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Molecular/particulate drug carriers (continued)
Stealth particles

ANNOUNCEMENTS:

Last Time: molecular, nano, and microcarriers for drug molecules

Today: carriers continued
‘stealth’ particles

Reading: S. Stolnik et al. ‘Long circulating microparticulate drug carriers,’
Adv. Drug Deliv. Rev. 16, 195 (1995)

Supplementary Reading: Halperin – theory of protein-resistant brushes
Efremova et al. – experimental test of theory with model 
‘stealth’ liposome surfaces
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Last Time: MOLECULAR/PARTICULATE DRUG CARRIERS
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Image removed due to copyright reasons. 
Please see: Kakizawa, Y., and K. Kataoka.
"Block Copolymer Micelles for Delivery 
of Gene and related compounds." Adv 
Drug Deliv Rev 54 (2002): 203-22.

Figure by MIT OCW.
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Vesicle carriers

Liposomes – lipid bilayer vesicles formed typically using 
phospholipids mimicking the plasma membrane of cells

Virosomes – hybrids formed by fusion of liposomes with 
viral particles

Polymerosomes – synthetic vesicles formed using block 
copolymers as analogs of small-molecule amphiphiles
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Liposome carriers

(-)

100 nm

Image removed due to copyright reasons.
Please see: Bergstrand, and Edwards. Langmuir 17 (2001): 3245-3253.

Figure removed for copyright reasons.
Please see: Figure 2 in  Bergstrand, and Edwards.
Langmuir 17 (2001): 3245-3253.



Putative Mechanism (s) of Enzyme-Activated Delivery

Stable liposome/targeting moiety complex with net
negative charge

Peptide linkers are cleaved by soluble 
or cell-associated proteases

Possible direct delivery 
via fusion with plasma 
membrane

Liposome becomes positively 
charged and fusogenic
(before or after uptake) Association between 

membranes

Possible peptide cleavage 
and fusogenic delivery in 
endolysosome

Fusion of liposomal membrane with 
endosomal membrane

Release of cargo into cytosol

Uptake by endosome
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Figure by MIT OCW.
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Virosomes: hybridizing synthetic liposomes with viral 
membranes

Conventional 
liposome

Ultra violet-inactivated
sendai virus

Attach to cell
 membrane

Fusogenic 
liposome

Fusion and introduce 
the contents into cytoplasm

Features of fusogenic liposomes as efficient delivery vehicles into the cytoplasm. Fusogenic liposomes were prepared 
by fusing conventional liposomes with the Sendai virus at 37oC and purified by discontinuous sucrose centrifugation. 
Fusogenic liposomes bind to the cell surface via HANA proteins and fuse with the cell membrane with F proteins, then 
directly deliver encapsulated molecules into the cytoplasm.

Contents (Protein, Gene ets)
F Protein
Hana Protein}

Cell

Figure by MIT OCW.
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Pros and cons of vesicular delivery

Advantages:

Disadvantages:
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Synthetic polymer nano- and micro-particle carriers

Nanoparticles

microparticles

Strategies for synthesis:
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+

Plasmid DNA

Polycation backbone*

Hydrophilic side chains**

** side chain components* Backbone components

PEI -(CH2-CH2-O)n- PEO

PLL
dextran
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Synthetic polymer nano- and micro-particle carriers



Nanoparticle DNA packaging Protection from DNAses

Figure removed due to copyright reasons.
Please see: Figure 2 in Park, S., and K. E. Healy. “Nanopoarticulate 
DNA Packaging using Terpolymers of Poly(lysine-g-lactide-b-ethylene glycol).”
Bioconjugate Chemistry 14 (2003): 311-319.

 Figure removed due to copyright reasons.
Please see: Figure 5 in Park, S., and K. E. Healy .
“Nanopoarticulate DNA Packaging using Terpolymers 
of Poly(lysine-g-lactide-b-ethylene glycol).” Bioconjugate

 Chemistry 14 (2003): 311-319.

Figure removed due to copyright reasons.
Please see: Figure 6 in Park, S., and K. E. Healy.
“Nanopoarticulate DNA Packaging using Terpolymers of 
Poly(lysine-g-lactide-b-ethylene glycol).” Bioconjugate 
Chemistry 14 (2003): 311-319.
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Nanoparticle DNA packaging

0.5X HBS (Hank’s buffered saline) = 75 mM NaCl, 20 mM HEPES,2.5% glucose
0.5X HBG (HEPES-buffered glucose) = 20 mM HEPES, 5% glucose

Graph removed due to copyright reasons.

