell Infiltration

Liver
• ↑ Insulin Sensitivity
• ↓ Hepatic Glucose Production
• ↓ Ectopic Lipid Accumulation  

Pancreas 
• ↑ Insulin 
• ↓ Glucagon    

Systemic
• ↓ Hyperglycemia

Systemic
• ↓ Hyperglycemia, Dietary Triglyceride

Pancreas
• ↑ Insulin 
• ↑ Glucagon   

Central Nervous System

Skeletal 
Muscle

Liver

Subcutaneous 
White Adipose 

Tissue

Pancreas

Stomach

Central Nervous System
• ↑ Satiety
• ↓ Food Intake
• ↑ Nausea
• ↓ Body Weight

Central Nervous System
• ↓ Food intake
• ↓ Nausea  
• ↓ Body weight

GLP-1 Receptor Agonism GIP Receptor Agonism

GIP Receptor Agonism
GLP-1 Receptor Agonism  

Indirect Action Adapted from: Samms RJ, et al. Trends Endocrinol Metab. 2020;31(6):410-421
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GLP-1R and GIPR Signaling

Gasbjerg LS et al. DOM 2023Diap
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Ben Jones. Br J Pharmacol. 2022

GLP-1R Signalling 
Pathways
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Tirzepatide è un agonista sbilanciato GIPR > GLP-1R
In vitro, la tirzepatide ha una potenza sul GIPR 

simile a quella del GIP nativo*.
La potenza sul GLP-1R è più debole di 

quella del GLP-1 nativo*.
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Coskun T, et al. Mol Metab. 2018;18:3-14.

*In overexpressed HEK cells.
cAMP = cyclic adenosine monophosphate; GIP = glucose-dependent insulinotropic polypeptide; GIPR = glucose-dependent insulinotropic polypeptide receptor; GLP-1 = glucagon-like peptide-1; GLP-1R = 

glucagon-like peptide-1 receptor; HEK = human endometrial adenocarcinoma; TZP = tirzepatide.
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Melson E et al Clinical Medicine 2023 Vol 23, No 4: 337–46

GLP-1 
agonists
⇩ Glucose

⇩ Body weight
⇩ Cardiorenal 

La storia, lo sviluppo e il futuro delle terapie incretiniche

GLP-1 
agonists
⇩ Glucose

⇩ Body weight
⇩ Cardiorenal 
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GIP Effects on the CV System

De Fano M et al. DOM 2026Diap
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ATTAIN-1 – Orforglipron in Obesity
Multicentre, phase-3, 72 –week RCT, n = 3127 adults with obesity (no T2D)

Wharton S, et al. N Engl J Med. 2025

PBO OFG 6 mg OFG 12 mg OFG 36 mg

Overall mean body weight at baseline = 103.2 kg
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Safety Event, n (%)
PBO 

(N=948)
OFG 6 mg 

(N=723)
OFG 12 mg 

(N=724)
OFG 36 mg 

(N=728)
Total 

(N=3123)
TEAEs in ≥5% of participants in total

Nausea 99 (10.4) 209 (28.9) 260 (35.9) 245 (33.7) 813 (26.0)
Constipation 88 (9.3) 157 (21.7) 216 (29.8) 185 (25.4) 646 (20.7)
Diarrhea 91 (9.6) 152 (21.0) 165 (22.8) 168 (23.1) 576 (18.4)
Vomiting 33 (3.5) 94 (13.0) 155 (21.4) 175 (24.0) 457 (14.6)
Dyspepsia 47 (5.0) 95 (13.1) 117 (16.2) 103 (14.1) 362 (11.6)
Upper respiratory tract infection 103 (10.9) 75 (10.4) 75 (10.4) 64 (8.8) 317 (10.2)
Headache 71 (7.5) 62 (8.6) 75 (10.4) 71 (9.8) 279 (8.9)
Influenza 73 (7.7) 68 (9.4) 58 (8.0) 44 (6.0) 243 (7.8)
Nasopharyngitis 74 (7.8) 55 (7.6) 61 (8.4) 47 (6.5) 237 (7.6)
Abdominal distension 32 (3.4) 52 (7.2) 68 (9.4) 62 (8.5) 214 (6.9)
COVID-19 50 (5.3) 44 (6.1) 52 (7.2) 54 (7.4) 200 (6.4)
Decreased appetite 30 (3.2) 42 (5.8) 61 (8.4) 53 (7.3) 186 (6.0)

ATTAIN-1 – Orforglipron in Obesity
Multicentre, phase-3, 72 –week RCT, n = 3127 adults with obesity (no T2D)

Wharton S, et al. N Engl J Med. 2025Diap
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ACHIEVE-3 – Orforglipron vs. Sema in T2D
Multicentre, phase-3, 52 –week RCT, n = 1698 adults with T2D

Rosenstock J, et al. Lancet 2026Diap
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Biological Activity of GIP

Capozzi ME
Endocrine Reviews 2018

Diap
os

itiv
a p

rep
ara

ta 
da

 LU
IG

I L
AVIO

LA
 e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



Direct Effects of GIP in Cardiac Cells

Heimbürger SM, et al. Peptides. 2020 Mar;125:170174. Diap
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Outcome cardiovascolari con GLP-1 RA nel DMT2

DECESSI PER EVENTI CV

RR 13% 

FATAL or NON-FATAL MI
RR 10% 

Sattar N et al. Lancet Diabetes Endocrinol 2021

FATAL or NON-FATAL STROKE
RR 17% 

3-P MACE
RR 14% 
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