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Hypothetical Model of the Interaction
of Ab and Tau Accumulation

Sperling et al, 2014



Il passato



Ipotesi colinergica e glutamatergica

Nella patogenesi dell’AD uno dei primi eventi è la 
compromissione e la degenerazione dei neruoni glutamatergici
e GABAergici dell’ippocampo (Revett et al., 2012; Tiwari and 
Patel, 2012) e la degenerazione dei neuroni colinergici del 
proencefalo basale, in particolare del NBM (Francis et al., 1999); 
inoltre sono state descritte anche alterazioni dei neuroni 
noradrenergici del locus coeruleus e dei neuroni serotoninergici
del nucleo dorsale del rafe (Trillo et al., 2013).

Normal



L’approccio farmacologico
30 anni di storia

• Only four drugs (cholinesterase inhibitors and memantine) have been marketed for the treatment of AD 
(since 1996) and none since 2002 in Europe and 2003 in the USA

• Other cholinesterase inhibitors such as tacrine, velnacrine, physostigmine, eptastigmine and metrifonate 
showed efficacy as well, but were not marketed because of adverse events, safety and patent issues

• Drug discovery in neuroscience in general: 
- complicated, lengthy and uncertain, with an overall failure rate greater than 95%. 
- any given development programme may continue for 10–15 years from discovery to marketing 
approval

Pharmaceutical Research and Manufacturers of America
Researching Alzheimer’s medicines: setbacks and stepping stones,  2012
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Schneider, 2014



Lanctot, 2003

25 % 16 %





• all three ChEIs have demonstrated efficacy for mild to severe AD

• improvement is statistically significant but clinically marginal
• a trial for most patients is recommended (Grade 1A)

• direct comparisons do not suggest differences (Grade 2B)

Donepezil Aricept Cholinesterase Inhibition FDA: 1996, EMEA: 1997; 

QD dosing; for mild, mod, 

severe AD

Rivastigmine Exelon Cholinesterase Inhibition BID; patch formulation 

released; for mild to mod 

AD

Galantamine Reminyl Cholinesterase Inhibition BID; XR formulation

released; for mild to mod

AD

Recommendations of the 4th Canadian Consensus Conference
on the Diagnosis and Treatment of Dementia (2012)

Serge Gauthier, MD, Christopher Patterson, MD, Howard Chertkow, MD, Michael Gordon, MD, Nathan Herrmann, MD, Kenneth Rockwood, MD, 
Pedro Rosa-Neto, md, phd, Jean-Paul Soucy, MD on behalf of the cccdtd4 participants* McGill Center for Studies in Aging, Montreal, QC                                                



Il presente



Disease-modifying strategies

•Anti-amyloid production and aggregation agents:
-secretase inhibition
BACE-1 inhibition 

•Amyloid removal: immunotherapy
•Anti-tau protein compounds

Golde G, 2010



Immunotherapy



Nature, 1999



Active immunization
HUMAN TRIAL: AN1792 + AS21 adjuvant

in 2001 phase IIa study
372 probable AD (mild to moderate)

Study discontinuation!
Aseptic meningoencephalitis in 18 of 300 (6%) immunized patients

By the time of discontinuation:
24 patients received 3 immunizations

274 received 2 immunizations



MRI (T2): 
WIDESPREAD SIGNAL 
ALTERATION IN 
CEREBRAL WHITE 
MATTER

GRANULAR CHANGES IN 
CEREBRAL WHITE MATTER



…AND IMMUNO-STAINED 

WITH  A  T-LYMPHOCYTE

ANTIBODY (CD3)

LEPTOMENINGEAL 
INFILTRATE OF 
LYMPHOCYTES 
STAINED WITH 
H&E…



Double-blind clinical assessment maintained for 
12 months:

significant differences in cognition favouring 
antibody responders compared to placebo group

Gilman, 2005



Results after 6 yrs: clearance of amyloid plaques,
but no evidence of increased survival and

no improvement in the time to severe dementia!



