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Difetto incretinico nel DMT?2

Test
iIsoglicemico

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

Muscelli E, et al. Diabetes 2008;57:1340-8
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Difetto incretinico nel DMT?2

Meta-analysis of literature studies

Subject group IEins T2D - IEins NGT (%) WMD (%) 95% ClI weight
Astiarraga2018 — L -28.31 [-44.31;-12.30] 6.9%
Aulinger2016 Obese 2.00 [-20.17; 24.17] 5.8%
Bagger2011 = -47.56 [-71.56; -23.55] 5.5%
Bose2010 B -20.15 [-40.06; -0.25] 6.2%
Calanna2014 . B -24.91 [-30.17;-19.65] 8.4%
Dutia2014 Obese — -22.65 [-40.54; -4.75] 6.5%
Junker2016 —i— -65.00 [-83.15; -46.85] 6.5%
Knop2007Diabetes —+ -29.00 [-50.20; -7.80] 5.9%
Knop2007Diabetologia i -40.00 [-73.49; -6.51] 4.0%
Knop2012 Lean —+ -27.18 [-47.02; -7.33] 6.2%
Knop2012 Obese — -38.50 [-56.39; -20.61] 6.5%
Kosinski2013 Third trimester —+ -4.00 [-30.30; 22.30] 5.1%
Laferrere2007 = -52.09 [-82.01; -22.16] 4.5%
Muscelli2008 — -21.00 [-33.40; -8.60] 7.5%
Nauck1986Diabetologia L -42.80 [-64.72; -20.88] 5.8%
0Oh2014 = 400 [ 0.30; 7.70] 8.6%
Overall effect | | | | ‘T | I -27.31 [-36.53; —18.10] 100.0%

-100 -80 -60 -40 -20 0 20 40
IET2D <IENGT IET2D > IE NGT

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



Difetto incretinico nel DMT?2

Non e reversibile con il controllo glicemico...

* Thirteen-day treatment with vildagliptin did not improve the incretin defect
Virdali |, 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 |, 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 DMT?2
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Muscelli E, et al. Diabetes 2008;57:1340-8



GIP e GLP-1

Increased glucose-dependent
iInsulin secretion helps regulate

Discovery: PPG clearance

Early 1970s

Secreted by:
Duodenal K cells

Stimulated by:
Nutrient load in the
gut

GLP-1

- Discovery:
Incretin activity scovery

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

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

— 1000+ a .
o — . .
%% good L Ns | o 2 100- In antagonist studies, GIP generated
85 oo 9 g " a more significant effect on insulin-
] 400 g s S 80 - mediated glucose clearance in
f 8 R healthy individuals compared with
25 2001 >0 2 GLP-1
<3 c D S
0 T T E < 8 60_
Placebo GLP-1 GIP w = o
Receptor Receptor © .2 0
Antagonist Antagonist o5 8
X8 c 40-
?="a
.. 1000 OEaw
] a 2 = 0 -
1 - ' <gg »
5 5 600 —3
£ o o
8o S 4001 0 |
S8 E 00 Placebo GLP-1 GIP
o2 ®©
<L . Receptor Receptor
Placebo  GLP-1 GIP Antagonist Antagonist

Receptor Receptor
Antagonist Antagonist

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.



Importanza relativa di GIP e GLP-1

Islet of Langerhans
(endocrine pancreas)

€} & cells (somatostatin)
b a cells (glucagon)
Pancreatic polypeptide cells

BB B cells (insulin)
O®® Copillaries

GIP = glucose-dependent insulinotropic polypeptide; GLP-1 = glucagon-like peptide-1; PPG = postprandial glucose.
Nauck MA, Meier JJ. Diabetes. 2019;68(5):897-900.



Altri contributi del GIP?

Q?

