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The incretin effect in control subjects and patients with T2DM
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GLP-1 modulates systemic and local inflammati®éh
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GLP-1 decreases stimulated cytokines secretion capacity
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NFkB nuclear translocation and TNF-alfa levels in hearts of High Fat Diet fed
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Native GLP-1 infusion mitigates hypoglicaemia induced
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Native GLP-1 infusion mitigates hyperglicaemia induced
inflammatory and oxidative stress in TIDM subjectgo\og‘a'
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GLP1 Agonists and Endothelial Function
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Liraglutide reduces monocyte adhesion to
endothelial cells
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		Entry (300512 dishes 10)		MP		Beads		Beads lotto		ul		# MP/ml Terreno		Fold increase

		CTRL Basale 353		58207		5881		52187		100		18.9653868153		1

		CTRL 353 TNFa		61133		4655		52187		100		25.1648120655		1.3268810339

		CTRL 353 TNFa + LIRA		64529		6426		52187		100		19.2420740585		1.0145890641

		CTRL Basale 583		72130		6121		52187		100		22.580378674		1

		CTRL 583 TNFa		74871		5073		52187		100		28.280458063		1.2524350664

		CTRL 583 TNFa + LIRA		68397		6143		52187		100		21.3350765812		0.9448502565

		Diab Basale 35		72130		5787		52187		100		23.883618086		1

		Diab 35 TNFa		81303		3954		52187		100		39.4010299078		1.649709427

		Diab 35 TNFa + LIRA		74299		4992		52187		100		28.5197727059		1.1941144178

		22062012 (24well)

