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Length scales & Circulation within the
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Red Blood Cells Circulate for month(s)
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Membrane protein CD47 required for Circulation
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human-C0D47 on micron-size particles Inhibits phagocytosis
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decades of work on Lipid-based Vesicles,
Micelles, & Oily Emu/s/bns
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LIPOSOMES

corventtional

15" Generation Nano-Delivery Systems:

+Delivery of many Drugs is improved
+Synthetic Polymers (eqg. PEG) prolong circulation
+Entry into cells can occur but...

-Drug release is uncontrolled
-Clearance from Circulation occurs within hours
(versus months for Red Blood Cells)



Nature's Nano-Carriers
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Polymersomes: Thickness-controlled polymer vesicles
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Polymer Vesicles

Dennis E. Discher' and Adi Eisenberg®

Science:
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Fully PEGylated Vesicles are Super-Stealthy but still Opsonized

/n vitro
A P’somes
in plasma
MW (kD)|18 hrs+shear | Plasma
127 '
84
-&'} albumin
49.5
enriched
o < plasma
35.3 protein
28
20.5
.

@

Circulation Half-life, 14, (hr)

Circulation Half-life, T4, (hr)

207

0-

%

40 -

10 4

L
i N
L

n vivo

. K,-[PEG] .
K, +[PEG] °

K,=148 hrs
K,=3.0 %
,=4.4 hrs

| ]
rat {o liposomes
A
+ P’somes
o .
mouse {o liposomes

[FI T T T T T T T I’J‘ T T 1
0 5 10 15 98 100
PEGylation (MWpgg ~ 1840-2000 Da)

D

* OE Series
B (OB Series
(Ti2 — 4.4hrs) ~ (MWpgg)?
a=043
‘IG'IGIGI I I I 5[]IDD

MWpgg (Da)

and then Cleared

v o=



Typical Viral Entry & Release
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Controlled Release Polymer Vesicles

Hydrolysable Polyesters
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» others have shown PEG-PLA makes sphere micelles (mid-90°s)
» all blocks FDA approved

J.Controlled Release (2004)



Self-Porating Polymersomes for Controlled Release

PEG-PLA vesicles

4°C " .
oH 7.4

[EEN
o
o

e

|

(00)
o

80

7 ()40

°oH 5.5 pH 7.4

Intact Polymersomes (%)

40 .60 80
Time (h)

rate(T) ~ exp(-E /ksT); E, ~ 40 kJ/mol

F Ahmed, D.E. Discher / Journal of Controlled Release xx (2004)



>

% Psome colocalized with endolysosomes

Endolysosomal poration
of degradable polymersomes
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Endolysosome permeation with Micelles
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Anticancer: Dual-drug delivery to Tumors with Degradable Polymersomes
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Encapsulants

» hydrophobic drugs in thick membrane (Taxol)
> hydrophilic drugs (anti-cancer Doxorubicin)
> Antisense & RNA; Oligonucleotides

> peptides (antimicrobials ..)
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Nature's Nano-Carriers
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Ebola Virion:
polydisperse in length, nano-diameter, flexible

e

Figure 1 Transmission electron micrographs of negatively stained hemaorrhagic fever virus particles.

Ebola virus (bottom). Filovirus particles are mostly
filamentous and vary in length up to 14,000 nm with a uniform diameter of 80 nm. Mean unit length is
about 1.000 nm. Other forms of filovirus particles include U-shaped, ‘&' -shaped or circular
configurations; branching of filamentous particles can also occur.




Influenza virus in the form of long filaments up to several micrometers in length
has been observed as the predominant morphology in early passages of virus

isolates from infected individuals and in allantoic fluid preparations of virus

i In contrast. laboratory-adapted influenza viruses
used in cell culture experiments exist in a predominantly spherical morphology.,

Deadly Avian influenza virus - H5N1

30-70% infections
are fatal to humans /5

Changeable beast. Because the H5N1 virus is constantly changing, diagnostics and vaccines must
be updated regularly to remain effective.

Science, July 2005 o
rerce 4 Inspiration??l/



fro® 0.5 — Stable, Flexible, Nano-Permeating Cylinders
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Flow among cells and extremely long Circulation
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a Model Circulatory System
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Length-dependent clearance in vitro
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Entry into Cells despite their Length
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Shrinking tumors with
Taxol/-loaded Filomicelle

Effectiveness increases
with Length of Filomicelles
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Polymer Vesicles & Cylinders (amphiphilic tuned copolymers)

%

% /dealized viral capsids’ to test circulation,
cell-polymer interactions,

shape effects in delivery

— more effective nano-therapeutics
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