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Part 1 
 

•  Self-assembly and cellular life 
•  Lipoproteins 
 

•  Amphiphiles and (phospholipids) 
 

•  Vesicles, disks, micelles 

Part 2 
 

•  Liposomes 
•  Oil-in-water emulsions 
 

•  Nanocrystal core HDL 
•  Complex lipid/polymer hybrid nanoparticles 
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• Oil-in-water emulsions 
• Nanocrystal core HDL 
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Self-assembly and (cellular) life 
HDL: �good cholesterol� 

Genesis 

Reverse cholesterol transport 

HDL: �good cholesterol� 



Architecture of lipoprotein Polarity 
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Oil in water 
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Hydrogen bonds 
  
 
 
 
 
 
Attractive interaction of a hydrogen atom 
with an electronegative atom that comes 
from another molecule or chemical group 

Amphiphilic molecules 
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Phospholipid 

Lipid aggregates in water 
Phospholipids 
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Lipid aggregates in water 
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DPPC 
1,2-dipalmitoyl-sn-glycero-3-phosphocholin 

PEG-DSPE 
1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] 
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Hydrophilic fraction ƒ dictates aggregate morphology 

Lipid aggregates in water 
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Phospholipid vesicles: Liposomes Van der Waals force is the sum of the attractive or repulsive forces between molecules 

Van der Waals interactions 

Liposome formation Dissolving lipids 
1 



Lipid film formation 
2 

Lipid film hydration 
3 

3 

Multilamellar vesicles (MLVs) 

Sizing of MLVs 
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Sonication 

Extrusion 

Liposomes: unilamellar vesicles 
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Unilamellar vesicles 

Evolution of liposomes 
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Liposome-cell interaction 
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Clinically approved liposomes 
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Liposomes and imaging Liposomes and imaging 
1: Li KC, Bednarski MD. Vascular-targeted molecular 
imaging using functionalized  
polymerized vesicles. J Magn Reson Imaging. 2002. 
 
2: Sipkins DA, Cheresh DA, Kazemi MR, Nevin LM, 
Bednarski MD, Li KC. Detection of 
tumor angiogenesis in vivo by alphaVbeta3-targeted 
magnetic resonance imaging. 
Nat Med. 1998. 
 
3: Bednarski MD, Lee JW, Callstrom MR, Li KC. In 
vivo target-specific delivery of 
macromolecular agents with MR-guided focused 
ultrasound. Radiology. 1997. 
 
4: Storrs RW, Tropper FD, Li HY, Song CK, Sipkins DA, 
Kuniyoshi JK, Bednarski MD, 
Strauss HW, Li KC. Paramagnetic polymerized 
liposomes as new recirculating MR 
contrast agents. J Magn Reson Imaging. 1995. 
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Hydrogen bonds 
  
 
 
 
 
 
Attractive interaction of a hydrogen atom 
with an electronegative atom that comes 
from another molecule or chemical group 



Oil spill Oil-in-water emulsion 
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Oil-in-water emulsion Microfluidics 
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Nanoemulsions 
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Surface-switching 
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•  Endogenous nanoparticle, 
biodegradable, sized ~7-13 nm 

•  Has been adapted and used as an 
MRI contrast agent by including Gd-
chelates 

*���� ������A-*�

Frias et al. J. Am. Chem. Soc. 2004 
JC Frias et al. Nano Lett. 2006 
DP Cormode et al. Small 2008 
W Chen et al. Contrast Med. Mol. Im. 2008 
DP Cormode et al. Bioconjugate Chem. 2009 
KC Briley-Saebo et al. J. Phys. Chem. B, 2009 
T Skajaa et al. ATVB. 2010 
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Cormode et al. Nano Lett. 2008 
Cormode et al. Radiology. 2010. 
Skajaa et al. Nano Lett. 2010 
Skajaa et al. Biomaterials. 2011 
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1.  Addition of lipids and particles to hot water 
2.  Incubation with apoA-I 
3.  Separation via centrifugation in 30% KBr 
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Cormode et al. Nano Lett. 2008 
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Microfluidics setup 

Microvortices 
 Lipid/polymer hybrid nanoparticle 

 

•  Polymer (PLGA) 

•  Carrier lipids 
 

•  Au nanocrystals 

•  PEG-lipids 



Lipid/polymer hybrid nanoparticle Lipid/polymer hybrid nanoparticle 

Lipid/polymer hybrid nanoparticle 
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Translational Nanomedical Therapies for Cardiac and Vascular Diseases 
NanoCarD: Nanomedicines for Cardiovascular Disease 
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Nanomedicine Laboratory at Mount Sinai www.facebook.com/NanoTMII 