Caloricintake ¥ ¥
Energy expenditure=

Heart rate T

Insulin secretion T T

/" Glucagon secretion{ 4

GLP-1 Gastric emptying < 4
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effect

Na excretion 4
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Meal-associated
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* Glucose uptake, glybogenT
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Heart rate T

Insulin secretion T T
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. ; v No rallentamento gastrico
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effect v Limitati effetti epatici

Glucose and TG uptake ™ 1, / v' Espansione (e inflammazione?) adiposa

TGstorage T T

No prominent direct >

effect

Meal-associated
bone remodelling T T

Glucose uptake, glycogenT
Hepatic glucose production (¥)

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



Effetti del GIP: un esperimento naturale

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

Clinical phenotype of
R190Q and E288G

f systolic blood pressure

‘ HDL

v' Variante recettoriale
v' Affinita invariata
v Ridotta attivita post-recettoriale

1 bone mineral density

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



GIP a(nta)gonismo
PYYY Q.

MOLECULAR
METABOLISM  Review

Targeting the GIPR for ohesity: To agonize or
antagonize? Potential mechanisms

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

GIPR KO GIPR Ab

Chronic Agonism Equals Antagonism?



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

Gipr* : : Apoe:Gipr-
509 "™
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Ezu- - | Apoe”:Gipr”
£ 10~
g

Mol Metab. 2022 Aug 31,65:101586



Spectrum of dual agonists
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Baggio LL & Drucker DJ. Mol Metab 2021;46:101090



Il co-agonismo

Peptides 1 10 20 30 40
GLP-1 TSDVSSYLEGOAAKEFIAWLVKGR
Exendin HGEGTFTSDLSKOMEEEAVRELFIEWLENGGPSSGAPPPS conserved across paralogs
GLP-2  HADGSFSDEMNTILDNLAARDFINWLIQTKITD conserved within orthologs
Glucagon HSQGTFTSDYSKYLDSRRAQDFVOWLMNT variable
GIP YAEGTFISDYSIAMBKIHOQDEVNWENAOKGKKNDWKHNITQ _ interacting with the receptor

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



Clinical Validation of dual GLP-1/Glucagon
receptor agonists (1)

Effects of Cotadutide on
Metabolic and Hepatic
Parameters in Adults With
Overweight or Obesity and
Type 2 Diabetes: A 54-Week
Randomized Phase 2b Study

Diabetes Care 2021;44:1433-1442 | https.//doi.org/10.2337/dc20-2151

Rajaa Nahra,” Tao Wang,”

Kishore M. Gadde,’ Jan Oscarsson,?
Michael Stumvoll,® Lutz Jermutus,®
Boaz Hirshberg,” and Philip Ambery’

Week 54
(End of treatment)

Cotadutide 100 pg'

Cotadutide 200 pg!
Cotadutide 300 pg

o
&
=
m -

Liraglutide 1.8 mg*




% Change in Weight

Clinical Validation of dual GLP-1/Glucagon receptor
agonists (1): Body weight & HbA1c

Cotadutide Cotadutide Cotadutide Liraglutide  Placebo

0 100ug | 200ug 300ug ' 1.8 mg l control —
-0.68 © 50-
(-1.77,042) - E
-1 55 45
SE 40 P<0.001" p 001"
2. E’g 35 - P <0.001* 375
> —
-3.33 .o 304 P=0.006"
-34 =3.70 (~4.35,-231) r=EN
(491,-280) P <0.001* P < 0.001° 8o 2571 280
_4.| P<0.001* P=0.864' av 9p-
P=0.641 g 1%
a2 151
_5— = m
P < 0.001* n-5 104 11.0
— t [=] — .
6. P = 0.009 3"“.:1: 5
I
I 0

Cotadutide Cotadutide Cotadutide Liraglutide  Placebo
100ug 200ug 300ug 1.8 mg control

Diabetes Care 2021;44:1433-1442 | https://doi.org/10.2337/dc20-2151



Modalita di co-agonismo

— Bilanciato Cascata di trasduzione del
——— Sbilanciato segnale post-recettoriale

AKT;PKB

IR5-2
E i TORC2 CREB

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




16:15-17:00 EASD-Lilly Centennial Anniversary Prize Lecture

CHAIR : ALLAN FLYVBJERG

GLP-1/GIP causes faster recycling of the internalized GLP-1R <

=
b
Native GLP-1 Semaglutide MAR709 Tirzepatide ? .

