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RBC  from wildRBC  from wild--typetype

Red Blood Cells Circulate for Red Blood Cells Circulate for month(smonth(s))

hrs

‘‘typicaltypical’’ NanoparticlesNanoparticles, Viruses, etc., Viruses, etc.
-- coated by plasma coated by plasma IgGIgG & Complement& Complement

-- ‘‘phagocytosedphagocytosed’’ in spleen & liver in spleen & liver 
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RBC from CD47(RBC from CD47(--) ) 
-- cleared by spleen macrophagescleared by spleen macrophages

RBC  from wildRBC  from wild--typetype

hrs
Oldenberg et al Science (2000)
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Membrane protein CD47 required for Circulation  Membrane protein CD47 required for Circulation  



humanhuman--CD47 on micronCD47 on micron--size particles Inhibits size particles Inhibits phagocytosisphagocytosis

Tsai & Discher J Cell Biol 2008



decades of work on Lipid-based Vesicles, 
Micelles, & Oily Emulsions
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11stst Generation Generation NanoNano--Delivery Systems:Delivery Systems:

+Delivery of many Drugs is improved
+Synthetic Polymers (eg. 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)
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60% PEG
48 diblock copolymers 
~6000 waters

44% PEG
108 diblock copolymers 
2200 waters

51% PEG
80 diblock copolymers 
4000 waters

Srinivas, Discher, & Klein.  
Nature Materials (2004)

Ortiz et al,
J.Phys.Chem 2005

PEG-based Diblock Amphiphiles
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Lipid 

d ~ MW 0.55

Polymersomes:  Thickness-controlled polymer vesicles 

Cryo-TEM

3-5nm

200 nm
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Photos et al.  
J Controlled Relase (2002)



Typical Viral Entry  &  Release 
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pH triggered
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Controlled Release Polymer Vesicles 
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Hydrolysable Polyesters

• others have shown PEG-PLA makes sphere micelles (mid-90’s)
• all blocks FDA approved

J.Controlled Release (2004)
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Self-Porating Polymersomes for Controlled Release
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MDA cells + DOX-Polymersomes

EndolysosomalEndolysosomal porationporation
of degradable polymersomes  of degradable polymersomes  

Passive uptake via
fluid phase endocytosis

Ahmed et al., Molecular Pharm. 2006
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vesicle micelle

lipid bilayer poration

top top side side 

time

EndolysosomeEndolysosome permeation withpermeation with MicellesMicelles

No interactions
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Anticancer: Dual-drug delivery to Tumors with Degradable Polymersomes

with 
Tamara Minko, 
Rutgers U.

Ahmed et al., Molecular Pharm. 2006
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100 nm

hydrophobic drugs in thick membrane (Taxol)

hydrophilic drugs (anti-cancer Doxorubicin)

Antisense & RNAi Oligonucleotides

peptides (antimicrobials …)

proteins (globins, catalase)

EncapsulantsEncapsulants

globin
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Ebola Ebola VirionVirion::
polydisperse in length, nano-diameter, flexible



Deadly Avian influenza virus – H5N1 

Science, July 2005

30-70% infections 
are fatal to humans

Inspiration??!! 



Geng Nature Nanotech 2007
Kim Nanotech 2005

Vesicles  or 
Worm micelles

Looks like
DNA electrophoresis

ffEOEO ≈≈ 0.50.5 →→ Stable, Flexible, Stable, Flexible, NanoNano--Permeating CylindersPermeating Cylinders

Hydrophobe
PEE, PBD, 
PLA, PCL
( low Tg )

Hydrophile
PEG, PAA Pulled by the flow



Flow among cells and extremely long Circulation

PKH26 dye

5 μm
Rat, mouse

Geng et al Nature Nanotech.Nature Nanotech. 2007

10 μm worms 
circulate longest,
then fragment



a Model Circulatory System

phagocytes

vehicles

“Heart”

Micro-channel

Clearance System (spleen & liver) 
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Entry into Cells despite their LengthEntry into Cells despite their Length
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Shrinking tumors with
Taxol-loaded Filomicelles

Same dosesSame doses

Effectiveness increases Effectiveness increases 
with Length of with Length of FilomicellesFilomicelles

Human lung cancer A549 Xenograft

SHAPESHAPE

MATTERS !
MATTERS !

Nature Nanotechnology 2007



Polymer Vesicles & Cylinders (amphiphilic tuned copolymers)

≈ idealized ‘viral capsids’ to test circulation, 

cell-polymer interactions, 

shape effects in delivery

→ more effective nano-therapeutics
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