New approach: passive immunization



Alves RPS, 2014



Barrera-Ocampo and Lopera, 2016



O Rinne, 2010



Bapineuzumab:
VASOGENIC OEDEMA - MICROHEMORRHAGES

• detected on MRI in 12/124 patients (9.7%)
•symptomatic patients: headache, confusion, vomiting, and gait disturbance 
• cessation of dosing → symptoms resolved over several weeks; MRI findings 
resolved over several months

Appeared on the FLAIR MRI sequence with high signal intensity in the white matter, leptomeninges, or 
sulci,  frequently associated with gyral swelling and cortical T2 hyperintensity in the adjacent cortex



ARIA
Amyloid-Related Imaging Abnormalities

• ARIA-E  parenchymal or sulcal hyperintensities on FLAIR indicative of 

parenchymal edema or sulcal effusions 

• ARIA-H  hypointense regions on gradient recalled-echo/T2* indicative of 

hemosiderin deposition 



Salloway S, 2014



Salloway S, 2014



Doody RS, 2014



Doody RS, 2014



Active Passive (full IgG)

Safety Encephalitis Microhemorrhages, edema

T 1/2 Up to years 2-4 weeks

Titer control
Low

T 1/2  up to years

High

T 1/2 2-4 weeks

Immune response
Polyclonal humoral and 

cellular
Monoclonal

Responders 20-80%
Less than 100%: 

antidiotypic antibodies

Dosing Prime and boosts 4-12 times per year

Administration i.m. i.v. and  s.c.

Costs Low High

Immunization: direct comparison



Active VS Passive immunization

NO

• Meningoencephalitis

YES

• Fewer doctor visit

• Less costly

• Long lasting effect

MORE FEASIBLE

Back to vaccination!



Active immunotherapy second generation

CAD106

Linker:

SMPH

Q-A1-6

(CAD106) - Drug substance: 
no T cell-mediated immune 
reaction!

Carrier:

Q-VLP

Peptide:

A1-6 - Spacer

•=•+ •+
•DAEFRH-GGC

•K
•K

•K•K

•K

New antigen designed to generate high A antibody titers without 
inducing Ab-reactive T-cells

 Abeta 1-6 peptide,  shorter  than known human T-cell epitopes

 Its sequence is predicted not  to activate T-cell responses

 Experimentally it contains B-cell but not T-cell epitopes

Monsonego, 2003 – Staufenbiel, 2006



Amyloid plaque area:  ~80 % lower than in control mice

Longer treatment and start at earlier age: increased effect!

Brain A42 content
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Staufenbiel et al., 2006

Reduction of amyloid accumulation

Control CAD106

APP24 mice



- phase I, 52-ws study in 58 mild to moderate AD pts (2 cohorts), aged 50-80 
yrs, randomly allocated to receive either CAD 106 or placebo

- primary objectives: safety and tolerability and to identify A-antibody 
response (responders: patients with Ab-IgG serum titers>16 units at least 
once during the study)

- 56/58 reported minor adverse events. No cases of meningoencephalitis

- 67% of treated patients in cohort I and 82% in cohort 2 
developed A antibody response. 

Winblad B, 2012

Active immunotherapy:
CAD106 first study in AD patients





Sevigny J, 2016



Sevigny J, 2016



Secretase modulation



Doody RS, 2013



Coric V, 2015



Hawkes N, 2017



Cummings et al., 2016



Cummings et al., 2016







Il futuro



Abbott A, 2011



Why did so many trials fail?

• Preclinical models:
the gap between mice and humans

• Population:
patient may not have AD but other dementias
instead + too late treatment

• Amyloid cascade:
removal of plaques is not sufficient to halt the 
disease progression



Why did so many trials fail?

• Preclinical models:
the gap between mice and humans

• Population:
patient may not have AD but other dementias
instead + too late treatment

• Amyloid cascade:
removal of plaques is not sufficient to halt the 
disease progression



Mice
chosen because of the high degree of homology between coding sequences

but low homology in terms non-coding/intronic DNA

Similar proteins, but completely different regulation
miRNA, methylation, etc  epigenetics!



Poon A, 2017

El Hokayem J, 2016



Why did so many trials fail?