Please see: Wightman, et al. J Gene Med 3 (2001): 362-372.
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Surface modification of biodegradable micro/nanoparticle carriers

-OH
-COOH

-(CO)-(NH)-

0.1M NaOH 15 min

Selective hydrolysis 
of surface layer

Targeting ligand/
Cargo

Glass/Plastic Surface

Sialyl Lewis* & Derivatives

Biotin
Avidin

P-selectin, E-selection

PLGA

Figure by MIT OCW.
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DELIVERY USING CARRIERS THROUGH 
SYSTEMIC/ORAL ROUTES
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Systemic delivery from bloodstream

Size limits for penetration of tissue from circulation:

Kidneys Reticuloendothelial system 
(RES)

(Liver/spleen -
macrophages, monocytes)

Escape vasculature:  
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Enhanced permeation and retention (EPR) effect in tumors:
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How to avoid the RES?

C. Van Oss (1978): showed that many bacteria 
which remain in circulation have a highly 
hydrophilic, hydrated surface layer of protein, 
polysaccharide, and glycoprotein

F.F. Davis (1977): showed showed that 
poly(ethylene glycol) conjugated to a protein is 
non-immunogenic and greatly increased protein 
half-lives in vivo

T. Paustian, 
http://www.bact.wisc.edu/MicrotextBook/BacterialStruct
ure/CellWall.html

Image removed due to copyright reasons.
Please see: Annu Rev Microbiol 32, 19 (1978).

Image by MIT OCW after Davis, F.F. Journal of Biol Chem 252, 3578 (1977).
Figure by MIT OCW.
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PEGylated molecules:

protein

PEG chain

Table removed due to copyright reasons.
Please see: Table 1 in Harris, J. M., and R. B. Chess. "Effect of Pegylation 
on Pharmaceuticals." Nat Rev Drug Discov 2 (2003): 214-21.

Figure removed due to copyright reasons.
Please see: Figure 4 in Harris, J.M., and R.B. Chess. "Effect of Pegylation
on Pharmaceuticals." Nat Rev Drug Discov 2 (2003): 214-21.
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Translation to submicron carriers: ‘stealth’ particles
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Theory of protein-resistant surfaces

Lo

σ

R

z

Protein modeled as an 
impenetrable sphere of 
radius R

Model parameters



Lecture 18 Spring 2006 22

Attractive potential

z

Uatt(z)

Repulsive potential

z

Urep(z)

z

Urep(z)
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Total potential:

z

U(z)
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Adsorption of small proteins

c

θ

Langmuir binding model:
1) Proteins are dilute- do not interact with one another
2) Proteins bind to a finite number of unique surface sites
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Achieving protein-resistant stealth particles

R

Uin(z)

σ

Uin(z)

What condition for equilibrium primary protein adsorption resistance?
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Adsorption of large vs. small proteins

Kinetic protein resistance:
Depends on Lo and σ, but s,R
dependence still dominates

Figure removed due to copyright reasons.
Please see: Figure 2 in Halperin, A. "Polymer Brushes that
Resist Absorption of Model Proteins: Design Parameters."
Langmuir 15 (1999): 2525-2533.

Figure removed due to copyright reasons.
Please see: Figure 3 in Halperin, A. "Polymer brushes that
Resist Absorption of Model Proteins: Design Parameters."
Langmuir 15 (1999): 2525-2533.
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Comparison of theory with 
experiment

Surface plasmon resonance measurements:

Figure removed for copyright reasons.
Please see: Figure 7 in Efremova, et al. "Measurements of Interbilayer
Forces and Protein Adsorption on Uncharged Lipid Bilayers Displaying 
Poly(ethylene glycol) Chains." Biochemistry 39 (2000): 3441-51.
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Comparison of theory with 
experiment

BPTI = bovine pancreatic trypsin inhibitor (enzyme), 6 KDa, 
21x21x30 Å HSA = human serum albumin, 66 KDa, 38x38x150  Å

FBN = fibrinogen, 340 KDa, 55x55x460 Å

Figure removed for copyright reasons.
Please see: Figure 9 in Efremova, et al. "Measurements of
Interbilayer Forces and Protein Adsorption on Uncharged
Lipid Bilayers Displaying Poly(ethylene glycol) Chains."
Biochemistry 39 (2000): 3441-51.

Figure removed for copyright reasons.
Please see: Figure 10 in Efremova, et al. "Measurements of Interbilayer
Forces and Protein Adsorption on Uncharged Lipid Bilayers Displaying 
Poly(ethylene glycol) Chains." Biochemistry 39 (2000): 3441-51.
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Additional benefits of PEGylated carriers: improved 
carrier stability

Liposomes:

Potential for 
membrane 

fusion
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Synthesis of ‘stealth’ particles

Carrier 
surface

e.g. Pluronics:
PEO
PPO

Figure removed for copyright reasons.
Please see: Figure 1 in Stolnik, et al. "Long Circulating
Microparticulate Drug Carriers." Advanced Drug Delivery
Reviews 16 (1995): 195-214.
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PEG = 5KDa, PLGA = 40 KDa

31

(1)

(2)
(3)