		Sample		Mito,Count		Beads,Count		Beads lotto		ul		# MP/ml Terreno

		613 CTRL		1506		9542		52187		100		0.3024288568		1

		613 TNFa		3941		9664		52187		100		0.7814247846		2.5838301045

		613 T+L		4153		17964		52187		100		0.4429926829		1.464783115

		613 T +BC		2799		18470		52187		100		0.2903846605		0.960175109

		613 CTRL HG		366		25916		52187		100		0.0270614325		1

		613 TNF HG		466		25393		52187		100		0.035164915		1.2994476555

		613 TNF+LIRA HG		488		23798		52187		100		0.0392931666		1.4519987674

		626 CTRL HG		449		24849		52187		100		0.0346238289		1

		626 TNF HG		468		22620		52187		100		0.0396452281		1.1450272637

		626 TNF+L HG		181		7374		52187		100		0.0470341294		1.358432354

		211 CTRL HG		586		25621		52187		100		0.0438267441		1

		211 TNF HG		475		17797		52187		100		0.0511427972		1.1669312483

		211 TNF+L HG		578		24202		52187		100		0.045762975		1.0441792106

		85 Diab CTRL.		262		21697		52187		100		0.0231387168		1

		85 Diab TNF		754		19783		52187		100		0.073032617		3.1562950378

		85 Diab T+L		216		22188		52187		100		0.0186540554		0.8061836602

		85 Diab T+BC		458		22093		52187		100		0.0397235866		1.7167584082

		85 Diab CTRL HG		171		19990		52187		100		0.0163915863		1

		85 Diab TNF HG		158		21945		52187		100		0.0137961901		0.8416629026

		85 Diab TNF+L HG		437		20370		52187		100		0.0411081636		2.5078819615

		80 Diab CTRL HG		199		24375		52187		100		0.0156439392		1

		80 Diab  TNF HG		541		23062		52187		100		0.0449508559		2.8733719329

		80 Diab  TNF+L HG		425		21818		52187		100		0.037326018		2.3859730866

		124 Diab  CTRL HG		506		24044		52187		100		0.0403256583		1

		124 Diab  TNF HG		916		23479		52187		100		0.0747572894		1.8538392815

		124 Diab  T+L HG		620		23016		52187		100		0.0516178022		1.2800237951

		NG

		CTRL		353		583		613				Average		SD

		CTRL		1		1		1				1

		TNFa		1.3268810339		1.2524350664		2.5838301045				1.7210487349		0.7481171829

		TNFa+L		1.0145890641		0.9448502565		1.464783115				1.1414074785		0.2822139738

		TNFa+BC						0.960175109				0.960175109

		Diab		35		85		85 27062012				Average		SD

		CTRL		1		1		1				1

		TNFa		1.649709427		3.1562950378		1.174300236				1.9934349003		1.0347397013

		TNFa+L		1.1941144178		0.8061836602		1.099115534				1.0331378707		0.2022062245

		TNFa+BC				1.7167584082						1.7167584082

		HG

		CTRL		613		626		211		613 27062012		Average		SD

		CTRL		1		1		1		1		1

		TNFa		1.2994476555		1.1450272637		1.1669312483		1.6607168179		1.4138240331		0.3491591247

		TNFa+L		1.4519987674		1.358432354		1.0441792106		1.168499075		1.1063391428		0.0879074191

		Diab		85		80		124				Average		SD

		CTRL		1		1		1				1

		TNFa		0.8416629026		2.8733719329		1.8538392815				2.3636056072		0.7209184515

		TNFa+L		2.5078819615		2.3859730866		1.2800237951				1.8329984409		0.7820242437

				CTRL NG		Diab NG		CTRL HG		Diab HG

		CTRL		1		1		1		1

		TNFa		1.7210487349		1.9934349003		1.4138240331		2.3636056072

		TNFa+L		1.1414074785		1.0331378707		1.1063391428		1.8329984409

		TNFa+BC		0.960175109		1.7167584082

		27062012 (dishes 10)

		Entry		MP		Beads		Beads lotto		ul		# MP/ml Terreno		Fold increase

		613 CTRL HG.fcs		12123		666		52187		100		34.8797645059		1

		613 TNF HG		18833		623		52187		100		57.9254115209		1.6607168179

		613 TNF+LIRA HG		14740		693		52187		100		40.7569725599		1.168499075

		85 Diab CTRL		22053		881		52187		100		47.9655509338		1

		85 Diab TNF		34098		1160		52187		100		56.3259577792		1.174300236

		85 Diab T+L		31117		1131		52187		100		52.7196821293		1.099115534

		85 Diab CTRL HG		21870		1247		52187		100		33.6062456539		1

		85 Diab TNF HG		27473		991		52187		100		53.121471866		1.5807023615

		85 Diab TNF+L HG		26465		849		52187		100		59.7312875238		1.7773865054

		27072012

		Sample		MP		Beads		Beads lotto		ul

		H608 CTRL_N.fcs		20571		17891		50909		100		2.2585318643

		H608 TNF_N.fcs		19689		18099		50909		100		2.1368523394

		H608 T+L_N.fcs		18123		19499		50909		100		1.8256738073

		H628 CTRL_N.fcs		21672		17752		50909		100		2.3980439397

		H628 TNF_N.fcs		28909		16114		50909		100		3.5239938635

		H628 T+L_N.fcs		29146		17384		50909		100		3.2933256824

		H56 DIAB CTRL.fcs		13986		20817		52187		100		1.2873986512

		H56 DIAB TNF.fcs		30307		17661		52187		100		3.2882537687

		H56 DIAB T+L.fcs		27137		18467		52187		100		2.8158087462

		H41 DIAB CTRL.fcs		13341		19049		52187		100		1.3420041859

		H41 DIAB TNF.fcs		21925		18343		52187		100		2.2903766321

		H41 DIAB T+L.fcs		23019		18550		52187		100		2.3778267424
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				MP		Beads		Beads lotto		ul		# MP/ml Terreno		Fold increase

