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Alzheimer's disease research  

Some facts: 

 AD: 50-75% of all dementia cases  
 
 affects 10.5 million people, 177 billion euros/year (World Alzheimer's report 2016)  

 
 In the last 10 years → no new drugs  

 
 Existing drugs only stabilize symptoms temporarily, do not slow disease 

 
 244 drugs in 413 trials (2002-2012) → failure rate 99.6%!  

   (Alzheimers Res Ther 2014 6, 37) 
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Time to question 
some hypotheses: 

 

correlation vs 
adaptation vs 
causation?  





A: estimated relative amounts 
of unsuccessful investment 
based on 37 of the 59 drugs 
that have been discontinued…  

B: current investment in 
different mechanisms 
based on 61 of the 88 drugs in 
ongoing clinical trials 
 
 little or no investment in 
some promising novel 
mechanisms (e.g. targeting 
endocytosis or autophagy) 

Nat Rev Drug Discov. 2017 Dec;16(12):819.  

Need to reconsider strategies in 
drug development… 
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Nature. 2017 Jul 12;547(7662):153-155.  



 

Are we looking at the right models? 

 

 

Mellor B. Nature 2008 



Animal models of AD 

AD research → animal models (Tg  & inbred mice) → to recapitulate 
genetic & pathological traits of human AD 

 

Tg animals: 

 

 Aβ formation 

 neuritic plaques 

 NFTs 

 Gliosis 

 Synaptic alterations  

 Some signs of cognitive impairment 

 



Tg animals: 
 

NO clinico-pathological 
complexity of AD 
 
Translational research failure 
 
Generate false negative data → 

exclusion of potentially effective 
compounds from clinical studies 

Animal models of AD 



 

 
(ALTEX. 2014;31(3):279-302.) 

 

Animal models of AD 



<5% 

>95% 



Animal models of AD 

SAMP8 & SAMP8-APP/PS1 models (senescence-accelerated)  

    to investigate late-onset AD  

 

However: 

 genes responsible for senescence and observed pathologic traits are 
largely unknown  

(http://www.alzforum.org/research-models/senescence-accelerated-mouse-samp8) 

•   

 no studies have reported on the efficacy of current available AD 
drugs in SAMP8 mice 

(Ageing Res Rev, 2014. 13: p. 13-37)  

 

 pathological granules found in the hippocampus do not seem   to 
contain either Aβ peptides or tau, but rather a glycosidic neo-
epitope (IgM)      

(Age (Dordr), 2014. 36(1): p. 151-65.) 
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Fig. 4: Immunohistochemical staining of the brain sections from SAMP8 mice with Tau5A antibody. a Secondary antibody against 
IgG. b Secondary antibody against IgM. c Merging of a and b. Yellow corresponds to colocalisation of both stainings. Scale bar 
100 μm 

(Age (Dordr), 2014. 36(1): p. 151-65.) 



→ bias in the peer-review process ? 

http://projectreporter.nih.gov/reporter.cfm  

Funding for AD research 

http://projectreporter.nih.gov/reporter.cfm
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Animal models have provided some partial insights 
into the cellular & molecular mechanisms of brain 

amyloidosis or tauopathy, 
 

but they are not suitable to develop drugs and predict 
their effects in AD patients… 



A new roadmap  
for AD research ? 



Need to reconsider 
etiopathology of AD 

 
 Advancing age 

 Diet 
 Low levels of physical activity 
 Reduced cognitive stimulation 
 Low socioeconomic status 
 Low educational attainment 

 Poor sleep quality 
 Air pollution 
 Smoking 

 Intake of metals, pesticides & insecticides  
 Metabolic-related dysfunctions  

 Cardiovascular-related dysfunctions 
 

These have strong relevance for late-onset AD  
(> 95% total AD cases) 



Reduction of cardiovascular risk factors → reduced risk of AD 

(Lancet Neurol. 2015 Aug 20. pii: S1474-4422(15)00092-7.)  



reductionist holistic 





How can we tackle these issues? 

New 
priorities 



Can we learn from the transition in toxicology? 
The need to improve human relevance 



Can we apply the same transition 
also in AD research? 



The ‘adverse outcome pathway’ (AOP) concept  

in AD research 

 What signaling pathways get perturbed at the onset of AD?  

 Can we link environmental & genetic causes with whole-person 
outcomes, via multiscale AOPs? 

(Langley GR. Drug Discov Today. 2014 Aug;19(8):1114-24.)  
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What are the tools & models available to 
cover the different levels of biological 

complexity ? 



