
Neurodegenerative disorders: 
Next years pandemic



Estimated prevalence of dementia is projected to 

double every 20 years 

1. Alzheimer’s Disease International: World Alzheimer Report 2019. Available from: https://www.alz.co.uk/research/WorldAlzheimerReport2019 (Accessed February 

13, 2020); 2. Alzheimer’s Disease International: World Alzheimer Report 2018. Available from: https://www.alz.co.uk/research/WorldAlzheimerReport2018.pdf?2 

(Accessed November 12, 2018); 3. Alzheimer’s Disease International: World Alzheimer Report 2015. Available from: 

https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf (Accessed November 12, 2018); 4. Alzheimer Europe Dementia Yearbook Report 2019. Available 

from: https://www.alzheimer-europe.org/Publications/Dementia-in-Europe-Yearbooks (Accessed March 13, 2020)
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NEURODEGENERATIVE DISORDERS

CLINICAL CHARACTERISTICS

• slow and sneaky onset

• progressive course

• in general simmetric symptoms and signs

• age correlation

• clinical presentation reflects primitive 

involvement of  some neuronal systems

• overlap between disorders



GENETIC CHARACTERISTICS

• Rare forms with mendelian pattern 

• Different Mutations: puntiform -

deletions- esonic or intronic expansions

• Variable penetrance – interacting

genetic, epigenetic and env. factors

• Some mitochondrial transmission

(matrilinear)

• High prevalence of sporadic forms, with 

genetic risk factors (polymorphisms)



Anatomo-pathologic features

• Apoptosis and progressive neuronal death

• Synaptic dysfunction

• Involvement of correlated neuronal systems

• Microglia involvement (neuroinflammation) 

• Misfoded proteins accumulation

PATHOLOGY PRECEDES SYMPTOMS BY YEARS 



PATHOLOGY: FROM 

MOLECULES TO NETWORKS



Common  pathogenetic mechanisms in 

neurodegenerative diseases

Mutations/polymorphisms Misfolded protein Aging/environment  

Autophagy/proteasome failure

Oligomers Prion-like spreading                    Fibrils

Oxidative stress Excitotoxicity  Neuroinflammation

Synaptic/axonal damage 

Cell Death 



Interrelated neurodegenerative proteinopathies

Image from: Golde TE, et al. J Clin Invest 2013;123:1847–1855

Aβ, amyloid beta; AD, Alzheimer's disease; AGD, argyrophilic grain disease; ALS, amyotrophic lateral sclerosis; αSyn, α-synuclein; CBD, corticobasal degeneration; 

DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; HD, Huntington’s disease; MSA, multiple system atrophy; Perry synd., Perry syndrome; PD, Parkinson’s 

disease; PDC, Parkinsonism-dementia complex; PiD, Pick’s disease; PSP, progressive supranuclear palsy; TDP-43, transactive response DNA binding protein 

Golde TE, et al. J Clin Invest 2013;123:1847–1855

Schematic of the interrelated neurodegenerative proteinopathies. Diseases are organized in color blocks that indicate their primary proteinaceous 

aggregate. AD has primary proteinaceous aggregates of both Aβ (orange) and tau (dark green) and is designated red. Diseases are connected to 

proteinaceous aggregates that can be observed in at least some cases of the disease with lines
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Pathology of Parkinson’s disease



Disease hallmarks

● Loss of dopamine-

producing neurons in the 

substantia nigra pars 

compacta (SNpc).

● Alpha-synuclein (aSN) 

enriched inclusions known 

as Lewy-Bodies.

Dauer W. et al, Neuron, 2003



 Main constituent of Lewy bodies (LBs).

 Ubiquitously expressed, especially in

presynaptic terminals.

 May aggregate and form insoluble fibrils in vitro

and in vivo (LBs). 

 SNCA gene mutations, multiplications as well as its increased

expression due to its promoter variant (REP1), the exposure 

to toxic agents (oxidants, metals, pesticides), its decreased

degradation may promote alpha-synuclein protein aggregation. 

Alpha-synuclein





YEARS FROM DISEASE ONSET 

TO DIAGNOSIS



Lang and Lozano 1998

The Sites of Neurodegeneration and Neurochemical 

Pathways Involved in Parkinson's Disease. 

The sites characterized by pathological changes in 

Parkinson's disease are dark blue (see the text for 

details). The neurochemical pathways that are affected 

by this disease are indicated by the colored arrows. The 

destinations of these pathways are indicated on the axial 

"sections" by the points of the arrows and on the 

sagittal section of the brain by colored outlining (red 

indicates dopamine; green, norepinephrine; orange, 

serotonin; and turquoise, acetylcholine).