(4)

Poly(vinyl alcohol):
Adsorbs to surface of organic droplets to 
provide initial stability to forming spheres

Block copolymer
localizes at 
organic/aq.
solution interface

Example stealth 
particle results: 
PEGylated PLGA
nanoparticles
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Double emulsion 
synthesis

PEG = 5KDa, PLGA = 40 KDa

Surface steric 
barrier 

Block copolymer localization at aqueous/polymer interfaces

PEG chains line inner 
aq. compartments-
minimize protein 

denaturation
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TEM of nanoparticles Release properties of diblock particles

Increased t1/2 in blood: Altered biodistribution:

Image removed for copyright reason.
Please see: Li, et al. PEGylated PLGA Nanoparticles 
as Protein Carriers: Synthesis, Preparation and 
Biodistribution in Rats." J Control Release 71 (2001): 203-11.

Figure removed for copyright reasons.
Please see: Figure 6 in Li, et al. "PEGylated PLGA nanoparticles
as Protein Carriers: Synthesis, Preparation and Biodistribution in
Rats." J Control Release 71 (2001): 203-11.

Figure removed for copyright reasons.
Please see: Figure 7 in Li, et al. "PEGylated PLGA
Nanoparticles as Protein Carriers: Synthesis, Preparation and
Biodistribution in Rats." J Control Release 71 (2001): 203-11.

Chart removed for copyright reason.
Please see: Li, et al. "PEGylated PLGA Nanoparticles as Protein
Carriers: Synthesis, Preparation and Biodistribution in Rats." 
J Control Release 71 (2001): 203-11.
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Clinically-approved stealth carriers

 PEG-GCSF (granulocyte colony stimulating factor, Amgen) 2002 
o Pegylated GCSF (cytokine) 
o Reduction of febrile neutropenia associated with chemotherapy 

 Pegademase (Adagen) 1990 
o Pegylated adenosine deaminase (enzyme) 
o Treatment of severe combined immunodeficiency (SCID)- hereditary lack of adenosine deaminase 

 Pegaspargase (Oncaspar) 
o Pegylated asparaginase (enzyme) 
o Treatment of leukemia 

 Leukaemic cells cannot synthesize asparagines; asparaginase kills cells by depleting 
extracellular sources of this amino acid 

 Pegylated IFN-α2a (Pegasys) 2001 
o Treamtent of hepatitis C 

 Doxil (Alza) 1995-2003 
o Pegylated liposomes carrying anti-cancer drug doxorubicin 
o Improves treatment from daily 30min injections for 5 days every 3 weeks to once-a-month single 

injections 
o Approved for treatment of Karposi’s sarcoma, ovarian cancer, and breast cancer8 
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Cell type-dependent endocytosis limits
Internalization of 200nm-diam particles by carcinoma cell line: 

Image removed for copyright reasons.
Please see: Zuner, et al. J Contr Rel 71, 39 (2001).

Table removed for copyright reasons.
Please see: Table 1 in Zuner, et al. J Contr Rel 71, 39 (2001).
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Oral delivery barriers

Transcytosis in gut:

Image removed for copyright reasons.
Please see: Lodish, et al. Molecular Cell Biology.
New York, NY: W.H.Freeman, 2004.

Image removed for copyright reasons.
Please see: Keegan, and Saltzman. 
Biomaterials 24 (2003): 4435-4443.
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Further Reading

 
1. Moghimi, S. M., Hunter, A. C. & Murray, J. C. Long-circulating and target-specific nanoparticles: theory to practice.

Pharmacol Rev 53, 283-318 (2001). 
2. Li, Y. et al. PEGylated PLGA nanoparticles as protein carriers: synthesis, preparation and biodistribution in rats. J 

Control Release 71, 203-11 (2001). 
3. Stolnik, S., Illum, L. & Davis, S. S. Long Circulating Microparticulate Drug Carriers. Advanced Drug Delivery 

Reviews 16, 195-214 (1995). 
4. Kozlowski, A. & Harris, J. M. Improvements in protein PEGylation: pegylated interferons for treatment of hepatitis 

C. J Control Release 72, 217-24 (2001). 
5. Harris, J. M. & Chess, R. B. Effect of pegylation on pharmaceuticals. Nat Rev Drug Discov 2, 214-21 (2003). 
6. Efremova, N. V., Bondurant, B., O'Brien, D. F. & Leckband, D. E. Measurements of interbilayer forces and protein 

adsorption on uncharged lipid bilayers displaying poly(ethylene glycol) chains. Biochemistry 39, 3441-51 (2000). 
7. Halperin, A. Polymer brushes that resist adsorption of model proteins: Design parameters. Langmuir 15, 2525-

2533 (1999). 
8. Allen, T. M. & Cullis, P. R. Drug delivery systems: entering the mainstream. Science 303, 1818-22 (2004). 
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