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Drug delivery can be:

* TOPICAL
* eye drops, teething medications, minoxidil (Rogaine)

* LOCAL
* local anesthetics, drug eluting stents, inhaled bronchodilators

* REGIONAL
* 1solated limb perfusion, light activated medications

* SYSTEMIC
e oral ingestion, intravenous administration
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Drugs delivered via any route may:

* Disseminate systemically via circulatory transport
* Result 1n local or systemic toxicity
* Provoke immune responses

* Interact with other medications to potentiate or negate effects

We would like to see only very specific and titratable effects
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Drugs may seem pretty smart...

‘How will that stuff get
from down there up to
his sore throat™?”
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But they need to be made smart by

* Proper formulation for the delivery environment
* pH (e.g., local anesthetics)
* s1ze distribution (e.g., inhaled aerosols)
* encapsulation for time release (e.g., “SR” oral meds)

* Chemical modification to avoid undesired responses
* Immune reactions

* escape macrophages and RES

* Directing site-specificity
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Site specificity: Creating magic bullets

What we want!




This means getting to a smaller length scale

For drug targeting: nanoscale




Simplified overview of TDD

Clin Cancer Res 14: 1310-1316 (2008)
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Drug packagmg and targeting: Nano

=Y, . * Drug delivery by intravascular use
e ficdhe ’ .
Nanoparticles o R Sl S of targeted nanocarriers holds
B Bl O e S promise for personalized medicine

 Clinical optimization of drug
transport requires accurate
description of carrier motion in the
bloodstream and near endothelial
cells

* Synergistic computational approach
is essential to determining delivery:
high throughput; complex motions;

nanocarrier design specification;
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Nano offers great potential, 2
but also raises lots of questions

What are the right types of carriers?

What are the molecular targets?

What are the targeting molecules?

How are the carriers constructed and loaded (drug, targeting)?
How are the carriers administered?

How do carriers reach diseased tissues?

How are the carriers internalized and trafficked by cells?

How 1s the drug released from the carrier?
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Is this more effective and/or less toxic?
10. How 1s any of this optimized?

11. More, more, more



What are the right types of carriers?

I un o-toxin/druyg Carbon nanotube Micelles ity _
fusion protein _ {:} Lipozome

Biodegradable polymer

Chemotherapetic

surface functionality
Falymer-conjugate

drug/protein
Spacer groups

long circulating agent

Targeting malecule
(aptamers, artibodies and their fragments)

Inarganic particle

Metallic shell

Amphipathic molecule

Dendrirmer

Manoshells Liposomes Polymeric carriers HERREEE  Carbon nanotube
Nature Nanotechnology 2: 751-760 (2007)




Cell surfaca and ECM-docking receptors in lumor vessals
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What are the molecular targets?

1. Endothelial Cell Markers (inflammatory) )
“Vascular®”
a. 1CAM-1 > Hydrodynamic
b. PECAM Considerations
C. Other (l n teg rins ?) — *Our targets in ALI, /R
2. Tumor Cell Markers _‘
a. Breast
“Non -vascular”
b. Colorectal Other important
™ considerations
c. Prostate
d. Hepatocellular
e. Other —
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Basic Experimental Model: Control

Carriers Cells Flow
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Effects of Targeting Molecule Density and""!‘“

Time on Cellular Binding of Particles
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Effects of Targeting Molecule Density and"‘"!‘“

Time on Cellular Binding of Particles
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Synthesis of antibody-decorated nanogels

NG NG-mADb

TN N

3 days 1 day 1 day

AL Rhodamine B isothiocyanate—Dextran Lysozyme o Aldehyde Y IgG/anti-ICAM-1 DXM Dexamethasone



Drug carried in nanogel 1s releasable
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f targeted nanogels
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In vivo targeting of NG-mAb
loaded with DXM via ICAM-1

Collect blood, organs and tissue




Biological Protection from LPS-induced
Injury/Inflammation 1s Achieved
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Hydrodynamic interactions and binding

nanocarrier
antibody

antigen
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Endathelial Surface
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Lingering questions about magic bullets

1. How does drug delivery get optimized?
a. Carrier size, shape, type
Carrier concentration in bulk
How much to infuse
Surface density of target molecule, linker
Where/what 1s the drug
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2. Is this more effective and/or less toxic?
a. Evidence 1s scant at present
b. Toxicity of carrier vs drug
c. What studies should be done first?