PD: widespread 

pathology



Braak, et al. Neurobiology of Aging 2003; 24:197-211

Braak

Stages





a-Synuclein induced 

degeneration
• Aggregation and fibrillation are thought to play a 

central role

– Lead to a dysfunction in protein handling by inhibiting 

proteasome and autophagy

– How mutations in a-synuclein cause selective 

degeneration of dopaminergic neurons, since a-

synuclein is a ubiquitously expressed protein?

• Oxidative ligation of dopamine to a-synuclein leads to 

the accumulation of the a-synuclein protofibril, which 

may be the toxic a-synuclein moiety



Oxidative stress and antioxidants









Parkin mutations

Structure of parkin and a 
model of parkin-mediated 
ubiquitination and its 
substrates

Top: Modular architecture of parkin
and location of familial-associated 
disease-causing missense mutations. 
Disease-causing deletions, insertions, 
and frameshifts are not depicted.

Bottom: Model of parkin-mediated 

ubiquitination and Lewy body 
formation.





DJ-1 mutations

• Mutations of the DJ-1 gene cause parkinsonism probably 
through a loss of function

• Putative role in protecting neurons from oxidative 
stress
– DJ-1 is a hydroperoxide-responsive protein that becomes 

more acidic following oxidative stress

– In the presence of oxidative stress, wild-type DJ-1 
translocates to the outer mitochondrial membrane 
and is associated with neuroprotection
• This translocation is induced by oxidative post-translational modification 

of a key cysteine residue within the active site of DJ-1

• It remains unclear how the mitochondrial translocation of DJ-1 confers 
protection, and this finding has yet to be confirmed for the endogenous 
protein
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PINK1 and mitochondria

• Both wild-type and mutant PINK1 proteins 

primarily locate to the mitochondrion

• In cell culture, wild-type PINK1 seems to protect 

cells from stress-induced mitochondrial 

dysfunction as well as stress induced apoptosis

• The PINK1 gene provides a direct molecular link 

between mitochondria and PD, formerly 

suspected from indirect evidence





LOSS AND GAIN OF FUNCTIONS



Parkinson’s disease

Genome Environment
Typical 

PD 

cases

Genetic cause Exposure

Manganese

MPTP

PARK2 (parkin disease)

PARK6 (PINK1 disease)
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Alzheimer disease: 

clinical-pathological construct

Brain atrophy
Senile Plaques
Neurofibrillary tangles

A. Alzheimer, 1906

Presenile 
dementia

In vivo diagnosis is only «probable», certainty is by autopsy



AD pathological hallmarks



Proteolytic processing of β-amyloid (Aβ) 

precursor protein βAPP.
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Genetic evidence for the 

primary role of Abeta

• Dose effect of Abeta production in Down 

syndrome

• Increased Abeta production in mutations of 

APP, PS1, PS2 and SORL1 genes

• Decreased Abeta production in protective

APP A673T mutation (decreased BACE activity)

• Most genetic risk factors interact with 

Abeta processing and pathways
(Nat Genetics, Dec 2013 Meta-analysis of 74.000 individuals)





secretases
bg

Ab

misfolded Ab

Ab oligomers 

Ab amyloid
deposits

mature 
amyloid 
plaques

glial activation: neuroinflammation

tau pathology and 

neurotoxicity

APP

Ab cascade hypothesis of AD
Hardy J. and Selkoe D. (2002) Science 297:353-6



Abeta metabolism





tau hyperphosphorylation

• GSK-3b is upregulated in AD 

• GSK-3 and Cdk5 are 
associated with all stages of
neurofibrillary pathology 

• The activity of PP-1 and PP-2A
is decresed by 20% in AD 

• The level of the inhibitor I1
PP2A

is 20% increased in AD

Kinases Phosphatases

breakdown of 
microtubule
network

self-assembly into
PHF and NFT 

formation

compromised axoplasmic flow

retrograde degeneration (loss of synapses)

death of neurons





APP

PS/b-γ-secretase

Aβ Τ phosphorilation
kinases

Inflammation

Vascular   

damage

OXIDATIVE STRESS

Mitochondrial damage

EXCITOTOXICITY

CELL DEATH

Parallel rather than serial events triggered by Aβ

fibrils oligomers

oligomers

Target: Aβ monomers, oligomers, fibrils, Aβ-related pathways? 







Cerebral Amyloid Angiopathy 

Could Abeta deposition both induce 

and be induced by vascular damage?



