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Objectives
1) What molecular imaging is and how it is different from the imaging done in radiology dept

2) How various imaging modalities work and relative sensitivities for probing various aspects of phys




OPTICAL 



1)BLI = bioluminescent imaging



2)FMT = Fluorescencemolecular tomography



NUCLEAR

1)SPECT



2)PET

Radionuclides are absorbed by healthy tissue at a different rate than tissue undergoing a disease process. A deviation in normal rates of absorption may be an indication of abnormal metabolic activity, which could lead to structural change (e.g. vertebra). X-rays, CT Scans, and MRI can only image structure (e.g. anatomy), not function or metabolism.




MAGNETIC RESONANCE

Produces computerized images of internal body tissues and is based on nuclear magnetic resonance of atoms within the body induced by the application of radio waves 




ULTRASOUND

3) Tracer principle, signal amplification, reporter gene/regporter probe system

4) Current and emerging clinical applications of molecular imaging

- Molecular imaging = The remote sensing of cellular processes at the molecular level in vivo.  
(currently rodents are primary animal model)

- The field requires interactions between experts in molecular biology, biochemistry, radiology, combinatorial chemistry, and computing.

Modalities

	
	Spatial
	Temporal
	[]
	Markers
	Other
	USES

	CT
	50-100 (m
	5-30 min.
	
	Contrast agents
	Ionizing radiation
	Good for spatial resolution

-CNS, prostrate, heart breast

	MRI
	1000 (m
	
	(M – mM
	“Smart” activatable ligands
	
	Good for spatial resolution

	PET
(SPECT) l
	1000 (m
	10 sec
	nM
	
	Cyclotron required
	-site selectivity

-gene expression
-drug development

	SPECT has less resolution, gives quinitatve data and resolution is 1-1.5cm vs .4cm

	Optical
	1-15 (m
	Real time
	
	NIR fluorescence
	
	-gene expression, tagging

	Ultrasound
	15-40 (m
	Real time
	
	Encapsulated bubbles
	
	Good for temporal resolution
-drug deleviery

Gene transfection


Note: If sensitivity is high (ex: nuclear techniques such as PET and SPECT) and the resolution is low we lose info on underlying physiology (wont know where it is being generated) so  combine w/more sensitive physiologic techniques like computed tomography to improve spatial resolution( multimodality imaging
SENSITIVITY

 (pM)

nm


um

    (10um)

Optical (FMT, BLI)  > Nuclear (Spect, PET) > MRI (spatial resolution) > Ultrasound (temporal resolution)

Applications

- Image reporter gene activity or labeled ligands/substrates/antisense probes

- Label cells (tumor or bacterial) and monitor location


- Measure distribution of drug and concentration at target site
The pharmacology of tracers is important, for example, consider


high specific activity


high receptor binding specificity 


suitable receptor binding affinity


suitable lipophilicity


clean metabolism


poor substrate for MDR “pumps”


tracer distribution, selectivity, kinetics
Goals of Molecular Imaging
1) Image gne deliver and expression

2) Understand cellular processes in their intact microenvironments

3) Develop new imaging technologies

4) Facilitate new drug devt and methods for therapeutic monitioring

5) Promote interdisciplaniry approach

NEEDS

1)Specific Imaging Probes

1)Amplification strategies especially for less sensitive modalities like MR

3)Sensitive Imaging systems

PROBES

1) NEED no pharmacologic action

2) Be cleared from all sites in the body other than the intended target site

3) Be administered in tracer quanities:

Ex: Low MW molecules, peptides, Ab, aggregates of inert particles and cells that home in on a target of interest

Radiopharmaceuticleas =compounds w/short-lived isotope that can be detected by nuclear techniques single photon emission computed tomography (SPECT) or PET.


-synthesis must be quick to prevent radioactive decay before being injected

Tracer Principle =material injected has no affect on physiology studied (need minute quantities)

Signal Amplification= need to generate sufficient signal for detection in molecular imaging




( use systems/probes that regenerate  and are not consumed by the imaging process

Reporter Gene/Reporter Probe Concept = use of a gene introduces to a cell that produces a receptor, molecular transporter, or an enzyme that can be detected with a molecular imaging probe.


( Activation of expression of reporter gene linked to a gene of interst (ex: P53/HIF1-a)
