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Diabete e Demenza: epidemiologia
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Diabete e Sistema Nervoso Centrale:
PARTNERS IN CRIME?
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Agenda Le promesse dei nuovi farmaci sul SNC

GLP1 agonisti

SGLT2 inibitori

Doppi agonisti recettoriali GLP1-GIP




GLP-1 RA e Sistema Nervoso Centrale

GLP-1RA actions
J Food intake
T Aversive response
¥ Gut motility
4 Neuroinflammation
1 Neuroprotection

PPG neuron actions
J Food intake
T Heart rate

B A McLean Endocr Rev. 2021 Mar 15;42(2):101-132
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GLP-1R espresso nel cervello murino

Il GLP-1R é espresso in aree
dell’ippocampo coinvolte
nell'apprendimento e nella memoria

e | topi carenti di GLP-1R hanno un fenotipo
caratterizzato da un deficit di apprendimento
che viene ripristinato dopo il trasferimento del
gene GLP-1R ippocampale

e | ratti che sovraesprimono il GLP-1R
dell'ippocampo mostrano un miglioramento

T dell'apprendimento e della memoria

50+ brain regions

Areas in neon green reflect GLP-1 receptor expression

Jensen et al. Endocrinology 2017;159:665-675



GLP-1 RA e Decadimento Cognitivo: Studi Preclinici

Studies Experiment GLP-1RA Observations
Preclinical studies Animal model
AD features
Plaque load APP/PS1/tau mice Liraglutide Reduction of plaque load
5xFAD mice Liraglutide Reduction of plaque load
APP/PS1 mice Lixisenatide Reduction of plaque load
3xTg-AD mice Exendin-4 Reduction of plaque load
Tau phosphorylation APP/PS1/tau mice Liraglutide Reduction of
hTauP301L mice Liraglutide neurofibrillary tangles
AB iI‘ljeCtiOIl in mice Liraglutlde Reduced Tau
APP/PS1 x db/db mice Liraglutide phosphorylation
Streptozotocin injection in Dulaglutide Reduced Tau
mice phosphorylation
Reduced Tau
phosphorylation
Reduced Tau
phosphorylation
Cognitive and AP injection in mice Liraglutide Improved cognitive
memory performance AP injection in rats Lixisenatide impairment
Streptozotocin injectionin  Dulaglutide Improved spatial memory
mice Improved memory ability
Other ApB injection in Liraglutide Reduced synaptic loss
non-human primates
PD features
Dopaminergic neuronal loss | 6-OHDA rat model Liraglutide No influence on
6-OHDA rat model Exendin-4 dopaminergic neuronal
6-OHDA rat model Exendin-4’ loss
Neurogenesis
Reduced lesions
Motor performance MPTP mouse model Liraglutide Improved motor control
MPTP mouse model Lixisenatide Improved motor control
a-synuclein aggregation Preformed fibrils injection ~ Exendin-4 (NLY01) Reduced loss of
in striatum of human Exendin-4 dopaminergic neurons

AS3T o-synuclein mice
Preformed fibrils injection
in the olfactory bulb of
C57BL /6] mice

and improved motor
performance

No significant reduction of
a-synuclein aggregation

Monti G. Cells 2022, 11(13), 2023



® @ Effect of dulaglutide on cognitive impairment in

CrossMark

type 2 diabetes: an exploratory analysis of the REWIND trial

Tali Cukierman-Yaffe*, Hertzel C Gerstein*, Helen M Colhoun, Rafael Diaz, Luis-Emilio Garcia-Pérez, Mark Lakshmanan, Angelyn Bethel,

Denis Xavier, Jeffrey Probstfield, Matthew C Riddle, Lars Rydén, Charles Messan Atisso, Stephanie Hall, Purnima Rao-Melacini, Jan Basile,
William C Cushman, Edward Franek, Matyas Keltai, Fernando Lanas, Lawrence A Leiter, Patricio Lopez-Jaramillo, Valdis Pirags, Nana Pogosova,
Peter | Raubenheimer, Jonathan E Shaw, Wayne H-H Sheu, Theodora Temelkova-Kurktschiev

