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Alzheimer’s Disease

1906: first case described

(Auguste Deter, 51 yrs)

A. Alzheimer

Über eine eigenartige Erkrankung der Hirnrinde

Allg Zeitschr Psychiatr, 64 (1907), pp. 146–148

Alois Alzheimer

(1863-1915)

Gaetano Perusini

(1879-1915)

Histopathology:

- Amyloid plaques

(diffuse, neuritic)

- Neurofibrillary tangles

Protein

misfolding



Ab and Tau in Alzheimer’s disease

gamma secretase and beta secretase act together in a proteolytic

process which causes APP to be divided into smaller fragments 

giving rise to fibrils of amyloid beta

Neurofibrillary tangles are 

aggregates of the microtubule-

associated protein tau which has 

become hyperphosphorylated

and accumulate inside the cells 

themselves

https://en.wikipedia.org/wiki/Gamma_secretase
https://en.wikipedia.org/wiki/Beta-secretase_1
https://en.wikipedia.org/wiki/Proteolysis


2015

Genetics:

- Families with an autosomal dominant transmission observed since the 80’

- Early onset (40-60) Penetrance: complete



Frontotemporal Lobar Degeneration (FLTD) 

70-80% 
Frontotemporal 
Dementia(FTD) 

2014 The Association for Frontotemporal Degeneration.

http://www.alzforum.org/print-series/338771

 Partially heritable, neurodegenerative disease that targets frontal and

temporal lobes

 Clinically, genetically, and neuropathologically heterogeneous

collection of disorders

 Clinical features: inappropriate social behaviour, disinhibition (verbal,

sexual…), aggressiveness, hyperphagia; memory spared; rarely,

aphatetic mood
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Frontotemporal Dementia (FTD) and genes

 Genetics:MAPT

(microtubule-associated

protein tau), GRN

(progranulin), charged

multivesicular body

protein 2B (CHMP2B), VCP

(valosin-containing

protein),

TDP-43 (TAR DNA-binding

protein 43), FUS (Fused in

Sarcoma), C9ORF72 repeat

expansion

 Neuropathology: cortical

and central atrophy and

tau or TDP-43 pathology



miRNAs and dementia

 MicroRNAs: class of non-protein-coding, 
endogenous, small RNAs.

 Very small molecules ~22 nt

 First discovered in 1993 by Victor Ambros at 
Harvard (lin-4 of C. elegans)

 lin-4 regulates mRNA translation during worm 
development

 7 years break: Let-7 discovered in 2000 by Frank 
Slack at Harvard

 Now: thousands of microRNA molecules

Function

 Bind to the 3′UTR of target messenger.

 Downregulators of gene expression via two
mechanisms:

I. mRNA cleavage

II. Translational repression



Idda et al., 2017

ncRNAs implicated in AD pathogenesis



Main findings of miRNAs dysregulation in 
LOAD

Reddy et al., 2017



miRNA in FTLD

Piscopo et al., 2016



20 miRNAs showed greatest evidence of 

dysregulation in frontal cortex of 8 FTLD-

TDP patients carrying GRN mutations 
compared with non carriers

miRNAs may contribute to the 

pathogenesis of FTLD-TDP cause by GRN 

mutations, providing new insight into 

potential future therapeutic options



Plasma from:

50 AD

50 FTLD

50 controls

The results suggest the possibility of 

developing miRNA-based diagnostics

for detection and differentiation of 

neurodegenerative diseases

37 brain-enriched and 

inflammation associated

miRNAs determined in:



Stable ncRNAs in circulation

Although the majority of ncRNAs are found intracellularly, a significant 

number of ncRNAs have been observed outside of cells, including 

various body fluids.

These ncRNAs are stable in serum and other fluids, suggesting that 
secreted ncRNAs are likely packaged in some manner to protect 

them against RNase digestion. 
Kumar et al., 2016

Basak et al.,2016



Circulating miRNA in AD e FTD 

Detection of specific circulating ncRNA signature in 

serum and CSF from AD and FTD patients 

new peripheral, specific and non-invasive 

advanced biomarkers

0



Determination of ncRNAs in AD and FTD

Populations: sporadic AD, sporadic FTD patients, C9orf72 and GRN carriers, controls

EXPLORATIVE 
ANALYSIS

•Detection of 
circulating and cell

ncRNAs (PBMC)

•Valutation of ncRNAs
expression in a 

discovery cohort of 
patients and controls

VALIDATION

Validation of top 

ranked ncRNAs

and 

investigation of 

the origin of 

dysregulated

cell free ncRNA

IN SILICO 
ANALYSIS OF 
ncRNA

• Study of 
pathogenic
pathways
altered in 
patients, in 
particular in 
familial cases.

