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What dementia is not 

•  Not just ageing 
•  Not a single disease: a non-specific syndrome of 

many causes 
•  No-one is immune 



Alzheimer’s disease 
 



Dementia 

4% of 70-74y  
8% of 75-79y 
16% of 80-84y olds 
 
 

 
£26 billion cost to UK 
¼ of hospital beds  
¾ of those in residential care  
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Countries where more than 20% of population is 65+ 

2012 data (US 
Census) 
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Countries where more than 20% of population is 65+ 

2050 projection (US 
Census) 



Dementia	  

	  

Alzheimer Europe 2009 



Delaying onset by 5 years would halve prevalence 

Without delaying onset 
 
With a 5y delay  



Motivation	  for	  prevention	  studies	  

Completing/Completed 
Phase III trials 

Newer  
Phase II/III trials 

Prevention 
studies 

http://adni.loni.ucla.edu/about/biomarkers/ 



Biomarkers	  –identifying	  early	  
	  

•  CSF Markers 
–  Tau and phospho-tau 
–  Ab 1-42  
–  Ratio Ab42-tau 
	  

•  Neuroimaging	  
–  Structural	  
–  Functional	  



 
 
ACTIVE IMMUNISATION 
   
 
Vaccination with β-amyloid: the AN1792 trial (2001) 

in mild to mod AD 
Synthetic ab1-42 peptide 
After 2-3 doses 6% (18/300) patients in phase II  
-> meningoencephalitic reaction 
 
-> Trial terminated 2002 
 

Schenk et al 1999 

APP mice 



Passive	  immunotherapy	  

Dominant approach in AD since 2007 
 
Usually humanised monoclonal antibodies 
 
 
ADVANTAGES 
Dosage and target specific 
If side effects, can effect rapid clearance 
 
DISADVANTAGES 
Frequent infusions time and expense 
BBB penetration 
Development of an immune response to injected 
antibodies 



Antisense	  Oligonucleotides	  	  
(ASOs)-‐	  injected	  into	  CSF	  

Pre-mRNA 

DNA 

ASO 

mRNA 

Protein 

Disease-
Causing  

Protein, e.g. 
misfolded tau 
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were resolved without additional prednisolone 
treatment (Table 3). There were no other abnor-
malities on liver-function testing. Of the 15 pa-
tients, 14 had respiratory illnesses, which in 
children with SMA1 frequently result in death or 
the need for tracheostomy.

Discussion

A single intravenous infusion of adeno-associated 
viral vector containing DNA coding for SMN in 
patients with SMA1 resulted in longer survival 
than in historical cohorts with this disease.4 All 
15 patients surpassed the previously reported 
median age of survival without permanent venti-
lation of 10.5 months4 for patients with SMA1 
with two SMN2 copies. All the patients also sur-
passed the benchmark of 20 months, at which 
time only 8% of the patients with this disease 
typically survive without permanent ventilation.4 
Of the 12 patients in cohort 2, all but 1 achieved 
motor-function milestones that have not been 
reported in historical cohorts.4,6 The attained 
motor function was clinically meaningful, as re-

flected by feeding (hand to mouth), sitting, and 
talking. The majority of the patients who did not 
require supportive care at enrollment were free 
of nutritional support (6 of 7 patients) and ven-
tilatory support (7 of 10 patients) at the last 
follow-up visit.4,24 In the two cohorts, the pa-
tients had increases in the score on the CHOP 
INTEND scale from baseline. Within the first 
month in cohort 2, the mean increase was 9.8 
points, in contrast to a decline of a mean of more 
than 10 points between 6 and 12 months of age 
in the historical cohort in the NeuroNEXT 
study.5

Preclinical studies of SMN gene-replacement 
therapy in the SMN∆7 mouse model showed 
improvements in survival and motor function 
with early treatment, presumably at a time when 
motor neurons are still intact.14 The clinical find-
ings in our study of early treatment reflected the 
direction of those in the preclinical studies. Two 
patients were able to crawl, stand, and walk 
without support after early treatment. Both of 
these patients had a family history of SMA, 
which probably contributed to the early diagno-

Figure 2. Motor Function after Gene Therapy.