		CTRL Basale 353		58207		5881		52187		100		18.9653868153		1

		CTRL 353 TNFa		61133		4655		52187		100		25.1648120655		1.3268810339

		CTRL 353 TNFa + LIRA		64529		6426		52187		100		19.2420740585		1.0145890641

		CTRL Basale 583		72130		6121		52187		100		22.580378674		1

		CTRL 583 TNFa		74871		5073		52187		100		28.280458063		1.2524350664

		CTRL 583 TNFa + LIRA		68397		6143		52187		100		21.3350765812		0.9448502565

		Diab Basale 35		72130		5787		52187		100		23.883618086		1

		Diab 35 TNFa		81303		3954		52187		100		39.4010299078		1.649709427

		Diab 35 TNFa + LIRA		74299		4992		52187		100		28.5197727059		1.1941144178

		85 Diab CTRL		22053		881		52187		100		47.9655509338		1

		85 Diab TNF		34098		1160		52187		100		56.3259577792		1.174300236

		85 Diab T+L		31117		1131		52187		100		52.7196821293		1.099115534

		H628 CTRL_N.fcs		21672		17752		50909		100		2.3980439397		1

		H628 TNF_N.fcs		28909		16114		50909		100		3.5239938635		1.4695284791

		H628 T+L_N.fcs		29146		17384		50909		100		3.2933256824		1.3733383396

		H56 DIAB CTRL.fcs		13986		20817		52187		100		1.2873986512		1

		H56 DIAB TNF.fcs		30307		17661		52187		100		3.2882537687		2.5541845687

		H56 DIAB T+L.fcs		27137		18467		52187		100		2.8158087462		2.1872080909

		CTRL Basale 353		58207		5881		52187		100		18.9653868153		1

		CTRL 353 TNFa		61133		4655		52187		100		25.1648120655		1.3268810339

		CTRL 353 TNFa + LIRA		64529		6426		52187		100		19.2420740585		1.0145890641

		CTRL Basale 583		72130		6121		52187		100		22.580378674		1

		CTRL 583 TNFa		74871		5073		52187		100		28.280458063		1.2524350664

		CTRL 583 TNFa + LIRA		68397		6143		52187		100		21.3350765812		0.9448502565

		H628 CTRL_N.fcs		21672		17752		50909		100		2.3980439397		1

		H628 TNF_N.fcs		28909		16114		50909		100		3.5239938635		1.4695284791

		H628 T+L_N.fcs		29146		17384		50909		100		3.2933256824		1.3733383396

		Averages CTRLs										SD		Averages CTRLs

		Ctrl										0		1

		TNFa										0.1103177574		1.3496148598

		TNFa+Lira										0.2299154125		1.1109258867

		Diab Basale 35		72130		5787		52187		100		23.883618086		1

		Diab 35 TNFa		81303		3954		52187		100		39.4010299078		1.649709427

		Diab 35 TNFa + LIRA		74299		4992		52187		100		28.5197727059		1.1941144178		80 diab HG

		85 Diab CTRL		22053		881		52187		100		47.9655509338		1		1

		85 Diab TNF		34098		1160		52187		100		56.3259577792		1.174300236		2.8733719329

		85 Diab T+L		31117		1131		52187		100		52.7196821293		1.099115534		2.3859730866
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Levels of Endothelium derived Microvescicles Annexin V+
in subjects treated with liraglutide bexo\og
'\0\6‘

Pre Post

Baldassarre MP et al., manuscript in preparation



Levels of Differentiated EPC Population (CD34 bright/CD45-/CD117+)before and after Treatment with

Anti-Diabetes Medications \
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Liraglutide induced molecular changes in
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Salvage Index and Final Infarct Size in ST-segment

elevation myocardial infarction treated by ballon e\o\o@ o
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GLP-1RA treatment inhibits laser-induced thrombus 0O
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Glucagon-Like Peptide 1 Receptor activation attenuates platelet
aggregation and thrombosis
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«Emerging» actions of GLP-1 on

89%

\0\\6(\?6\\&\6‘\

* Infl i o2 (0@
nflammation 0%
NP
* Cardiovascular System e ® <&
QO$62\Q‘GQ0
e 2007 @
*Body Compositidns™
\666 P;e‘é\O(\
* Beta-gelf funttion
o

N2 \
‘@\306\\\ et
OV



Normal adiposity

Energy-dense food
(T fat + sugar content)