Vascular 

Hypothesis



Mechanisms 

of  Abeta 

clearance 

through 

vessel walls



Abeta drainage

within perivascular space

Failure of Abeta drainage:

CAA



Age reated impairement of lymphatic drainage 

lead to white matter changes (T2 and Flair NMR)



Vascular age related changes lead to AD pathology



Abeta lead to 

vascular damage 



Synergic and bidirectional effect



NEUROINFLAMMATION
CNS-Peripheral immune system: from «Ivory Tower» to 

integrated system in physiology and in neurodegenerative disorders



Modified from

PAMPs DAMPs

Vagus

nerve

afferent

Afferent arc:

peripheral cytokines and vagus

nerve

Efferent arc: 

vagus nerve



2008



What acts as chemoattractant in brain toward amyloid

plaques?

Microglia relased chemochines?

Beta Amyloid?

Both?



Our Aim:

To verify if patho-physiological

Abeta 1-42 levels (125 pM) are 

able to induce monocyte

chemotaxis in AD patients.

Possible mechanisms?

Increased monocytes chemotaxis to MCP-1

2013

Non physiological

nanomolar

concentrations!



THP-1 cells

( acute monocytic

leukemia)

Human Monocytes

(from CTRL and AD)

 24 h incubation 

 images acquired every 4 minutes 

with TLM

μ-slide chambers

 90 min incubation

 50˙000 cellule/well

 Cells in lower chamber counted

Boyden chambers

Models and 

methods:



THP-1
Basale MCP-1 Abeta

Results: tracking Abeta induced chemotaxis

Basal



Human 

monocytes

Results: counting cells after Abeta induced chemotaxis
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Which receptors

may be involved in 

Abeta-induced

chemotaxis?



Antagonist

 Emapunil (XBD-173)

Agonists

Exogenous PBR (TSPO) ligands

 PK11195

Mechanisms involved in Abeta induced chemotaxis: 

Possible role of PBR/TSPO receptor?

 Ro5-4864



Microglial activation is

revealed by PK11195 binding

to TSPO receptor

First studies on microglial

activation in 

neurodegenerative 

diseases



PBR/TSPO is present on mitochondrial

and plasma membrane



1993

Acta Psychiatr Scand. 1990 Aug;82(2):169-73.

Decreased density of benzodiazepine 

receptors in lymphocytes of anxious

patients: reversal after chronic

diazepam treatment.

Ferrarese C, Appollonio I, Frigo M, Perego M, Piolti R, 

Trabucchi M, Frattola L.



TSPO Agonist: Ro5-4864 (10 μM) increases basal monocyte

chemotaxis

Results: TSPO pharmacological modulation 

T H P - 1 A D  m o n o c y t e s

0

1

2

3

c
h

e
m

o
t
a

c
t
ic

 i
n

d
e

x

*

*

*  p < 0 . 0 5  v s  b a s a l

1= Basal



TSPO Antagonist: PK-11195 blocks Abeta induced

chemotaxis

THP-1 AD Monocytes

Results: TSPO pharmacological modulation 
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Endogenous PBR/TSPO ligands: DBI (Diazepam Binding Inhibitor) 

1. DBI is released

from GABAergic

neurons

Binds Central 

Benzodiaz. 

Receptors and acts

as negative allosteric

modulator

ansiogenic and 

epileptogenic clinical

effect

PROCESSING OF DBI (biologically active

peptides):

- triakontatetraneuropeptide TTN (DBI17–

50)

- octadecaneuropeptide ODN (DBI33–50)

2. DBI binds PBR/TSPO in mitochondria of

glial cells/steroidogenic glands and

lymphomonocytes

Glial cells, steroidogenic glands



Is there a role for endogenous ligands?

DBI levels in CSF

CSF DBI ng/ml
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N=23 AD patients

r=0,50 p<0,05

Correlation between CSF and serum DBI

unpublished data

CSF DBI ng/ml

r=0,57 p<0,01

DBI levels in CSF correlate with marker of neurodegeneration

Evaluation of T-Tau (unpublished results)





Inflammatory model of Delirium



interplay of CNS and periphery in neuroinflammation

lymphomonocytes play a central role in: 

cytokines and anti Abeta Ab production, Abeta phagocytosis and 

chemotaxis

DBI/TSPO as key

players in 

CNS/peripheral links

Peripheral

biomarkers as

new tools for 

personalized

medicine



New therapeutic strategies  

• Anti-amyloid drugs:

decrease production: enzymatic inhibitors

removal: immunotherapy

• Anti-TAU drugs

• Anti-inflammatory strategies





Beginning of anti amyloid 

strategies
• 1999 Transgenic mice immunized with Ab1-42 display 

reduced plaque burden (Schenck et al, Nature 1999)

• 2000 Immunized mice display better cognitive 
performance  (Janus et al.,; Morgan et al., Nature 2000)

• 2001 Phase I trial: no adverse reactions after single 
injection of AN-1792.