• Clinical
Biomarkers

Study design



housekeeping assay panel

reverse transcription control

positive PCR control

Easy detection through RT-PCR

 Qiagen arrays testing 

84 common miRNAs



CSF
serum

miRNAs have the potential to 

support AD diagnosis and 

patient care



miRNA expression profile in serum. There is a generalized
up-regulation in sporadic FTLD compared with controls. This

trend showed opposite direction when mutation carriers for

GRN and c9orf72 were considered.

C9ORF72 CARRIERS VS 
CON

SPORADIC VS CON GRN MUTATIONS CARRIERS VS CON

Circulating miRNAs in genetic and sporadic FTD



EXOSOMES: WHAT ARE THEY?

 Vesicles secreted from the cellular endosome, nano-sized (30-150nm)

and cup-shaped used by cells for intercellular communication

 Exosomes can be isolated non invasively from easily 
accessible biological fluids including urine, blood and 
saliva

 Exosomes are highly stable, making their clinical use 
feasible as samples can be stored for prolonged periods 
before analysis 

 Exosomes can be traced to their origin as they express 
surface markers related to their cellular origin 

 Exosomes are able to pass the BBB thus providing
information about CNS cells that is difficult to obtain
without the use of invasive techniques



EXOSOMES: WHAT  DO THEY CARRY?

According to Exocarta (www.exocarta.org) , database of exosomal content, exosomes
carry a characteristic composition of proteins, lipids, mRNAs and ncRNAs, like miRNAs and
lncRNA, collectively termed as «cargo».

9769 proteins

1116 lipids

3408 mRNA

2838 miRNAs

lncRNAs:

 novel class of ncRNAs, with

> 200 nucleotides in sizes

 Regulate protein-coding

genes transcription

 Changes in lncRNAs can

be correlated with diseases



Exosomes as therapeutic 

and diagnostic tools

• Potential of 

exosomes as carriers 

for disease-modifying 

strategies

• Exosomes as 

biomarkers for 

diseases

• Targeting exosomes 

as a disease-

modifying strategy 

itself

Although the exact mechanism of exosomal entry into the brain is not fully 

understood, it should be noted that exosomes are able to cross the blood 

brain barrier (BBB)

Soria et al., 

2017



 Exosomal miRNA profiling of the serum of Alzheimer’s disease 

patients at early stages of the pathology revealed a specific 

signature of 16 AD disease-specific deregulated miRNAs

 AD= 23, HC= 23, MCI= 3 discovery



Validation population:

AD= 16, HC= 36, MCI= 8

The majority of deregulated 

miRNAs has been shown:

to be implicated in AD 

pathogenesis , such as tau 

phosphorylation, alpha-

secretase and APP levels of 

expression

To interfere with 

neuroprotective 

mechanisms such as the 

transforming growth factor-

beta pathway



 AIM: characterization of the expression of exosomal
miRNAs in the CSF of PD and AD patients



 746 miRNAs have been profiled through RT-PCR by 

using TaqMan miRNA arrays

 Significant dysregulation were found , 16 miRNAs were 

upregulated and 11 were under regulated in PD vs HC

 Only miR-29c, miR-136-3p, miR-16-2, miR331-5p, miR-

132-5p and miR-485-5p were significantly changed 

also in AD



Validation of miRNA array expression using 

independent samples

 dddd

The study revealed a substantial abundance of miRNAs, mRNA 

transcripts and, for the first time, lncRNA in CSF exosomes of PD 

and AD patients





Objective: to determine whether exosomal miRNAs in CSF of patients with FTD 

can serve as diagnostic biomarkers

Disease N

Presymptomatic FTD 23

Symptomatic FTD 15

controls 11

Sporadic FTD 17

AD 13

controls 10

Exosomal miR-204-5p and miR-632 have potential as diagnostic biomarkers for 

genetic FTD and miR-632 also for sporadic FTD



EXOSOMES: FROM THE BRAIN TO THE BLOOD

 Able to cross BBB, provide information about CNS without use of invasive 

techniques

 Possibility to isolate in serum/plasma exosomes originated from neurons 

thanks to L1CAM marker  (specific neural adhesion protein)

AD-pathogenic exosome proteins from

neurally-derived blood exosomes

extracted and quantified by ELISA to

develop biomarkers for staging of

sporadic AD.
Levels of P-S396-tau, P-T181-tau, and

Ab1–42 in extracts of neurally-derived

blood exosomes predict the

development of AD up to 10 years

before clinical onset.