4

Matthias Tschop

Dual and triple gut hormone co-
agonists: From discovery to
approval




Effetti del GLP-1 + GIP

Meal

GIP

GIP

T satiety effect of GLP-1
| gastric acid secretion
T insulin secretion

T/ - glucagon secretion
T /- adipose deposition

GLP-1

GLP-1

T satiety

| gastricemptying

T insulin secretion

| glucagon secretion
Initial nausea

v

Combined effect
| bodyweight
| blood glucose




Il co-agonismo

LY3298176 1 N RG7697/NNC0090-2746

, @OOE)
€20 dincid-p-Glu-(AEEA)-(K ) :

&)

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



Effetti clinici di un agonista bilanciato

GLP- lR agon ?’;\j!’
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: : Open-label i
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« 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

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

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

* Invitro, 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 — effetti GIP e GLP-1

(

\_

C20 diacid-y-Glu-(AEEA) @QO@O@OQ
" 060000000

5

(an(EXSXTXEXTXs Xp)
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39 35
232000000000

ol
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\

0

)

Coskun T, et al. Mol Metab 2018;18:3-14
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TZP is more active on the GIP than
on the GLP-1 receptor



Tirzepatide — studio di fase 3

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

ETD -1-91 (95% CI-2-18 to -1-63); p<0-0001
I Tirzepatide Smg T 1

Bl Tirzepatide 10mg ETD-1.93 (95% C1-2-21 to-1.65); p<0-0001
Bl Tirzepatide 15mg l I
I Placebo ETD-2-11{95% C1-2-39 to-1-83); p<0-0001
*®
Overall mean baseline HbA, =7-95% 054 55 T __ 100+ N * .
004 E oz
L _ = —
104 858 B O - m— - g n o
] o
T g a =
749 8§ 05 -55 2, <
. : 2
7:99% -639 3 S _1.04 --109 T g
7-0% £ & g o
—————————————————————————————————————————————————————— -530 2§ 15 | 164 ® =
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6.08% o1 < Lo 29 3 2
6-06% B : T <&M F—21- = g
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S—r—T—T T T T 1 | T 311 -2:5 | 273
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ttr
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Rosenstock et al. Lancet 2021; 398: 143-55



Tirzepatide — studio di fase 3

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

I Tirzepatide 5mg
Il Tirzepatide 10mg
Il Tirzepatide 15mg
B Placebo
2 Overall mean baseline weight=85-8 kg
g ______________________________________________________________
2 -0-9%
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0
E
£
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Rosenstock et al. Lancet 2021; 398: 143-55
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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)

[ Tizepatide 5 mg I Tirzepatide 10 mg WM Tirzepatide 1I5mg M Insulin degludec

A B C
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g F530 e 32 E
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07— EI; | |6 R | | 4/0 -30- | { P | —-32:8 £
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52 weeks
7 -15% 8%+ ~9%% 229%
= (i}
8o, —=01%% —01%% 759,
0-64%% 0-95%t 0-81%% -2:39%
T T T 1
Tirzepatide Tirzepatide Tirzepatide Insuling
. 5m 10 m 15m degludec
Ludvik et al. Lancet 2021; 398: 583-98 g J J ?



