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Impact of Obesity and Diabetes on Human Brain
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Hazard Ratio

Two-way connection between Metabolic and
Neurodegenerative Diseases

1 2 3o0r4 O 1 2 3or4

Model 1 Model 2

Age, gender age, gender, ethnic group, education, and
APOE-€4 allele

Risk Profile Model 1 Model 2
No risk factors 1.0 1.0

DM only 3.6 (1.8,7.1) 3.8(1.8,8.2)
HTN only 1.4 (0.9,2.1) 1.5 (0.9,2.4)
HEART only 1.7 (0.8, 3.3) 1.0 (0.4,2.6)
SMOKE only 2.2(1.1,4.7) 2.2(1.0,4.9)
DM + HTN 3.3(1.9,5.4) 3.3(1.9,5.9)
DM + HEART 3.5(1.4,9.0) 3.7(1.2,11.1)
DM + SMOKE 13.7 (1.8,101.7) 7.4 (0.5,108.9)
HTN + HEART 2.3(1.5,3.5) 2.3(1.4,3.7)
HTN + SMOKE 2.2(1.0,4.7) 2.7 (1.2,6.1)
HEART + SMOKE 3.1(0.4,22.5) 5.9 (0.7, 46.9.)

3 or 4 risk factors

3.8(2.4,5.9)

3.4(2.1,5.7)

Luchsinger J et al. Neurology 2005; 23; 65(4):545-551
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Cumulative Incidence

0.005 0.010 0.015 0.020

0.000

Two-way connection between Metabolic and
Neurodegenerative Diseases

Non-DM . .
— M Percent of subjects with IR
100.0
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Yang YW et al. Medicine (Baltimore), 2017; 96(3):€5921; Hogg E et al. J Parkinsons Dis 2018; 8(2):259-265



Brain Insulin Action and Brain Insulin Resistance

Saturable, receptor-mediated process

Insulin sensitive brain regions

-

Neuronal Metabolism
Neuronal Development
Synaptic Efficacy
Neuronal Firing
Neuronal Survival

Local Insulin Sources
_ 1

* Local Energy on demand
* Local Suppression of

Excitation /

Fusiform gyrus

Insular cortex

Anterior cingulate cortex

Kullmann S. et al. Physiol Rev 96: 1169-1209; 2016. Batista AF et al. CNS Drugs 2018; Epub ahead of print

I BBB

Pancreatic Insulin

v Amyloid-B oligomers affect insulin

signal

v' Insulin signal impairment in

dopaminergic neurons (sub. nigra)

Homeostasis Memory Reward Inhibition v Inflammation
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v’ Chronic peripheral hyperinsulinemia
ttonti s ; Motivation dowpregl‘JIates‘B‘BB transporters
SIS SnSoly porcapuon Orbitofrontal cortex v" CNS insulin deficiency associated to

impaired synaptic plasticity, memory
and neurodegenerative diseases



Measuring Neuroplasticity in vivo
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Lunghi C, Morrone & Bridge. Curr Biol. 2015; 25(11): 1496-1501



Effects of Obesity and Bariatric Surgery on Neuroplasticity
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Lunghi C, Daniele G et al. iScience 2019 Dec 20;22:206-213 Manuscript under review



Effects of HFD and Exendin-4 on Visual Cortex
Signalling

INSULIN SIGNALLING GABA SIGNALLING
Phospho-AKT (S473) GAD2
£ 3
160 -
140 4 Control Control
* w 150 -
120 - B Exendin 4 B Exendin 4
T (25ng/kg) (25ng/kg)
100 T 100
Standard Diet High Fat Diet Standard Dlet High Fat Diet
Phospho-ERK (T202/Y204) VGAT
250 1 240 A
200 A Control 190 A Control
150 - [ M Exendin 4 140 - T B Exendin 4
(25ng/ml) T (25ng/kg)
100 - T 90 m—
Standar Diet High Fat Diet Standard Diet High Fat Diet

Preliminary Results *p<0.05 vs Standard Diet (control), t-Test



Gut-Brain Axis Evolution
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Torres-Fuentes C. et al. Lancet Gastroenterol Hepatol. 2017 Oct;2(10):747-756



