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Gene Therapy: 
Proof of Concept

+ NGFSkin sample from arm

Insert into the brain
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Proof of Concept - Gene therapy 

Why didn’t it work??

Is the THEORY wrong?
Or is it the IMPLEMENTATION?

• Was the transplantation successful?
• Are the gene products located 

appropriately?
• Was the dosing sufficient?
• Longitudinally: Is a booster treatment 

needed?



•To develop “validated surrogate markers” for early 
detection and to monitor progression of AD

•To develop improved biomarkers for AD clinical trials

•To validate these biomarkers by correlating with 
clinical progression/autopsy

•Funding $67 mil: $40 mil NIH, $27 M private

GOALS OF ADNI



•Normals: MMSE 24‐30; non‐depressed

•MCI: cognitive impairment confined to memory 
complaint and objective loss on WMS‐R with 
preserved ADLs

•Mild AD: MMSE 18‐26; NINDS ADRDA probable AD

ADNI Sample













APOE4 and Transition



Hippocampal Atrophy and Transition





Change over 6 Months Change over 12 MonthsAnatomical Segmentation

Quantification of Longitudinal Change
Individual ADNI Subject (70 y.o. Female, Diagnosed with MCI)

A.M. Dale, UCSD



Mean Cortical Thickness Change over 12 Months

+2%

-2%

Lateral View Medial View A.M. Dale, UCSD

























FDG PET



Structural Structural ROIsROIs Applied to FDG PET Applied to FDG PET 

MRI

PET

“Raw” FreeSurfer ROI Overlay

A.M. Dale, UCSD



CrossCross--Sectional FDG PET Difference in ADNISectional FDG PET Difference in ADNI

AD-NC

+20%

-20%
A.M. Dale, UCSD



















Imaging Genetics 
Imaging Genetics: combination of imaging, 
genetic and clinical data 
– Candidate approach begins with a gene of 

interest and use  brain imaging to understand the 
gene effects

– Imaging as a strategy to find unknown risk genes 
Fundamentally different from a standard 
candidate gene approach 
New approach uses brain imaging as a 
quantitative phenotype and identifies which SNP 
influence it in the context of a GWAS



The candidate gene approach

F. Collins



The genome wide association approach

F. Collins



New Approach Quantitative Trait 

Imaging Phenotype = Genotype + Group 
+ (Genotype *Group)

Imaging Phenotype is activation or volume 
in ROI 
Genotype = SNP1

Group= converts/noconverters
Determine which SNPs or genotypes influence 
these functional differences by a series of GLM 

GLM can be expanded to consider covariates like age, 
education, medication, smoking, as well as gene-gene 
interaction 



Looking down 10 million base pairs on Chromosome 6 to discover the 
genes that cause schizophrenia. 

New gene detected in white bracket. 
Peaks point to SNPs that  influence fMRI brain activation in various 
brain regions

Genome-wide scans & neuroimaging

From: S. Potkin,  D. Keator, F. Macciardi, J. Fallon, J. Turner



QTs increase power and 
reduce needed sample sizes



QTLs increase power 
and reduce needed sample 

sizes



Imaging Biomarkers

Proof of Concept: MOA or clinical result
Choose biomarkers based on 'a fit for purpose' :

•Sample enrichment, drug effect, MOA, supportive data, 
•Surrogate outcome: MRI reflect underlying pathology MS 
•Biomarkers highly correlated: unvariate v multivariate

Discrepancies between biomarkers

•Diagnosis, severity, progression, MCI v AD

Difficulty in Prespecifying Details of  Outcome 
Measures and Statistical Threshold Details



• Biomarker enrichment strategies for clinical trials
MCI or AD not the same: amyloid imaging, 
hippocampal atrophy, hypometabolism on PET, 
and reduced CSF beta amyloid and increased tau; 
AP0E

• Clinical endpoint not  sensitive enough. 
• Detection of disease‐modifying effects of emerging    
therapies in presymptomatic or minimally        
symptomatic populations.  

Use of Biomarkers 


