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GIP=glucose-dependent insulinotropic peptide; GLP-1=glucagon-like peptide-1
Drucker DJ. Diabetes Care. 2003; 26: 2929-2940.
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| PRIMI ANALOGHI DI GLP-1

» emivita: 4-6 h s.i.

[ EXENATIDE ] » maggiore affinita rispetto al GLP-1 (IC,,= 6nM vs Ig@DSﬁ’OnM)
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» analogo del,g{.\‘?-el &Q&?almente DPP-4-resistente

[ LIRAGLUTIDE ]

e Sostituzione Arg34Lys
Sito di inattivazione

proteolitica da parte
della DPP4

e Lys26 con acido glutamico + 16-C free-fatty-acid
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GLI AGONISTI DEL GLP-1R
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AZIONI EXTRA-PANCREATICHE
DEI GLP-1RA
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LIRAGLUTIDE E OBESITA’
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JOURNAL of MEDICINE

ESTABLISHED IN 1812 JULY 2, 2015 VOL. 373 NO.1

A Randomized, Controlled Trial of 3.0 mg of Liraglutide
in Weight Management

Xavier Pi-Sunyer, M.D., Arne Astrup, M.D., D.M.Sc., Ken Fujioka, M.D., Frank Greenwa 6F¢,
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- pazienti > 30 Kg/m?

- pazienti 27-30 Kg/m? con almeno una complicanza legata al
peso (dislipidemia, pre-diabete/DM2, ipertensione, OSAS).
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EFFETTO BIOLOGICI DEL LIRAGLUTIDE
Riduzione della vitalita cellulare
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EFFETTO BIOLOGICI DEL LIRAGLUTIDE
Riduzione della proliferazione cellulare
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LIRAGLUTIDE INIBISCE IL DIFFERENZIAMENTO
CELLULARE IN VITRO

+Lira10 nM +Lira100 nM

colorazione
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Ridotto accumulo gocce -20% -18%
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EFFETTO BIOLOGICI DEL LIRAGLUTIDE
Riduzione del differenziamento cellulare
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o
% \6

c0°
INIBIZIONE DELLA CAPA\QIM'\‘BRéLIFERATIVA

RIDUZIONE DE|« &B’ERIZIAMENTO
“la 6‘5\Q

RIMO%EL\EMTO ADIPOCITARIO
0\66 es 50(\
. 696‘ \’<>\l

\J;‘ii%lﬁede migliora la qualita degli adipociti

ottenuti in vitro

X1° Edizione Parma Diabete, 19-21 ottobre 2017, Parma



E IL MECCANISMO?

Exendin-4 (9-39) => ANTAGONISTA
DEL GLP-1R
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EXENDIN 9-39 REVERTE L'EFFETTO INIBITORIO
DEL LIRAGLUTIDE SULLA CAPACITA’
PROLIFERATIVA DELLE S-ASC
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EXENDIN 9-39 REVERTE LAZIONE INIBITORIA
DEL LIRAGLUTIDE SUL DIFFERENZIAMENTO

ADIPOCITARIO IN VITRO R
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CONCLUSIONI Il

LIRAGLUTIDE AGISCE SU: o ,\O\o@a

1. RIDUZIONE DELLA CAPACITA’ PROLlaE\ER&iVA
ey
2. RIDUZIONE DEL DIFI;I\E@R%?}J%?MNTO
ed\) & S

LEFFETTO INIW!Qeael LIRAGLUTIDE SULLA
N
PROLIFERMB@\SUL DIFFERENZIAMENTO delle S-ASC

@"6

@Q@I \‘ﬁEVERTITO in presenza di EXENDIN (9-39)

Q
LA

0‘5\\\‘

>, 4. ((

Meccanismo di azione del Liraglutide &

mediato dal GLP-1R

X1° Edizione Parma Diabete, 19-21 ottobre 2017, Parma



ESPRESSIONE DEL GLP-1R
NEL TESSUTO ADIPOSO
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\oP Unpublished data
O © ASC  ADIPOCYTES SAT Endothelial cells

TESSUTO ADIPOSO E ASC INDUCONO UNA PRODUZIONE LOCALE
DI GLP-1(9-36)
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EFFETTO BIOLOGICI DEL GLP-1(9-36)
Riduzione della vitalita cellulare

