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“This is a uniquely human disease, with impairments 
in abstract reasoning and judgment. We’ve cured 
mice engineered with this disease over 500 times. 
The mouse models don’t translate into humans...” 

(Howard Fillit, Chief Science Officer, Alzheimer’s Drug Discovery 
Foundation, in Shakoor et al., 2017)



Alzheimer's disease

Epidemiology and current status

 50-75% of all dementia cases 

 The number of people living with dementia worldwide 47.5 million, 
projected to increase to 75.6 million by 2030 and more than triple by 2050 
(World Health Organization, 2015). 

The estimated global cost of AD in 2015 was US 818 billion (McDade and 

Bateman, 2017). 

In the last 10 years no new drugs have been developed

 Existing drugs only stabilize symptoms temporarily, do not slow disease



Alzheimer's disease research 

Amyloids

 Aß plaques tend to accumulate in AD 
brains

 However, studies have shown that 
14%–21% of clinically diagnosed 
patients have zero or minimal brain Aß
plaques on postmortem examination 
(Beach et al., 2012; Beekly et al., 2007; Serrano-
Pozo et al., 2014)

real causation or rather correlation 
and/or adaptation?





Are the AD animal models reliable?

Mellor B. Nature 2008



Animal models of AD

Gene-disease links have been associated 
predominantly with autosomal dominant, 

early-onset familial AD (< 5% of cases)



transgenic animal models have been based 
on early-onset disease



results have been extrapolated to relate to 
the much more common, late-onset sporadic 

AD



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

Animal models of AD



<5%

>95%



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 (Dodart et al., 2002; Duyckaerts, Potier and 

Delatour, 2008). 

Translational research failure

Generate false negative data →

exclusion of potentially effective 
compounds from clinical studies

Animal models of AD



Animal models have provided some partial insights into the 
cellular & molecular mechanisms of brain amyloidosis or 

tauopathy,

but there are immutable differences in gene function, gene 
expression, protein production, and phenotypic or physiological 
results that render translation unpredictable and unreliable…



AD animal models for drug development 

 in AD: overall failure rate for 244 drugs in 413 trials from 2002-2012 is 
reported to be 99.6%! (Alzheimers Res Ther 2014 6, 37)

 Only a single drug was approved from these trials (memantine in 2003)

 An analysis of subsequent AD clinical drug trials reported from Jan 2004, 
(after memantine approval) through July 2017, reveals 1273 completed or 
closed trials and no approved drugs 

https://www.clinicaltrials.gov/ct2/results?term=alzheimer&recrs=g&recrs=h&recrs=e&recrs=i&age_v=&gndr=&type=
&rslt=&Search=Apply

https://www.clinicaltrials.gov/ct2/results?term=alzheimer&recrs=g&recrs=h&recrs=e&recrs=i&age_v=&gndr=&type=&rslt=&Search=Apply


AD animal models for drug development 

Only 5 drugs have been approved for 
treating the various stages of AD:

produce very small changes, of dubious clinical 
relevance, on cognitive and behavioral
measurement scales (Delrieu et al., 2011)

mild impact on symptoms in only a minority of 
patients

no effect on disease progression or mortality

often lose any effectiveness within several 
months

may produce serious adverse effects



AD animal models for drug development 

An alternative 
interpretation is that 
the timing of Aß-
targeted therapies 
may be key

 once Aß plaques 
have formed, it may 
be too late to 
reverse the 
pathological 
consequences! 



https://www.nature.com/articles/d41586-018-07484-w

meanwhile…



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)



reductionist holistic



A new roadmap for AD research ?

New 
priorities



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



Need to reconsider AD research priorities

(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 
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