Effect of Exenatide on Brain Cortex

Characteristic Lean Obese p-value b~
(meantSEM) (n=10) (n=10) Rest Non Food Rest Non Food
Food Food
Age 4416 45£5 NS Block Paradigm
Sex (% male) 44 50 NS N\ 30sper block / \ /
BMI 23.9:0.8 33.1#1.1 <0.0001 N\ ‘repe Hony \ /7
FPG (mg/dI) 95+2 9442 NS | : M : . : . :
2-hour PG (mg/dl) 9448 11444 0.03 0 30 . GQ . 90 120
HbA1c (mmol/mol) 33+0.3 34+0.3 0.18 Time {min)
FPI (LU/ml) 3.1#1.6 14.07.1 <0.05 Saline Exenatide
120 - Plasma Glucose
100 o o o 50 Plasma Insulin
80 -
_I —
E 60 é
%D 40 - =O=Lean )
20 - —i-Obese =
O T T 1 0 | | | |
0 20 40 60 0 20 40 60
Time from start of exenatide i.v. (min) Time from start of exenatide i.v. (min)

Binda P et al Diabetes Metab Res Rev. 2019 Sep;35:e3167



Image Data Analysis
Cortical Surfaces
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Fischl B. & Dale A.M. Proc. Natl. Acad. Sci. 2000; 11050-11055.

Salat D.H. et al. Cereb. Cortex 2004; 14(7): 721-730.




Effect of Exenatide on Raw BOLD Signal at Rest
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Binda P et al Diabetes Metab Res Rev. 2019 Sep;35:e3167



ROI* with Exenatide in Response to Food Images
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Binda P et al Diabetes Metab Res Rev. 2019 Sep;35:e3167



Brain Glucose Uptake in Response to Exenatide
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Daniele G et al. Diabetes 2015;64: 3406-12



CIVIRqucose
pmol/(mlemin)

CMRqucose
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*:p<0.05

Exenatide Effect on Brain Areas Involved in Glucose
Homeostasis and Food Intake
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Daniele G et al. Diabetes 2015;64: 3406-12



Exenatide-mediated Reduced Glucose Absorption Correlates
with Reduction of Glucose Cerebral Metabolic Rate
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Restoring Brain Insulin Signaling through Brain GLP-1 Action
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Csajbok EA et al. Diabetologia 2019 [Epub ahead of print]; Batista AF et al. CNS Drugs 2018; [Epub ahead of print]



Gut Hormones and Neurodegenerative Diseases

Drug Duration ID: NCT
— H H Exendin-4
_ _ 3 Parkinson Disease
—y 13_ Alzhelmer Dlsease " 4 PD; 2 mg 12 months 03456687
§ g 3- AD; 5-10 pg 18 months 01255163
< o 2— o
o~ S o Lixisenatide
[ 1 — 1 _
S 8 S - PD; 10-20 pg 12 months 03439943
QL a A
o 2 o Semaglutide
B £ -1
— o © _2 | PD; 1 mg 48 months 03659682
O oo &
0 c 3 NLYO1
o © - 1 -
g ‘5 _4, _‘_ Exenatide _._ Placebo HS; 0-25-10 mg 2 months 03672604
-5 : . : : : Liraglutide
Placebo 12 24 36 48 60 AD; 1.8 mg 12 months 01843075
Liraglutide Weeks
PD; 1.2-1.8 mg 14 months 02953665
Motor Performance Dopamine Synthesis Beta Amyloid Plaque in the Cortex
. . c
(GLP-1/GIP dual agonist) 015 (GLP-1/GIP dual agonist) S 47 (GLP-1/GIP/Glucagon triple agonist)
(8]
200 . ;S:ég § 3 *k %
__150 Rrx 010 —— ;;; 8
L —— - _ |
v 100 ok o) *rx —_— D 2
£ 0.05 | igssg =i %
T %o it
© ——
control MPTP Liraglu DA3 control MPTP Liraglu DA3 - 0~
+MPTP  +MPTP +MPTP +MPTP o control APP/PS1 APP/PS1+TA
Athauda D et al Lancet. 2017 Oct 7;390(10103):1664-1675 J. Tai et al. Brain Research 1678 (2018) 64-74

Yuan Z et al. Eur J Pharmacol. 2017 Oct 5;812:82-90 Gejl M et al. Front Aging Neurosci. 2016 May 24;8:108



Conclusion

* Diabetes and neurodegenerative diseases share common
mechanisms leading to peripheral and/or central insulin
resistance

* Peripheral insulin resistance amelioration is associated to
improved brain plasticity in morbidly obese subjects

* Dual/triple agonists treatments are associated to a promising
neuroprotective effects that may be brought into clinical use
in the near future
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