Is cleaved glucagon-like peptide 1 really inactive? Effects of GLP-1(9- g‘\a'
36) on human adipose stem cells G\O\O
Giulia Cantini ?, Alessandra Di Franco ?, Edoardo Mannucci ", Michaela Luconi * " . ()\6b X
* Department of Experimental and Clinical Biomedical Sciences. Endocrinology Unit, University of Florence, Florence, Italy 6\ \'\a‘\
" Diabotes Agency, Careggi Hospital, Florence, Izaly Molecular and Cellular Endocrinology 439 (2017) 10—15 . (\ . d\\,@
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INIBISCONO LA PROLIFERAZIONE DELLE ASC

Cantini G, Di Franco A, Mannucci E, Luconi M, Mol Cell Endocrinol 2017; 439:10-15



EFFETTO BIOLOGICI DEL GLP-1(9-36)
Attivazione dell’apoptosi cellulare
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Cantini G, Di Franco A, Mannucci E, Luconi M,
Mol Cell Endocrinol 2017; 439:10-15

ctrl  GLP-1(9-36) GLP-1(7-36) Liraglutide
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GLP-1(9-36) e GLP-1 nativo inibiscono
Il differenziamento adipocitario

+GLP-1(9-36) +GLP-1(7-36)

Cantini G, Di Franco A, Mannucci E, Luconi M, Mol Cell Endocrinol 2017; 439:10-15
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RIDUZIONE DEL DIFFERENZIAMENTO
CELLULARE DI GLP-1 E GLP-1RA
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MECCANISMO
MEDIATO DAL

RECETTORE DEL

S
Ban et al, Circulation 2008 6\0 On\gdello cardiaco effetti cardioprotettivi del GLP-1 (9-36)
2 o o“e
(D G . . . 1 (0.af) .
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\\‘ 03\‘
. Ruolo anti-apoptotico mediato da GLP-1
La&qﬁ@g aI@R&ocrmology 2012 modello cardiaco RECEPTORS in hCPC
Nuche-Berenguer et al,J C Physiol 2010 osteoblasti Recettore funz|onale.per GLP-1indipendente dal
GLP-1 Receptor classico

Yang et al, J C Physiol 2005 Muscolo (L6 miotubi) Effetto insulino-mimentico del GLP-1 indipendenti

dal GLP-1R




Cell count

Il blocco proliferativo indotto da GLP-1(9-36)
non e’ revertito in presenza di EXENDIN 9-39
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CONCLUSIONI 1l
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Cantini G, Mannucci E, Luconi M, Trends Endo Metab 2016; 27:427-438



ULTIME NOTIZIE

Rescue remedy

Life-saving treatments for diabetes could come
fromnew work on solving receptor structures.

6
ost people know about mouth-to-mouth resuscitation and - \\6\\
chest compressions, even if they have never had to put th o 6\‘6\

F%dfgf 5\

into practice. Some could probably attempt the
manoeuvre. But how many have heard of glucagon re G °
To a person with diabetes who has dangerougl

shot of the hormone glucagon delivered by, I Ke%ﬁ' helr I}est
glu

chance of survival. Many carry a lif; ﬁaen scue kit. But
it’s difficult to use in a hurry. ﬁ) w@@med into solution,

shaken and then delive a\l:é;gﬂe ‘mic syringe. Even people
who are practised s rPg ho are unfamiliar, the lengthy
instructions \? p them from trying. If a pupil falls into
a hypo lic ¢ '159'1 ers in some US schools have it written

‘aggl at they are to call the emergency services instead.
6( 0 rese@@rg at could lead to a better way to address hypoglycaemia
(S Q @ﬁ? r complications of diabetes is an urgent pursuit. This week,
Q ure publishes four papers that describe such work. At tirst glance,
05\\\ (\GG the research might seem far removed from the medical front line.
\‘aQ ? ) It’s hardcore structural biology: solved crystal and cryo-electron
O microscopy (cryo-EM) structures of G-protein-coupled receptors.
But the insights could improve glucagon rescue, and lead to other

treatments for diabetes and obesity.
In the body, glucagon triggers the conversion of stored glycogen
to glucose — the opposite effect to insulin. Stable synthetic insulin is

186 | NATURE | VOL 546 8 JUNE 2017
© 2017 Macmillan Publishers Limited,
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ARTICLE :

