UCDAVIS

Imaging of targeted and
activatable particles

Katherine Ferrara

CENTER FOR MOLECULAR AND GENOMIC IMAGING
DEPARTMENT OF BIOMEDICAL ENGINEERING

1/10/2008

Imaging of targeted and
activatable particles

* How?
e Why?
* Recent results

UCDAVIS

CENTER FOR MOLECULAR AND GENOMIC IMAGING
DEPARTMENT OF BIOMEDICAL ENGINEERING

D
D DD

Entrapment of the label in the particle

Radio Nuclei

(Ga-67, Tc-99m, In-111)

Ligand

Philips WT, et al. Nucl Med Biol 1992; 19:539. Bao A, et al. J Pharm Sci 2003;
92:1983. Bao A, et al. J Pharmacol Exp Ther 2004; 308:419

MRI

Martina M-S & Lesieur S. et al. J Am Chem Soc 2005; 127:10676




Entrapment of the label in the particle
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Inclusion of the tracer in the shell
1) Directly label the lipid, preinsert
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Inclusion of tracer within the shell
NIR Optical Imaging
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Why?

New accessible New vehicles - : —
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targets {

New activation methods




What to image?

« Circulation & targeting
Quantitative, high time and spatial resolution

* Activation
High time resolution, need change with pH, heat, etc.

* Metabolism & clearance of vehicle
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Circulation and targeting:
Vascular Targeting
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Neuropilin-1 Starzec A. et. al. Life Sci 2006; 79:2370-2381.

Christian S. et. al. J Cell Biol 2003;163:871-878.

Nucleolin
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Organ specific Zhang, Circulation, 112, 1601, 2005,

First use heart targeting as model
system

Why?

Want to separate enhanced permeability
and retention (EPR) effect from molecular
targeting to optimize particles

No EPR effect in heart
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**Zhang et al, Biomaterials, 2008, in press




Methods
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Results

Organ specificity — well counts

Peptide phage* Peptidyl liposomes**
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Specificity to .CRIP-Z prot.ein LPP:DSPE-PEG2K:DPPC = 6:6:88
shown by antibody blocking (mol/mol), 90min after injection.

[ Zhang, Circulation, 112, 1601, 2005 **Zhang et al, Biomaterials, 2008, in press




No peptide liposomes Targeted liposomes

Zhang et al, Biomaterials, 2008, in press
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Nanoparticles- no target

Targeted particles




Results

Pharmacokinetics — heart muscle
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Targeted liposomes bind to heart within 100 seconds and stay stably.

Zhang et al, Biomaterials, 2008, in press

Results

Surface architecture - length of PEG spacer

Ligands exposed
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Why vehicle activation?

Protection of vehicles Bioavailability
during circulation at target

Why activatable imaging probe?

Assessment of enzyme activity
Cellular internalization
Assessment of vehicle stability & metabolism
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Multi-modal particles

ra Lipopeptides
 Lipid-PEG2000

Radioisotope

v Lipid

Optical labelidrug
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Why? Show local particle
activation

Why? Show stability
Stable liposomes




Unstable liposomes

Particles, degradation and activation
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mic acid), a biodegradable drug carrier. Pharm Res. 2007 Jun;24(6):1217-24.

Kinetics of metabolism- bladder
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Clearance of intact particle-

Choi, HS, Nature Biotechnology
25, 1165 - 1170 (2007)

1/10/2008

Conclusion

* New imaging tools under development to assess
pharmacokinetics of vehicles with MRI, SPECT,PET,
optical imaging.

» Kinetics of targeted vehicles can vary greatly.

« Activatable vehicles require new imaging approaches.
Optical imaging and MRI are obvious choices.

« In vivo imaging of vehicle metabolism and clearance also
require new approaches. Nuclear medicine techniques
are feasible.
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