• 2002 Phase II trial on 372 patients: stopped for  meningo-
encephalites in 18 (6%) patients



Passive immunization
• Bapineuzumab (Pfizer): binds N-terminal Abeta epitope, mainly fibrils and 

plaques 

• Solaneuzumab (Lilly): binds mid-domain Abeta epitope, only soluble monomers

• Gantenerumab (Roche): binds N-terminal and mid-domain Abeta, mainly fibrils 

• Crenezumab (Genentech-Roche): binds N-terminal and mid-domain Abeta, 

mainly oligomers

• Aducanumab (Biogen): binds N-terminal Abeta, fibrils and oligomeric forms

• BAN 2401(EISAI): binds preferentially protofibrils and fibrils, with low affinity for 

monomers and oligomers





Microglia

Apo-E





the Neurovascular damage 

CEREBRAL AMYLOID ANGIOPATHY



CORRELATES OF CAA

 Major Haemorrage(s) (lobar or cortical-

subcortical) (MH)

 Multiple Cerebral Microbleeds (CMB)

 Convexity Subarachnoid Haemorrhage (SAH)

 Cortical Superficial Siderosis (CSS)

 CAA-RI (related

inflammation)



Adverse effects of Abeta immunization: 

Amyloid Related Imaging Abnormalities (ARIA)

Brain Edema (ARIA-E)           Brain Hemorrhage (ARIA-H)





F Piazza et al. Ann Neurol. 2013 Feb 11

CA

acute phase (FLAIR) Microhaemorrhages (T2*)

Remission

after steroid

treatment

Acute phase



EDITORIALS

N ENGL J MED 370; JANUARY 23, 2014: 377

Antiamyloid Therapy for Alzheimer’s Disease —

Are We on the Right Road? 
Eric Karran, Ph.D., and John Hardy, Ph.D.



PROBLEMS WITH ANTI-AMYLOID 

THERAPIES AND NEW STRATEGIES

1. Too late ?: lack of efficacy in demented patients

treat earlier: prodromal (MCI) or preclinical

AD (DIAN, A4 and API trials)

2. Too little ?: not enough drug for side effects

dose escalation and dose adjustments

Increase brain penetration by nanoparticles?

2. Right patient target ? : not AD patients

select biomarker positive by PET and CSF



Alzheimer’s disease pathology is thought to begin 15–20 years 

before clinical presentation 

*Please note that the placement of symptoms around the image do not correspond to specific regions of the brain 

Aβ, amyloid beta; AD, Alzheimer's disease 

1. Mathur R, et al. PLoS One 2015;10:e0118463; 2. Day RJ, et al. PLoS One 2015;10:e0132637; 

3. Jack CR, et al. Alzheimers Dement 2018;14:535–562; 4. Bateman RJ, et al. N Engl J Med 2012;367:795–804

Aβ1 Tau2

Progressive symptoms*

• AD pathologic changes in the brain start 15–20 years before the development 

of symptoms3,4

• AD is now considered a continuum, consisting of a preclinical stage and 

progressing to AD dementia3

• Disease-modifying therapies aiming to interfere with the underlying 

pathophysiologic mechanisms of the disease process that lead to cell death

may need to be initiated early in the course of disease4

−20 years −15 years Onset of disease





Alzheimer Disease (AD) vs Alzheimer 

Dementia

CLINICAL-BIOMARKERS CONSTRUCT



3-class categorization: ATN biomarker 

• B-amyloid plaques or assoc. pathophysiology (A) - specific

– CSF Ab 42 (low), or better low 42/40 ratio

– Amyloid PET

• Aggregated tau or assoc. pathophysiology (T) - specific

– CSF phosphorylated tau (high)

– Tau PET

• Neuronal injury and neurodegeneration (N) – non specific

– Structural MRI

– FDG  PET

– CSF total tau (high)







Challenges of pre-clinical trials

• Difficulty to assess the level of risk, subtle cognitive 

changes and clinical progression

• Need for long-term follow-up (5-10 years?)

• Need for biochemical markers (PET – CSF) as

surrogate end-points: related to clinical progression? 

• Legal, Ethical and Economical problems !



THE FUTURE IN AD TREATMENT: 

prevention BETTER than treatment

PERSONALISED MEDICINE

• Biomarkers for preclinical diagnosis
Preclinical – Prodromal AD (MCI): level of risk
assessment

• EARLY DMD - “TARGETED” DMD

• DIFFERENT DRUGS AT DIFFERENT STAGES (anti-Abeta –
Anti TAU – antioxidants…others?)

• COMBINATION THERAPIES

WHEN? (2 - 5 – 10 – 20 YEARS ?)












