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Statement of purpose  
  Approximately 25-30% of all breast cancers 
overexpress human epidermal growth factor receptor 2 
(HER2) on the cell surface. Herceptin is a therapeutic 
antibody that can recognize HER2 and mediate antibody-
dependent cellular cytotoxicity against human breast cancer 
cells. Therefore Herceptin can be used as both a targeting 
ligand and a therapeutic reagent for breast cancer treatment. 
Our group has developed a novel polymeric nanoparticle, 
composed of a biodegradable and biocompatible polymer[1]. 
This nanoparticle has been successfully modified with anti-
HER2 (aka Herceptin™). Combining the passive and active 
targeting, the modified immuno-nanoparticle holds great 
promise to deliver toxic drugs to the cancerous tissue at high 
concentrations and minimize systemic toxicity to 
neighbouring cells and tissues.  
   
Methods, materials, analytical procedures used and 
results  
  A novel amphiphilic copolymer of poly(2-methyl-
2-carboxytrimethylene carbonate-co-D,L-lactide) -g--
poly(ethylene glycol)-furan  (poly(TMCC-co-LA)-g-PEG-
furan) forms polymeric nanoparticles of ~80 nm diameter 
by self-assembly having the furan functional groups on the 
surface of the nanoparticles[2]. In order to derivatize these 
nanoparticles with targeting agents, we modified the Fc 
constant region of Herceptin with maleimide groups, 
thereby allowing Diels-Alder chemistry between PEG-furan 
and Herceptin-maleimide.  Specifically, the Fc region, 
which is rich in polysaccharide chains, was oxidized to 
aldehyde, and then modified with maleimide-containing 
molecule 4-(4-N-maleimidophenyl) butyric acid hydrazide 
(MPBH) without affecting the active Fab region of the 
antibody.  
 To demonstrate the capability of Herceptin-
nanoparticles to bind specifically with HER2-over-
expressing cells, the immuno-nanoparticles (and a series 
of controls) were incubated with the following cell lines: 
SKBR3 (HER2-overexpressing), MCF7 (HER2- low-
expressing), and MDAMB- 468 (HER2 negative).  By 
flow cytometry[2] (Fig 1), the binding of the Herceptin-
nanoparticles was significantly greater to high HER2 
expressing SKBR3 cells than low HER2 expressing 
MCF7 cells.  Herceptin-nanoparticles showed 4-fold 
higher binding affinity with SKRB3 cells than the IgG1K-

nanoparticles, demonstrating the lack of non-specific 
antibody binding. 
 Notwithstanding these exciting results, both the 
polymer and resulting self-assembled 

    
 
Fig 1. Mean fluorescent intensity measured for immuno-
nanoparticles binding with SKBR3 cells, MCF7, and 
MDA-MB-468 cells, determined by flow cytometry. 

 
nanoparticles are polydisperse. To create near-monodisperse 
polymers, a thio-urea catalyzed ring opening polymerization 
was pursued[3]. The polydispersity (PDI) of poly(TMCC-
co-LA) was reduced significantly from 2.70 from the 
original stannous octanoate thermal ring opening 
polymerization to 1.27 with the thio-urea living 
polymerization.  The molar mass and composition are 
controlled by the monomer to initiator ratio and feed 
composition, respectfully.  And these in turn will affect the 
polydispersity of the nanoparticles formed.   
 
Conclusion 
  Novel, biodegradable, functional polymeric 
nanoparticles were synthesized and modified with anti-
HER2 by Diels Alder chemistry. These bioactive 
nanoparticles maintain their binding affinity for HER2.   
The polymer molar mass and composition can be tuned by a 
living polymerization synthetic mechanism.   
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