• Preclinical models:
the gap between mice and humans

• Population:
patient may not have AD but other dementias
instead + too late treatment

• Amyloid cascade:
removal of plaques is not sufficient to halt the 
disease progression



Lack of effective treatments: need to develop new 
strategies to prevent the progression of the disease

Mild Cognitive Impairment
Petersen et al., 1999

Prodromal AD
Dubois et al., 2010 

MCI due to AD
Albert et al, 2011

Alzheimer disease

Asymptomatic at risk for AD

Presymptomatic AD
Dubois et al. 2014

Pre-dementia phase



I biomarcatori

IWG-2 criteria
2014

NIA-AA criteria
2011

Dubois B, 2014McKhann GM, 2011



Jack CR, 2013

Biomarker model of pure AD 



I biomarcatori

Dubois B, 2010



Cerebrospinal fluid

Beta amiloide 

Tau 

P-Tau 



Amyloid PET



Dubois B, 2014



Why did so many trials fail?

• Preclinical models:
the gap between mice and humans

• Population:
patient may not have AD but other dementias
instead + too late treatment

• Amyloid cascade:
removal of plaques is not sufficient to halt the 
disease progression



Amyloid hypothesis

Does A accumulation correlate well with
the extent of neuronal loss or cognitive 

dysfunction?

NO, because:



Amyloid CSF levels: changed 10 years before symptoms appearance

Tau CSF levels: changed 5 years before symptoms appearance



Jack CR, 2013

Biomarker model of pure AD 



PET Amyloid Imaging with 11C-PiB 

Sperling et al, 2014

30%

normal
older

individuals



Toledo JB, 2015

CSF

Jansen WJ, 2015

Amy-PET



Grothe M, 2017

42 %



Use of BMs in clinical trials

Ideally
treat subjects with low CSF A but normal tau 

(no cell death yet)  prevent all pathogenic 

mechanisms related to A deposition, 

responsible for neurodegeneration

But
Tau is a symptom proximity marker, therefore should

be used (together with amyloid) to evaluate conversion

proximity in clinical trials (2-3 years follow-up)

Sperling et al, 2014



Villemagne VL, 2015



PET TAU tracers: [18F]AV-1451

The pattern of increased [18F]AV-1451 retention highly overlapped with 
regions that showed decreased [18F]FDG uptake  hypometabolism and 

symptomatology are more closely linked to tau than to A



PET / MR

Cavedo et al, 2014



How disease definition affects prevention

Cavedo et al, 2014



Sperling et al, 2014



• Stage 0: no biomarker abnormalities, people not thought to be on the AD trajectory
• Stage 1: cerebral amyloidosis
• Stage 2: amyloidosis plus markers of neurodegeneration
• Stage 3: amyloidosis + neurodegeneration + subtle cognitive and behavioral decline
• SNAP (Suspected Non-Alzheimer Pathology): neurodegeneration without amyloidosis

Sperling et al, 2014; Jack et al, 2011

A- N-

A+ N-

A+ N+

A+ N+

A- N+

AD therapy: the future
the AD trajectory



Stage 0:  primary prevention

• Cardiovascular risk factors
• Mediterranean diet
• Physical activity





La dieta mediterranea

Willett WC, 1995

• 1993 – International Conference on the Diet of
the Mediterranean

1992 – US Department of
Agriculture food guide pyramid 1994 – Mediterranean diet

pyramid



Ancel Keys in 1947





Scarmeas N, 2006



Tangney CC, 2011



Psaltopoulou T, 2013



Psaltopoulou T, 2013



Frisardi V, 2010



• prezzemolo
• cipolle
• mirtilli e altri frutti di bosco
• il tè nero, verde e oolong,
• banane
• agrumi
• Ginkgo biloba
• vino rosso
• cioccolato fondente

Williams RJ, 2012



…shakeriamo!



De Wilde M, 2011



Scheltens P, 2014



Non solo dieta…



Lautenschlager NT, 2008



Liang KY, 2010



Liang KY, 2010



Scarmeas N, 2009



Simopoulos AP, 2001

Industrialized societies diet:

• an increase in energy
intake and decrease in
energy expenditure

• an increase in saturated
fat, (n-6) fatty acids and
trans fatty acids and a
decrease in (n-3) fatty
acid intake

• a decrease in fiber intake
• an increase in cereal

grains
• a decrease in fruit and

vegetable intake
• a decrease in protein,

anti-oxidant and calcium
intake



Finch CE, 2012



Rosen RF, 2008

There is also no presence of
tauopathic abnormalities in 
primates, except for one 41 
year old female chimpanzee, 
who also suffered from
obesity and 
hypercholesterolemia. 