Observational, 
epidemiological, 
intervention studies on 
humans (e.g., Phase 0, 
microdosing) 
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Human ex vivo tissue 
(healthy & diseased, 
e.g. brain, CSF, blood) 

Imaging: MRI, PET, 
connectomics 

Cognitive tests: MMSE, 
HVLT 
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Human induced pluripotent 
stem cells (hiPSCs) & neuronal 
derivatives (normal & patient) 

(A. Muotri, www.ucsd.edu) 

3D cell models: improved 
viability, cellular & tissue 
properties retained in vitro  

Nature. 2013 Sep 19;501(7467):373-9. 



Cortical neurons differentiated from iPSCs derived from 
patients with sporadic or presenilin-1-mutant AD, secrete 
N-terminal fragments of tau into the extracellular 
supernatant (eTau)  
→ BMS-986168, an eTau-specific antibody  

   (Neurobiol. Aging 36, 693–709; 2015) 

 
Addition of eTau to control neurons induced production of 
amyloid-β and induced neuronal hyper-excitability.  
 
The application of the anti-eTau antibody reversed these 
effects. 
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Microfluidics, brain-on-chip: 
Rapid, reproducible, sensitive 

Park et al., Lab Chip. 2015 Jan 7;15(1):141-50. 
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Next-generation 
sequencing 
(‘omics’) 

Integrated 
computer 
modeling 

Systems biology & 
pharmacology 



 AD-related pathways (onset & progression) 
 

 drug targets, efficacy & toxicity 
 

 Human-relevant information earlier in drug development 
 

 Possible reduction of late-stage drug attrition 
 

 multi-scale data integration: 
     e.g., Omics data ↔ patients’ cognitive scores ↔ neuroimaging  



A Human-based framework covering multiple levels of biological 
complexity to get a broader overview of AD causation 

(Pistollato F. et al. JAD, vol. 47, no. 4, pp. 857-868, 2015) 







Advantages of a human AOP-based approach  

 A systems-based understanding of human diseases 

 

 Cost-effective and predictive data 

 

 Discovery of novel and multiple drug targets 

 

 Human-relevant information earlier in drug development 

 

 Possible reduction of late-stage drug attrition 



Technical challenges 



Regulatory 
approach 

Knowledge challenges 



Need to reconsider AD research in the 21st century 

(Pistollato F et al. Oncotarget. 2016 Jun 28;7(26):38999-39016.) 



Some possible recommendations 

 Implement funding for the production and centralized distribution of 
patient-derived cells (e.g. iPSCs) 

 Allocate funding on centres conducting omics research in human-based 
settings 

 Foster the design of preventive strategies (e.g., definition of early 
biomarkers of human diseases for early diagnosis) 

 Encourage the creation of ‘pathways to disease’ framework(s), following the 
AOP approach 

 Allocate funding on projects focused on integrated multi-disciplinary 
approaches, covering multiple levels of biological complexity 

PRIORITIZE HUMAN RELEVANT RESEARCH AND EXPLORE 
ALTERNATIVE RESEARCH AVENUES  





Other European initiatives to tackle AD research 

The Human Brain Project (HBP) 
 
→ Human Brain Project (launched in 2013, H2020 FET Flagship Project) aims to provide researchers 

worldwide with Information & Communication Technology (ICT) tools and mathematical models for 
sharing and analysing large brain data they need for understanding how the human brain works and 
for emulating its computational capabilities. 
 
112 partner organisations (mostly from Europe, but also from the USA, Japan, and China); 
 
multidisciplinary: experts in computer science, neuroscience, robotics, micro-electronics, innovation 
and exploitation, ethics, education, programme management and communication 

https://www.humanbrainproject.eu/en/  

https://www.humanbrainproject.eu/en/


Boosting translational research on AD in Europe: The Innovative 
Medicine Initiative –IMI- (€3.3 billion budget, 2014-2024, the world's biggest public-

private partnership in the life sciences) AD research platform: 
 

→ a dedicated research program of 3 highly complementary projects: 

EMIF 
European Medical Information 
Framework (EMIF) facilitates 
the use of data from research 
cohorts and population studies 
and routine care data 
 
 
 

Aetionomy 
generates a “mechanism-based 
taxonomy of AD and Parkinson's 
Disease”.  
A “Big Data” approach in 
neurodegenerative disease 
research, aimed at identifying 
disease candidate mechanisms 
 

EPAD 
European Prevention of Alzheimer's 
Dementia (EPAD) cohort; responds 
to the need to early identify the high 
risk population with accurate risk 
models, and measure the success of 
a drug (or combination of drugs) 
against clinically meaningful 
endpoints 

Alzheimers Dement. 2015 Sep;11(9):1121-2.  

Other European initiatives to tackle AD research 



ec.europa.eu/jrc 

@EU_ScienceHub  

EU Science Hub - Joint Research Centre 

Joint Research Centre 

EU Science Hub 

Thanks for your attention! 