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)

ETD -4-71 (=672 to-2-70); p<0-0001
| |

~10-
-8-001
F T
-\.; _E_
=
W
£ 6
E -3-381
=
> :
=
o -2-
-
0 | |
Tirzepatide 10 mg Insulin
" LEC at week C2- 2.6 and 15 mg pooled degludec
LFC at baseline: 27-3% dl Week 5 . (n=104) (N=50)

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



Tirzepatide — studio di fase 3

Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes

SURPASS-2

—0— W Tirzepatide, 5mg —%— |l Tirzepatide, 10 mg —&— [l Tirzepatide, 15 mg - M Semaglutide, 1 mg

A Change in Glycated Hemoglobin Levels from Baseline
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I 1

ETD -0.39 (-0.51 to -0.26), P<0.001
1

ETD -0.45 {—U 57 to -0.32), P<0.001

0.0 -
2 _os-
S
o
E‘ -1.04
(=
o
2 15+
&
=
& 204 136
G -2.01
_95 -2 330
G
AR
FCa . R .1;-
If" ﬁ' %&}
o 5

Frias et al. N Engl J Med 2021;385:503-15.
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Tirzepatide — studio di fase 3

Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes

SURPASS-2

Tirzepatide, 5 mg [l Tirzepatide, 10 mg | Tirzepatide, 15 mg [l Semaglutide, 1 mg

A Change in Body Weight
ETD-1.9 kg (~2.8 to -1.0), P<0.001
" ETD-3.6 kg (-4.5 to-2.7), P<0.001
ETD -5.5 kg (6.4 to—4.6), P<0.001

0
i l
Q
£
-
@ 57
E 1

_76

g o
o -93
s
S -124 -112

_15_

Frias et al. N Engl J Med 2021;385:503-15.
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GIPR nel SNC ed effetto dell’agonista
GIPR/GLPR sul peso

® Vehicle # acyl-GLP-1 O acyl-GLP-1/GIP + Vehicle ® acyl-GLP-1 © acyl-GLP-1/GIP
Day Day
0 3 6 9 12 0 3 6 9 12

A Body weight (%)
S > o b oa
A Body weight (%)

24 241 CNS-GIPR ko
I8 -28-

Nestin-cre mediated CNS-GIPR ko

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



Tirzepatide — effetto insulino-sensibilizzante”?

2 ¥

—o— Vehicle —o— Vehicle —o— Vehicle
—e— Sema (10 nmol/kg) —e— Sema (10 nmol/kg) —e— Sema (10 nmol/kg)
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Samms RJ, et al. J Clin Invest 2021;131(12):e146353



Tirzepatide — effetto insulino-sensibilizzante

Glucose Infusion Rate Whole-body Insulin Sensitivity
#
80 I 1
2
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Lancet Diabetes Endocrinol. 2022 Jun;10(6):418-429



Tirzepatide — eventi cardiovascolari

10 +
HR: 0.80
95% Cl: (0.57, 1.11)
8 1 Pvalue: 0.183
=
=
g §-
m Pooled comparator
@
.
E
8 4
5
E Pooled tirzepatide
2 .
0 e T T T T | T T T T 1
0 12 24 36 48 60 72 84 96 108 120

Time from first dose (weeks)

Planned follow-up period

GPGB (30 weeks)

SURPASS-1, -2 and -5 (44 weeks)
SURPASS-3 and J-mono (56 weeks)
SURPASS-4 (56-108 weeks)
Cumulative number of events: number of patients at risk

Pooled tirzepatide: 0:4887 15:4813 28:4726 43:4477 53:2477  62:960  68:832 69:515 72:188 72:19 72:0

Pooled comparator: 0:2328 13:2292 19:2250 28:2118 36:1438 52:914 62:794 67:496 69:172 70:14 70:0

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



Effects of tirzepatide versus insulin glargine on kidney
outcomes in type 2 diabetes in the SURPASS-4 trial: post-hoc
analysis of an open-label, randomised, phase 3 trial

HiddoJ L Heerspink, Naveed Sattar, Imre Pavo, Axel Haupt, Kevin L Duffin, Zhengyu Yang, Russell | Wiese, Katherine R Tuttle, David Z1 Cherney
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Significantly lower occurrence of the composite kidney endpoint
HR 0.58 (95% Cl 0.43 to 0.80)

Lancet Diabetes Endocrinol. 2022 Sep 21,52213-8587(22)00243-1
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