Le patologie da 
mismatch
evolutivo





La prevenzione

Norton S, 2014

Andrieu S, 2015



Volume 14, No. 9, p 926–944, September 2015



Stage 1: secondary prevention

secondary prevention with a treatment 
interfering with A deposition

Immunization
from treatment for symptomatics to

prevention in asymptomatics





Sperling et al, 2014



Alzheimer Prevention Initiative (API)
Phase II

Crenezumab
in a large Colombian PSEN1 cohort

Dominantly Inherited Alzheimer Network (DIAN)
Phase II

Solanezumab vs Gantenerumab
in carriers of mutations in APP, PSEN1 and PSEN2

Anti-Amyloid Treatment in Asymptomatic Alzheimer’s disease (A4)
Phase III

Solanezumab vs placebo
in cognitively normal people (65-85 years) with A accumulation



The A4 study

2017: study extended
to 240 weeks

Sperling et al, 2014



2014
CAD106 and CNP520 in ApoE4/4 carriers

• Secondary prevention trial ApoE4/4 carriers
• Phase 2/3 trial began in November 2015 and set to run until 2023, with a 5-year

treatment period
• Primary outcome: delay diagnosis to Mild Cognitive Impairment (MCI) or AD dementia
• Secondary outcomes: change on the Clinical Dementia Rating Scale sum of boxes (CDR-

SB) along with other cognitive/functional scales, fluid biomarkers including CSF Aβ and
tau, brain imaging including volumetric MRI plus amyloid PET and tau PET

1000 subjects
homozygous

ApoE4/4 carriers
cognitively normal

500 subjects

CAD106 (weekly
1-7-13-24 and 

then quarterly)
placebo

500 subjects

CNP520 BACE 
inhibitor (once 

daily)
placebo



Stages 2-3: acting on tau

• Inhibition kinase phosphorylating tau
• Aggregation inhibition with small molecules
• Microtubule stabilization
• Vaccination



Simic G et al, 2016



Castillo-Carranza e al, 2014





Stages 3



Deep Brain Stimulation



La DBS

• Terapia chirurgica minimamente invasiva che consiste nell’impianto di elettrodi 
all’interno del cervello, che stimolano con impulsi elettrici specifiche aree 
cerebrali.

• Effetti terapeutici sostanziali in diverse patologie neurologiche: malattia di 
Parkinson, la sindrome di Tourette e diverse forme gravi di epilessia (Andrade et
al., 2006; Houeto et al., 2005; Savica et al., 2012; Temel and Visser-Vandewalle, 
2006; Wichmann and DeLong, 2006)

• Effetti terapeutici sostanziali in diverse patologie psichiatriche: sindromi depressive 
non rispondenti a terapia (Bewernick et al., 2010; Lozano et al., 2008; Malone et
al., 2009 ) e disturbo ossessivo-compulsivo (Denys et al., 2010).

Ad oggi in pochi studi si è provato a stimolare le strutture dei circuiti della memoria.

Sono stati trovati effetti benefici con l’applicazione della DBS
– al fornice (Fontaine et al., 2013; Hamani et al., 2008; Hescham et al., 2013; Laxton

et al., 2010; Smith et al., 2012)
– alla corteccia entorinale (Stone et al., 2011; Suthana et al., 2012)
– al nucleo basale di Meynert (NBM) (Kuhn et al., 2014; Freund et al., 2009; 

Turnbull et al., 1985)



Sistema limbico

Pereira JLB, 2015



Hescham, 2013

DBS in AD



Hescham, 2013

DBS in AD



2014 Kuhn et al.

– 6 pazienti affetti da AD 
impiantati con elettrodi nel 
NBM

– una fase di 4 settimane in 
doppio cieco e con sham, 
seguita da 11 mesi di 
stimolazione continua a 20 Hz

– sulla base della valutazione delle 
scale cognitive (ADAS-cog) e 
degli esami strumentali (EEG, 
FDG-PET), 4 dei 6 pazienti sono 
stati definiti responder, in 
quanto stabili o migliorati nei 12 
mesi successivi alla stimolazione

– effetti collaterali: non viene 
segnalata la comparsa



2010 Laxton et al.

– 6 pazienti affetti da AD impiantati con 
elettrodi nell’area del 
fornice/ipotalamo

– stimolo elettrico di 3-3.5 V, 130 Hz e 
90 mcs di durata per un periodo di 12 
mesi 

– la valutazione delle scale cognitive 
(MMSE e ADAS-cog) ha evidenziato 
un beneficio clinico della terapia, 
soprattutto nei pazienti con una 
forma lieve, mentre le analisi dei dati 
PET con FDG hanno evidenziato un 
immediato miglioramento del 
metabolismo temporale e parietale, 
mantenuto per i 12 mesi di 
stimolazione

– effetti collaterali: prevalentemente 
autonomici e cardiovascolari
esclusivamente con una stimolazione 
superiore ai 7 V.