Adipogenesis intact (minimal hypertrophy)
Sufficient storage capacity

Functional adipose tissue

Metabolically healthy (no inflammation)
Insulin sensitive

iO

NO ECTOPIC FAT

Positive

energy balam:ee 0

ﬁgo\/ ‘aUnfavourable' genotype

Lack of physical
activity/exercise

* Maladaptive response
to stress

Visceral obesity
Dysfunctional adipose tissue

Altered FFA * Altered release
metabolism of adipokines

A 4

LIPID OVERFLOW-ECTOPIC FAT

\.oaoeum@ogenesis; leads to
w e hypertrophy in the abdomen,

rax and possibly breasts

» Dysfunctional adipose tissue:

» Storage capacity compromised
» Increased lipolysis

+ Low-grade inflammation

« Insulin resistance

Després JP. Nature
2006;444:881-887



Study Design

N 60 subjects
with OGTT or
Early Diabetes
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Effects of Liraglutide or Lifestyle-induces weight loss on
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B-cell Function over 2 Years in Vildagliptin treated T2DM subjects
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Effects of Liraglutide or Lifestyle intervention on Beta-cell function
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DPP-IV inhibitors

A Sitagliptin B Vildagliptin

C Saxagliptin
OH 6\ Q
j‘: F /// \S

0
LiragriiNe
g‘a‘!@

- \ C-16 free fatty acid (non-covalent binding to albumin)

GLP-1 Rx Agonists O\og\

Exenatide

His @Gl u Gly Thr Phe Thr Ser As p@%?@

5’./’

0
Lixisenatide \\6 6 d\
%‘@F“ e Thr Ser As p@
SN

Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly Gin Ala Ala Lys Glu Phe lle Ala Tip Leu VI@GI}'NQG\Y

@
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Semaglutide

vis () Giu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly Gin Ala Ala Lys Glu Phe e Ala T Leu Val @Gry Amg Gly

’ C-18 free fatty acid (non-covalent binding to albumin)

Albiglutide (recombinant fusion protein) Dulaglutide

\/ GLP-1 (7-36) (modified in position 8)
Human immunoglobulin fragment
‘ Human immunoglobulin fragment
/ \ Linker

GLP-1 (7-38) (modified in position 8)

Human serum albumin




HbA1 at baseline and at 24 months follow-up in T2DM |
subjects enrolled in the AIFA incretin-based therapies 6\0\0‘3‘6'

national on-line registry O°°
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GLP-1 Circulating Levels After GLP-1 RA or DPP-IV inhib administration;
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DPP-|V is heavily expressed in the endothelial
cells of the gut lining vessels \g\ov"’

\\0\\6(\ d\\a\\
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Géﬁ\ producing L-cells

Capillaries, DPP-IV

2O @
QO W d—@ﬁ\\an lleum: DPP-IV staining (red) and GLP-1 staining (green)
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Adapted from: Hansen et al. Endocrinology 1999;140:5356—63.



GLP-1 Receptors are Expressed on Nerve Terminals 4

Outside the Brain @O
9%

Portal vein c3\,\@\\

Nodo Q\g@

GLP-1r Synaptophysin Merge
\cx\’@

Philip Larsen, Copenhagen

Vahl et al. Endocrinology 2007



Vagal activity following glucose ingestion after vehicle or after sntagl\gbma‘

in the presence or in the absence of GLP-1 Rx blockage 0\@\36
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GLP-1 Mode of Action S
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A GLP-1 secretion and action: endocrine pathway B GLP-1 secretion and action: autonomous newuuxiﬁ@n at ‘9{_&3\\6
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Nauck M., Diab Obes Metab 2016



GLP-1 Ras and DPP-IV inhib. Mode of Actjen
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Patient characteristics

