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• Definition of Disease

• Functional (Chemical) disturbances vs. 
Anatomical disturbances

• Drugs vs. Imaging Probes

• Molecular Imaging Probe Design



Imaging Probes as Reporters in in vivo 
Systems



One has to know and study the nature of 
interaction a radioactive probe with its target 
before an accurate interpretation of images is 
possible

• "If one were to inject radioactive shoe-polish and image the radioactivity in 
the brain, one would almost certainly find patterns of distribution of 
radioactivity in the brain which might change with functional activation. One 
would not, however, obtain from the images alone any worthwhile 
information or useful knowledge about the nature of the processes involved 
that would allow one to design a model. Just injecting a radioactive 
compound and getting an image is not enough. It must be combined with 
basic fundamental research beyond the imaging in order to get meaningful 
information."

Lou Sokoloff (NIH)



Enzyme Mediated Processes

The Fluorodeoxyglucose (FDG) Model



Targeting Tumor Enzymes: Thymidine Kinase 
with FLT



FLT and 2-FDG 

Receptors as Tissue Targets



Targeting Neurotransmitter Enzymes: 
6-[F-18]FluoroDOPA

Targeting Transgenic Expression. Images approaches 
directed at gene expression involve either externally 

transferred genes into cells (transgenes) or endogenous 
genes



• The imaging approach involves extending 
reporter gene techniques used in biology to 
PET using a PET reporter gene (PRG) and 
PET reporter probe (PRP)

• PRP is either an imaging probe that is a 
substrate of the PRG-enzyme or a probe that 
is a ligand that binds to the PRG-receptor

Substrates for HSV1-tk Mediated Gene 
Expression



Amyloid Neuropathology Imaging
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[F-18]FDDNP-PET and 
Autopsy Determinations 
in the Same Patient (AD, 
LBD, DS)

Small G, Barrio JR et al, New Engl J Med 2006





More Pathology

Less Pathology

[F-18]FDDNP Shows Full Picture of Progression of 
Neurodegeneration

Regression of surface projections of FDDNP-PET scans of 20 
subjects (8 controls, 6 MCIs, 6 ADs)
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Development of a Predictive 
Model for β-Sheet Amyloid

Aggregate Binding

Molecular geometry and dipole 
moment calculations, as well as 

fluorescence Stokes shifts and H-5 
and H-7 NMR chemical shifts

appear predictive of the ability of 
these structures to bind tightly to 

aggregates.

In collaboration with Ken Houk, UCLA

Probing Tau Aggregates

1. In vitro Binding Affinities and Co-
crystallization Experiments

2. Transfected Cell Lines

3. Transgenic Animal Models 

4. Living Human Subjects



DDNP 
Binding 
to Tau 

Segments
(Landau et al, 

2011)

Brain FDDNP Scans in Football Players 
Reflects Degree of Brain Tau Deposition

Small, Barrio Am J Ger Psych, 2013                



Regulations for the Use of PET Molecular 
Imaging Probes in Humans

• Research Use:

IRB and MRSC vs RDRC

INDs

• Clinical Use:

NDA

• cGMP and USP Chapter 823