Volume 11, Issue 6, June 2015, Pages 600–607.



Isolation and characterization of neural derived exosomes (NDEs) from 

CSF and plasma 
 Isolation and immuno-affinity purification of NDEs (Exo-flow Exosome 

Purification kit, SBI and miRCURY Exosomes Isolation Kit, Exiqon ) 

using anti-L1CAM antibody

TEM/ 
extraction of ncRNAs

and proteins

 Sorting by flow cytometry (FACS Aria, BD) and analysis by 

transmission electron microscopy (TEM)

 The total exosome RNA and Protein isolation kit (ThermoFisher) was 

used to isolate ncRNAs and proteins from neural derived exosomes



 Detection and characterization of neural derived exosomes in
serum labeled with anti-L1CAM antibody

 The cup-shaped morphology is not affected by storage

condition

Isolation and characterization of NDEs from plasma 

Fresh sample

Frozen sample

Bioanalyzer 
electropherogram

TEM analysis



 Detection and characterization of NDEs in CSF labeled with anti-

L1CAM antibody

Isolation and characterization NDEs from CSF 



WB of  CD9, TSG101, retromer protein and L1CAM 

expression in plasma neural derived exosomes 

samples 

L1CAM (200-220KDa)

TSG101 (45 KDa)

CD9 (24 KDa)

VPS35 (85-90KDa)

Marker



Nanosight analysis

Total exoxomes: mean particles

size:118 nm, MODA: 79 nm

NDEs exosomes: 

mean particles

size:156 nm, MODA: 

114 nm



Detection and investigation the role of lncRNAs in 

prodromal and AD patients

 

 RT-PCR of lncRNAs extracted and sorted from serum patients to

evaluate lncRNA differentially expressed (Array Human lncFinder,

QIAGEN)



lncRNA expression profile in NEDs from serum. There is a stronger de-

regulation in lncRNA expression levels in AD than prodromal AD compared

with controls.

lncRNAs in NDEs from Prodromal AD and AD 

Prodromal AD  vs controls AD vs controls

Population:

Controls=10

Prodromal AD=10

AD= 10



Expression analysis of 754 miRNAs

Campione 1 Campione 2 Campione 3

Quant-Studio 12 k Flex Real-Time PCR

Il sistema QuantStudio 12K Flex è composto da 

4 parti:

• Piastre Open Array pre-spottate con i saggi 

di reazione;

• Caricatore del campione automatizzato ( 

Accufill e pressa per Open-Array);

• Strumento per la Real-Time PCR;

• Software  per l’analisi dei risultati di PCR.



miRNA levels in NDEs from plasma through technology OA

Total exosome

miRNAs

NDEs miRNAs



Exosomal miRNAs distribution

Total exosome
miRNAs

44%

Overlapping
miRNAs

32%

NDEs miRNAs
25%

miR-15b-5p
miR-26b-5p
miR-342-3p
miR-106b-3p
miR-221-3p
miR-142-3p

miR-448
miR-181-5p
miR-151a-5p

miR-223-3p
miR-146a-5p
miR-20a-5p
miR-30d-5p
miR-186-5p
miR-23a-3p

co
n

A
D

pro
dro

m
ic

i
A
D

0

1

2

3

4

 miR-146a-5p

co
n

A
D

p
ro

d
ro

m
ic
i

A
D

0.0

0.5

1.0

1.5

2.0

2.5

miR-221-3p

co
n

A
D

pro
dro

m
ic

i
A
D

0

1

2

3

4

5

miR-20a-5p



CONCLUSIONS

 These data demonstrate that we set up a method to isolate
neural derived exosomes in serum ( and possibly CSF).

 Consistent dysregulations of ncRNAs in AD and prodromal
AD patients compared with controls were found.

 90 miRNAs detected in NDEs, particularly miR-223, miR-25b,
miR15b and miR125b already found to be dysregulated in
neurodegenerative diseases

The investigation of a specific signature composed by 

ncRNAs and pathogenic proteins from neural derived 

serum exosomes could have a great potential in the 

field of clinical biomarkers discovery and could also 

contribute to clarify the molecular mechanisms 

underneath these neurodegenerative diseases.
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