Risk of substantive cognitive impairment,
adjusted for baseline standardised MoCA and DSST scores

* 9901 partecipanti HR (95% CI) p-value
° Durata mediana del fO"OW Up 5-4 anni | SCl adjusted for baseline scores —0— 0.86 (0.79; 0.95) 0.0018
SClI adjusted for baseline scores and age — 0.86 (0.78; 0.94) 0.0014
o . o SCI adjusted for baseline scores, age, ethnic origin and education — 0.87 (0.79; 0.95) 0.0032
D u I agl Ut I d e rld u ce I I SCI adjusted for baseline scores, age, sex and education — 0.87 (0.79; 0.96) 0.0034
L] L] L]

decadimento cognitivo del 14%

° SCl or death adjusted for baseline scores — 0.88 (0.81; 0.95) 0.0014
L]
rispetto al placebo (HR 0-86, €01 o stroke adjusted fo baseline scres —— | osomosn oo
9 5% C I 0 ° 7 9_0 ° 9 5; p =0 ° 00 1 8) ° SCl, stroke or TIA adjusted for baseline scores ¢ 0.85 (0.78; 0.92) 0.00017
SCl, stroke, TIA or death adjusted for baseline scores 0.87 (0.80; 0.94) 0.00032
0,75 1.0 1.25

HR (95% Cl)

Cl, confidence interval; DSST, Digit Symbol Substitution Test; HR, hazard ratio; MoCA, Montreal Cognitive Assessment; SCl, substantive cognitive impairment; SD, standard deviation; T2D, type 2 diabetes;
TIA, transient ischaemic attack

Cukierman-Yaffe T et al. Lancet Neurol 2020;19:582-590



Dulaglutide e decadimento cognitivo: analisi eplorativa dello studio REWIND

Dulaglutide Placebo Baseline-adjusted p,..ocion
HR (95% CI)
Events/patients (%) Events/100 patient-years Events/patients (%) Events/100 patient-years
Age
>70years 326/1128 (29%) 6.06 340/1086 (31%) 6.66 . 0-83 (0-71-0-97)
<70years 579/3328 (17%) 341 604/3286 (18%) 363 — 0-89(079-1.:00) 023
Sex
Female 472/2081(23%) 459 494/2027 (24%) 4.97 —— 0-96 (0-84-1-09)
Male 433/2375 (18%) 359 450/2345 (19%) 382 —— 079(0-69-0-90)  0-032
Education
>12years 218/1731(13%) 237 218/1733 (13%) 239 —om 0.86 (0.71-1.04)
=12years 679/2717 (25%) 517 721/2633(27%) 573 —_— 0-88(0-79-097) 077
VD
No previous CVD 555/2815 (20%) 389 602/2783 (22%) 432 —.— 0-85 (0-76-0-96)
Previous CVD 297/1373 (22%) 437 288/1351 (21%) 433 — e 0-90(0-76-1.06) 088
Stroke orTIA
No previous stroke or TIA 802/4065 (20%) 392 828/3975 (21%) 417 - 0-87 (0-79-0-96)
Previous stroke orTIA 103/388 (27%) 5.60 115/393 (29%) 6.15 e 0.90(0-68-1.18) 095
HbA,,
>81% 237/1061 (22%) 454 257/1061 (24%) 499 — 0-83 (0-69-0-99)
<8.1% 668/3386 (20%) 391 685/3299 (21%) 415 - 0.87(0-79-0.98) 070
Baseline log ACR
<-0-062 256/1388 (18%) 358 248/1342 (19%) 361 —s—  1.01(0-85-1.21)
-0-062to-1-35 278/1421 (20%) 3-88 304/1389 (22%) 434 —— 0-85 (0.72-1-01)
>135 321/1363 (24%) 4-89 334/1358 (25%) 516 —.— 0-80(0-69-0-94) 0-072
Baseline eGFR
=60 mL/min per 173 m’ 653/3405 (19%) 378 681/3315 (21%) 409 —— 0-86 (0-77-0-96)
<60 mL/min per 1.73 m? 220/938 (24%) 4.88 232/945 (25%) 512 — s 0-85(071-1.03) 090
Standardised baseline MoCA
>1unit 507/3755 (14%) 2:60 523/3674 (14%) 275 m 0-89 (0-78-1.00)
=-1unit 390/693 (56%) 13.98 416/692 (60%) 155 —— 0.87(076-1.00) 063
Standardised baseline DSST
>=1unit 578/3866 (15%) 29 599/3784 (16%) 3.08 —-— 0-85 (076-0-96)
=-1unit 312/567 (55%) 1368 331/569 (58%) 1488 —a— 0-89(077-1:04) 092
Overall 905/4456 (20%) 4.05 944/4372 (22%) 435 - 0-86 (0-79-0-95)
[ 1
050 10 2:0