Hescham, 2013

DBS in AD



Sankar T, 2015



Ponce FA, 2015



Lozano AM, 2016



The Fountain of Youth



• Exposure of an aged animal to young blood 
can counteract and reverse pre-existing 
effects of brain aging at the molecular, 
structural, functional and cognitive level.

• Genome-wide microarray analysis of 
heterochronic parabionts identified synaptic 
plasticity–related transcriptional changes in 
the hippocampus of aged mice.

• Dendritic spine density of mature neurons 
increased and synaptic plasticity improved in 
the hippocampus of aged heterochronic
parabionts.

• At the cognitive level, systemic administration 
of young blood plasma into aged mice 
improved age-related cognitive impairments 
in both contextual fear conditioning and 
spatial learning and memory.

• Our data indicate that exposure of aged mice 
to young blood late in life is capable of 
rejuvenating synaptic plasticity and 
improving cognitive function.

Villeda SA, 2014



• Tissue inhibitor of metalloproteinases 2 
(TIMP2), a blood-borne factor enriched in 
human cord plasma, young mouse 
plasma, and young mouse hippocampi, 
appears in the brain after systemic 
administration and increases synaptic 
plasticity and hippocampal dependent 
cognition in aged mice. 

• Our findings reveal that human cord 
plasma contains plasticity-enhancing 
proteins of high translational value for 
targeting ageing- or disease-associated 
hippocampal dysfunction.

Castellano JM, 2017



RESULTS:
• Aged mutant amyloid precursor protein mice with established disease showed a near

complete restoration in levels of synaptic and neuronal proteins after exposure to 
young blood in parabiosis (synaptophysin P = .02; calbindin P = .02) or following
intravenous plasma administration (synaptophysin P < .001; calbindin P = .14).

• Young plasma administration was associated with improved working memory (P = .01) 
and associative memory (P = .02) in amyloid precursor protein mice.

• Factors in young blood have the potential to ameliorate disease in a model of AD.

Middeldorp J, 2016



Tau treatments also for:
• FTLD
• PSP
• CBD
Other pathogenic proteins
• TDP-43
• FUS
• Synuclein

SNAP



FTLD is a heterogeneous disease

Fernández-Matarrubia M, 2016





FTLD-Tau

Approximately 45% of FTLD cases: a tau protein pathology

available to predict ongoing tau deposition

But Tau pathology predicted (100% concordance with clinical
phenotype) in:

. PSP

. carriers of MAPT mutations



FTLD-TDP43

Approximately 45-50% of FTLD:  TDP-43 pathology

available to predict ongoing TDP deposition

TDP-43 pathology predicted in mutation carriers of:
. GRN 
. C9ORF72 
. VCP-1



Boxer AL, 2013



van der Zee, 2014



Progranulin: an attractive target

- Possibility to measure and monitor plasma and 
CSF levels as biomarker

- Haploinsufficiency: can PGRN levels be 
restored or the expression of the normal allele 
increased?

Boxer AL, 2013



Lee WC, 2014



Taylor JP, 2013



Lagier-Tourenne C,  2013



• Role of pathologic proteins unknown

• Additional basic knowledge on pathways in which
these proteins are involved needed

• Causal relationship between gene defects and 
proteins remains to be fully elucidated

• Targeting one protein only could not result in clinical
benefit

• Outcome measures



Normal
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Are there concerns on inappropriately labeling individuals with
«preclinical Alzheimer’s disease» people who might never

progress to manifest dementia in spite of biomarker evidence
of amyloid deposition?

In other fields, terms as «precancerous lesions» or 
«prediabetes» did not raise any ire…

Apprehension over preclinical AD terminology reflects the 
stigma of the clinical syndrome of AD

Sperling et al, 2014





Biohacking
Neural implants, merging the human brain with AI










