
The Amyloid Cascade Hypothesis

(Hardy and Selkoe, 2002)
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Retromers in Alzheimer’s disease
(Small and Petsko, Nat. Rev. Neurosci. 16, 2015)
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Ab olig.           Caspase-3          Akt1             GSK3b p-Tau

Oligomers of Ab1-42 disrupt LTP in the hippocampus by inhibiting

the PtdIns-3-K/Akt/GSK3b pathway
(Cho and Collingridge’s lab, Nat. Neurosci., 2012)



Reducing the formation of b-amyloid peptide: a strategy for the 

design of disease-modifying drugs in Alzheimer’s Disease

From Sisodia & St George-Hyslop, 2002
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Mangialasche et al., Lancet Neurol, 2010



Doody et al., N. Engl. J. Med. 2013



Lannfelt et al., Alzh. Res. Ther. 2014



Amyloid hypothesis of Alzheimer’s disease: 

loss or gain of function?

From Sisodia & St George-Hyslop, 2002
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Monomers of b-amyloid are neuroprotective

(Giuffrida et al., J. Neurosci, 29, 10582, 2009)

Peptides dissolved in TFA, HFIP, suspended in DMSO, diluted in DMEM/F12,

overnight at cold T, isolated by filtration (cut-off 10, 30, 50 kDa)    

c

c



Neuroprotection by the b-amyloid monomer involves the

activation of a member of the insulin receptor family

PI-3-K

P-Akt

GSK3b

p-tau        b-catenin

Ins/IGF-I       mAb ?

PPP = type-I IGF receptor inhibitor

AG1014 =  IR/IGF-R1 inhibitor

IRSs



The Insulin Receptor Family

IR-A      IR-B          IR-A     type-1 IGF   “hybrid” IR/IGFR     IRR

Insulin                              IGF-I/IGF-II                                    ?



Monomeric b-amyloid acts as a positive allosteric modulator of

type-I  IGF receptors immune captured from transfected 3T3 cells

No effect on insulin receptor

DAEFRHDSGYEVHHQKLVFFA

EDVGSNKGAIIGLMVGGVVIA



Does amyloid monomer stimulate glucose uptake in neurons?

IR-A      IR-B          IR-A     type-1 IGF   “hybrid” IR/IGFR     IRR

Insulin                              IGF-I/IGF-II                                    ?



Monomeric b-amyloid stmulates glucose uptake in neurons



Monomeric b-amyloid stimulates translocation of the neuropil

Glut3 glucose transporter in neurons



Cirrito et al., Neuron 2008

Model of Synaptic-Dependent Release of Aβ



Endogenous production of b-amyloid monomers is required for

activity-dependent glucose uptake in neurons

g-Sec Inhib.



Dorsal Hippocampus
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Kainate-induced glucose uptake is inhibited by i.c.v. administration

of g-secretase inhibitor-IX



p

p

p

p

IRS1

PI3-K

AKT

GSK3b

b-catenin

IGF-R1

Ab(1-42)

monomer

?

Glucose

GLUT3

Neuronal 

survival

Glc     Glc6P

Fru6P

UDP-GlcNac

O-GlcNacylated Tau

Tau

GFAT

OGT

OGA

Phospho    O-GlcNac

Tau protein



Evidence for an imbalance between tau

O-GlcNAcylation and phosphorylation in the hippocampus of a mouse 

model of Alzheimer’s disease

Gatta et al., Pharmacological Research, 2016
12 months-old 3xTg-AD mice

a) presenilin-1 (PS1M146V), amyloid

precursor protein (APPSwe ), and tauP301L

b) hyperphosphorylated Tau protein (Oddo

et al., 2003)

c) Cognitive decline (Singh et al., 2011;

Knight et al., 2014),

d) Age-related reduction in glucose uptake

(Nicholson et al., 2010)

Tau glycosylation        Tau phosphorylation
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Enhanced phosphorylation and reduced O-GlcNAcetylation of

Tau protein in the hippocampus of AD mice
(Gatta et al., Pharmacol. Res., 2016)



No changes in expression or activity of O-GlcNAc-related enzymes

In the hippocampus of AD mice (Gatta et al., 2016)
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Neuroprotection by the b-amyloid monomer involves the

activation of a member of the insulin receptor family

Ctrl  mAb mAb AG

+ AG

p(Y1179)-IRS1

IRS1

p(S302)-IRS1

IRS1

PI-3-K

P-Akt

GSK3b

p-tau        b-catenin

Ins/IGF-I       mAb ?

PPP = selective inhibitor of type-I IGF receptor

AG1014 = dual inhibitor of IR and IGF-R1

IRSs



Neuroprotection by b-amyloid monomers is mediated by type-I IGF

receptors

DAEFRHDSGYEVHHQKLVFFA

EDVGSNKGAIIGLMVGGVVIA