Favours dulaglutide  Favours placebo

Dulaglutide mostra un impatto
positivo su diversi indicatori di
declino cognitivo
indipendentemente dalla storia
di ictus o malattia
cardiovascolare

Cukierman-Yaffeet al. Lancet Neurol 2020; 19: 582-90



Diagnosi di Demenza nei soggetti trattati con liraglutide o
semaglutide nei CVOTs

Patient with an event (%)

rischio di demenza con GLP-1RA (liraglutide o semaglutide) rispetto al placebo

1.0 - nella pooled post-hoc analysis: -53%
0.8 1 .
:'IR‘ 0.47 ) Placebo events
95% Cl: 0.25; 0.86 _ ‘
0.6 1 =0.015 =
p=0.
0.4 GLP-1RA events
(n=15)
0.2 I
0.0 ; ; ; . ' ' ' ' '
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Time from randomisation (years)

Cl, confidence interval; GLP-1RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio

Ngrgaard CH, Alzheimers Dement (NY). 2022; 8(1): e12268.
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Clinical Research

Liraglutide improves memory in obese patients with prediabetes or
early type 2 diabetes: a randomized, controlled study

>

Francesco Vadini' + Paola G. Simeone® - Andrea Boccatonda® + Maria T. Guagnano® * Rossella Liani® -
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P=0.041
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Il miglioramento della memoria a breve termine (mean Digit
Span Z score from -0.06 to 0.80, p = 0.024) e dello score
composito z-score (mean memory z-score from -0.67 to ¢
0.032, p = 0.0065) e stato osservato solo nei soggetti in 2 A
terapia con liraglutide nonostante una perdita di peso ed un .-_E
controllo glicemico sovrapponibili nei soggetti di controllo. -
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Vadini F. Int J Obes (Lond). 2020 Jun;44(6):1254-1263



Exenatide once weekly versus placebo in Parkinson’s disease: a

randomised, double-blind, placebo-controlled trial 62 pazienti

Follow-Up: 48 settimane
Dilan Athauda, MRCP, . . . .
Sobell Department of Motor Neuroscience, University College London Institute of Neurclogy and Exclusion Criteria: Diabete

the Mational Hospital for Neurology and Meurosurgery, London, UK

Change in MDS-UPDRS part 3 score
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Athauda D, Lancet, 2017; 390: 1664-1675
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L'effetto neuroprotettivo del GLP-1 RA potrebbe essere indipendente
dalla normalizzazione della glicemia

Brain infarct volume, %

’

Non-diabetic
control rats

p<0,01

MNon-diabetic
liraglutide-treated rats

L |

Diabetic control rals Diabetic liraglutide- Diabetic metiormin-

treated rats

treated rats

18

15

12

Neurologic deficit score, points

Tl

Non-diabetic Non-diabetic Diabetic control rats  Diabetic liraglutide- Diabetic metformin-
control rats liraglutide-treated rats treated rats ireated rals

Il pretrattamento con liraglutide riduceva I'area di infarto sia in ratti diabetici che non diabetici
mentre il deficit neurologico migliorava solo negli animali non diabetici trattati con liraglutide.