VOL 546

NATURE 259

dol:10.1038/nature 22363

Structure of the full-length g ARTICLE

class B G-protein-coupled re

Haonan Zhang -2 Anna Qiao'?* | Dehua Yang!-* Linlin Yang*, Antao Dai'?, Chris de Gra
Venkatasubramanian Dhar “u"u“m' Hu /hamz' 2 ., Gye Won Han®, [Iwmﬂs L. (.-r'\nt’ }{a\t
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The human glucagon receptor, GCGR, belongs to the class B G- protein- coupled re
in glucose homeostasis and the pathophysiology of type 2 diabetes. Here we report
lengrh GCGR containing both the extracellular domain and transmembrane domai
two domains are connecied by a 12-residue segment termed the stalk, which adopt:
of forming an «-helix as observed in the previously solved structure of the GCGR

extracellular loop exhibits a G- hairpin conformation and interacts with the stalk to
Hydrogen-deuterium exchange, disulfide crosslinking and molecular dynamics sty
first extracellular loop have critical roles in modulating peptide ligand binding and
into the full-length GCGR structure deepen our understanding of the signalling mecha
receptors.
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The glucagon-like peptide-1 receptor (GLP-1R) and the glucagon  (1317°¥PC-G361°%"C) {numbers in superscript refer to the Wootten

€r, o st'mdmg of their mechanism of action is limit«
receptors. Here we report the cryo-electron mic

lR Géﬁ at near atomic resolution. The peptide is clasped |
tr'msmemb hine core of the receptor, and further stabilized by extracellt
transmembrane domain result in a sharp kink in the middle of transmeml
half outward to accommodate the o5- helix of the Ras-like domain of G. T

for understanding class B GPCR activation through hormone binding.
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receptor (GCGR) are members of the secretin-like class B family
of G-protein-coupled receptors (GPCRs) and have opposing
physiological roles in insulin release and glucose homeostasis'. The
treatment of type 2 diabetes requires positive modulation of GLP-1R
to inhibit glucagon secretion and stimulate insulin secretion in a
glucose-dependent manner’. Here we report crystal structures of the
human GLP-1R transmembrane domain in complex with two different
negative allosteric modulators, PF-06372222 and NNC0640, at 2.7 and
3.0 A resolution, respectively. The structures reveal a common binding
pocket for negative allosteric modulators, present in both GLP-1R
and GCGR® and located outside helices V-VII near the intracellular
half of the receptor. The receptor is in an inactive conformation with
compounds that restrict movement of the intracellular tip of helix V1,
a movement that is generally associated with activation mechanisms
in class A GPCRs™®. Molecular modelling and mutagenesis studies
indicate that agonist positive allosteric modulators target the same
general region, but in a distinct sub-pocket at the interface between
helices Vand VI, which may facilitate the formation of an intracellular
bmdl ng site that mh:mccs G- pratcm muplmg.

numbering system for class B GPCRs'®) that links the middle regions
of helices V and VI and a GCGR mimicking mutation C347%*"F in
the allosteric modulator binding pocket that stabilizes the interac-
tion interface for NAMs (Methods and Extended Data Fig. 1). These
NAMs were previously optimized for GCGR antagonism, but certain
analogues were found to antagonize GLP-1R as well. The final modified
construct yielded crystals that diffracted to 2.7 A for PF-06372222 and
3.0 A for NNC0640 (Fig. 1a, c and Extended Data Table 1).

The TMD architecture of GLP-1R is similar to that of GCGR, con-
sistent with the similarity in their primary sequences (45% identical in
the TMDs; Fig. 1b). GLP-1R preserves the conserved and functionally
important!” disulfide bond C226°2**-C296"°'2, and contains most of
the interhelical hydrogen bonds present in other class B structures™' !>
(Extended Data Fig. 2). Helix I of GLP-1R is 2.5 helical-turns shorter
than the long stalk region found in the initial structure of the GCGR
TMD (PDB code 4L6R)"® (Fig. 1b). In an accompanying paper’s. the
full-length structure of GCGR reveals a rearrangement of the stalk
region with the N-terminal helix unwinding to form an extended
3-sheet with two strands from the first extracellular loop (ECL1),



ESPRESSIONE DI GLP-1R & GCGR
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INCRETINE & GLP-1RA
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GLUCAGONE NON ATTIVA LAPOPTOSI
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GLUCAGONE inibisce il DIFFERENZIAMENTO
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CONCLUSIONI IV
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CELLULA STAMINALE DEL TESSUTO ADIPOSO
E’ UN NUOVO “TARGET” DEI GLP-1RA
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ESPRESSIONE DEL GLP-1R
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