QW

Glycaemic-related

HbAlc

FPG

PPG

Necessity to avoid
hypoglycaemia™

Non-glycaemic-related

Necessity to reduce
body mass index
Preference for oral

treatment/inj ectm&@(a

phobia
Inal;-'l.i(n@; Q
ny@& l§00d
cose selfdmonitoring™
Sensitivity to

gastrointestinal events
Poor compliance”

DPP-4 inhibitor therapy

0.5-1.0% above target™

0-1.7 mmol/l (0-30 mg/dl)

above target [42]

A above preprandial

> 3.3 mmol/l (60 mg/dl)

(televated FBG) [42]

Preferred O

feﬁ\$

P‘refer sull

o
Qeferrqagr GLP-1RAs and

1}\ in

Suitable

Possible: (neutral)

GLP-1RA therapy

1.0-1.5% above target

1.1-3.9 mmol/l (20-70 mg/dl) above
target
Liraglutide > exenatide [91]

@Q G
A above pre \d
dl) é

de [91]

. 9(
o
Preferred to DPP-4 inhibitor
Not suitable

Preferred over insulin

Not suitable

Preferred: long-acting GLP-1RA

Therapy with other antidiabetic
drugs (as specified)

>1.5% above target . ‘06
Unsuitable: DPP-4" @l\(
Possﬂ:-le G

Pref ull 6\\
c@@ gfdl] above target

éﬁé@h&d insulin [92]
6\ nsuitable: DPP-4 inhibitor or
6

GLP-1RA [8]

A above preprandial >5.6 mmol/l
(100 mg/dl) insulin — prandial or
mealtime [90,92]

Unsuitable: insulin or SUs

Possible: metformin, pramlintide
Unsuitable: insulin, SUs and glitazones
Suitable: SUs, if DPP-4 inhibitors

contraindicated

Unsuitable: insulin

Unsuitable: metformin, acarbose

Unsuitable: insulin

Nauck M., Diab Obes Metab 2016



Patient characteristics GLP-1RA therapy

Therapy with other mumabetn,
drugs (as sramﬁed)

DPP-4 inhibitor therapy

Comorbidities

Renal insufficiency Preferred: liraglutide

Preferred: linagliptin

Dose adjustment required for Possible: exenatide (mild/ \g\%ate
other DPP-4 inhibitors

[27,29] weekly (m al ent)

Suitable (except saxagliptin) e\l e@}ia
oy
GO o\ Q
@\ﬁbferred
\Q\(\

Liver diseasef

Cardiovascular disease

Preferred to 1nsc1£ﬂ> ’{\ﬁO
GO

Economics 6@ P\ O(\
Cost na\z?refipgdl)%er GLP-1RA More costly than DPP-4 inhibitors,
eQa e(e similar to insulin treatment
2 Q( . OG\\ (including blood glucose
\\.\\\ ?e( o self-monitoring)

renal i 1mpalrm *&na ﬁ@e

etfnrmln (lactic acidosis)
sulphﬁnylureas (hypoglycaemia)

Preferred: insulin

Unsuitable: secretagogues (severe hepatic
disease) [90]

Preferred: metformin, acarbose

Unsuitable: intensive insulin therapy,
SUs[90]

Preferred: metformin, SUs

Nauck M., Diab Obes Metab 2016
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Characteristics of the “ideal” diabetes drug for a

“treat to success” strategy 0
« EFFICACY 66\9\6\\
A\

e Reduction in HbAlc significant and non inferior to other agents \\_@\\8‘ 6\3

e MOA potentially able to impact on disease progression 506\ ’\"@\\a
* TOLERABILITY 20 589

* Easy administration Ged\) O(\\\3(

e No need for titration O\,\ 6\6

e No minor drug associated allmértt}{]‘é\?%{@?oms ankles swelling, headache, itch, etc...)
« SAFETY 06« “O(\Q‘(\@

 No hypoglycemia rlqi@ O
* No weight gaé(ad qe®

e No ad @fl@? Q(Qgiﬁects

g{g\‘@%%(rﬁ\ghtable adverse effects on any organ or apparatus

‘O\@BSTAINABILITY
o Affordable cost/benefit ratio
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