Filchenko I. Diab Vasc Dis Res . 2018 Nov;15(6):567-570



GLP-1 RA in pazienti con malattia di Alzheimer
e metabolismo cerebrale del glucosio
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Il trattamento con liraglutide in soggetti con malattia di
Alzheimer ha prevenuto le alterazioni del metabolismo
b cerebrale del glucosio che in questa patologia risultano

' s associato a declino cognitivo, disfunzione sinaptica e
progressione della malattia.

FDG= Deossiglucosio marcato AL
L o oF o
CMR glic = metabolismo cerebrale del glucosio

Placebo Group Liraglutide Group

Gejl et al. Front. Aging Neurosci. 8:108, 2016



Effetti Neuroprotettivi dei GLP-1RA
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GLP-1RA treatment
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Muscogiuri et al. Trends in Endocrinology & Metabolism, February 2017, Vol. 28, No. 2



Declino Cognitivo
e Malattia di Alzheimer

/\

Semaglutide . )
Liraglutide
EVOKE Program
Liraglutide 1.8 mg/die vs Empagliflozin 25
) ) mg/die vs Linagliptin 5 mg/die
Semaglutide 14 mg/daily Semaglutide 14 mg/daily (_NBCT02953665§
(NCT04777396) — EVOKE (NCT04466345)
(NCT04777409) - EVOKE Plus _ _ Study Population: T2DM not
- . Study Population: Major controlled with metfotmin alone
Study Population: Mild cognitive depressive disease
impairment Primary Outcome: change in
Primary Outcome: MoCA
Primary Outcome: change in change in Trail Making Test -B
Clinical Dementia Rating (concentration and attention) Duration: 12 months
. Ext. End: August 2027
Duration: 173 weeks Duration: 12 weeks
Ext. End: April 2026 Ext. End: Oct 2024

clinicaltrials.gov



SGLT2 inibitori e Sistema Nervoso Centrale
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Empagliflozin migliora la performance
cognitiva in modelli murini di diabete
(16 weeks old)

Rizzo MR, Pharmacological Research 176 (2022) 106062
Lin B. Cardiovasc Diabetol. (2014) Oct 26;13:148.



Total travelled distance

Rearing frequency

Mean speed (m/s)

Immobility time (s)

SGLT2 inibitori e SNC

Line crossings

Dapagliflozin ha attenuato la disfunzione motoria
in modello murino di Parkinson Disease indotta da
rotenone e ha migliorato la coordinazione motoria

Harab HH. ACS Chem. Neurosci. 2021, 12, 689-703



SGLT2 inibitori e SNC

SGLT2i
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POTENTIAL DIRECT and INDIRECT EFFECTS

OXIDATIVE STRESS * VASCULAR ASPECTS
NEUROINFLAMMATION * INSULIN SIGNALING
AMYLOID BRAIN LEVELS * MITOCHONDRIAL FUNCTION
BRAIN DAMAGE mTOR PATHWAY

COGNITIVE IMPAIRMENT REDUCTION

Rizzo MR, Pharmacological Research 176 (2022) 106062



Doppi Agonisti GLP1-GIP: effetti su modelli murini di Malattia di Alzheimer

Comparison of DA4-JC and liraglutide in the APP/PS1 mouse model of AD B VT saline
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Christian Hélscher. Br J Pharmacol. 2022 Feb;179(4):695-714.



Terapia del Diabete Mellito Tipo 2 oltre la glicemia:
le promesse dei nuovi farmaci sul SNC

CONCLUSIONI

* Inuno scenario, al momento, carente di terapie «disease
modifier» come quello delle malattie neurodegenerative, il
trattamento con i GLP1-RA sembra avere un grande
potenziale.

* Sulla base delle evidenze oggi disponibili, SGLT2i e doppi
agonisti recettoriali sembrano essere terapie molto
promettenti. Tuttavia, sono necessari trial clinici mirati per
approfondire i loro possibili benefici sulle malattie
neurodegenerative.

“The Sweet Trail to Neuroprotection”