Shown are changes in the score for motor function on the CHOP INTEND (Children’s Hospital of Philadelphia Infant Test of Neuromus-
cular Disorders) scale among the 3 patients in cohort 1 (Panel A) and the 12 patients in cohort 2 (Panel B) who received gene therapy 
with adeno-associated viral vector containing DNA coding for SMN. The scale ranges from 0 to 64, with higher scores indicating better 
motor function; historical controls with spinal muscular atrophy type 1 never reach 40 points (indicated by the black dashed line). The 
dashed lines on the individual patient curves indicate either a missed assessment or a partial assessment because of illness, lack of co-
operation, or fatigue of the patient; such data were not included in the analyses. The timing of the administration of gene therapy in Figure 1 
can be matched with the data shown here for each patient.
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BACKGROUND
Spinal muscular atrophy type 1 (SMA1) is a progressive, monogenic motor neuron 
disease with an onset during infancy that results in failure to achieve motor milestones 
and in death or the need for mechanical ventilation by 2 years of age. We studied func-
tional replacement of the mutated gene encoding survival motor neuron 1 (SMN1) in 
this disease.
METHODS
Fifteen patients with SMA1 received a single dose of intravenous adeno-associated virus 
serotype 9 carrying SMN complementary DNA encoding the missing SMN protein. 
Three of the patients received a low dose (6.7×1013 vg per kilogram of body weight), and 
12 received a high dose (2.0×1014 vg per kilogram). The primary outcome was safety. 
The secondary outcome was the time until death or the need for permanent ventilatory 
assistance. In exploratory analyses, we compared scores on the CHOP INTEND (Chil-
dren’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders) scale of motor 
function (ranging from 0 to 64, with higher scores indicating better function) in the 
two cohorts and motor milestones in the high-dose cohort with scores in studies of the 
natural history of the disease (historical cohorts).
RESULTS
As of the data cutoff on August 7, 2017, all 15 patients were alive and event-free at 20 
months of age, as compared with a rate of survival of 8% in a historical cohort. In the 
high-dose cohort, a rapid increase from baseline in the score on the CHOP INTEND scale 
followed gene delivery, with an increase of 9.8 points at 1 month and 15.4 points at 
3 months, as compared with a decline in this score in a historical cohort. Of the 12 
patients who had received the high dose, 11 sat unassisted, 9 rolled over, 11 fed orally 
and could speak, and 2 walked independently. Elevated serum aminotransferase levels 
occurred in 4 patients and were attenuated by prednisolone.
CONCLUSIONS
In patients with SMA1, a single intravenous infusion of adeno-associated viral vector 
containing DNA coding for SMN resulted in longer survival, superior achievement of 
motor milestones, and better motor function than in historical cohorts. Further studies 
are necessary to confirm the safety and efficacy of this gene therapy. (Funded by 
AveXis and others; ClinicalTrials.gov number, NCT02122952.)
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Why are we doing so badly? 

•  Complexity of CNS 

•  Complexity/definition of disease 
–  ‘pathways to disease’ 

•  Access to tissues 

•  Model systems 



GWAS and human disease 

http://www.ebi.ac.uk/gwas/ 



What genetics can offer next? 

 

•  Mendelian randomisation 

–  Gene - environment causality 

–  Focus on evidence for drug development 



Calcoen, et al.  
Nature Reviews Drug Discovery 14, 161–162 
(2015) 

Estimated attrition profiles for drug development 



Pre-clinical development Clinical development 

Late-stage failure 

Programme attrition 

Cost 

Drug development process 

After: 
Kola & Landis, Nature Reviews Drug Discovery 2004; 3, 711-716  
Arrowsmith, Nature Reviews Drug Discovery 2011; 10, 328-329; and   
Nature Reviews Drug Discovery 2013; 12, 569 
PaulS  et al. Nature Reviews Drug Discovery 2010; 9, 203-214  



Randomised controlled trial (RCT; Phase III) 

Patients 

Randomisation 

Intervention Placebo 

Target affected Target unaffected  

Outcome Outcome 

The RCT is the pivotal drug target validation experiment 



RCT (Phase III) 

Patients 

Randomisation 

Genetic studies as Nature’s randomised trials 

Mendelian randomisation trial 

Population 

Random allocation of alleles 

Target genotype aa Target genotype AA 

Target activity 
unchanged 

Outcome Outcome 

Target expression or activity  
modified 

Hingorani A, Humphries S. Lancet 2005; 1906–1908 

Intervention Placebo 

Target affected Target unaffected  

Outcome Outcome 



Target protein 

Intended  
outcome  

On-target effect 

Encoding 
gene 

Compound 

Relationship between gene, target and compound 



Target protein 

Intended  
outcome  

On-target effect 

Relationship between gene, target and compound 

Statin 

HMG-coA reductase HMGCR 



RCT (Phase III) 

Sample 

Randomisation 

HMG-CoA red inhibitor Placebo 

LDL-C reduced LDL-C unchanged 

CV event 
rate lower 

CV event 
rate higher 

Protein target: HMGCR 

Off target 

Mendelian randomisation Trial 

Population 

Random allocation of alleles 

HMGCR aa Genotype AA 

LDL-C unchanged 

CV event 
rate lower 

CV event 
rate higher 

LDL-C reduced 

Protein target: HMGCR 

HMGCR variant (rs12916)  
LDL-C reduced by   0.07 mmol/L 
CHD risk reduction 6%.           
Ference et al. J Am Coll Cardiol 2012; 60(25):2631-9 

HMGCR inhibitors (statins) 
LDL-C reduced 1 mmol/L 
CHD risk reduction 25%  
CTT Lancet 2010, 376, 1670–1681 

HMGCR variants, statins, LDL-C and coronary events 
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Gene$cs	  of	  
NDD	  

Pathways	  to	  
disease-‐
human	  

Pathways	  to	  
disease-‐
Modeling	  

At	  risk	  

Cohorts	  

Few	  interactors	  

Complex	  pathways	  

Biomarkers 

Experimental Neurology 
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