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Figure 2. Cell images of internalized and surface bound nanoparticles (NP) or 
Salmonella. (A) Representative images of RAW 264.7 cells that internalized NP (left 
panel) and cells to which NP were bound to their surface but not internalized (right 
panel). (B) Representative images of RAW 264.7 cells that internalized Salmonella 
(left panel) and cells to which Salmonella were bound to their surface but not 
internalized (right panel).   
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Figure 3. Cytochalasin-D treatment of cells inhibited internalization of NP and 
Salmonella. (A) Pretreatment of RAW 264.7 cells with cytochalasin-D or incubation 
at 4°C reduced the incidence of NP or Salmonella internalization as compared to 
RAW 264.7 cells incubated at 37°C in medium. RAW 264.7 cells incubated in 
medium containing DMSO (i.e., vehicle control) showed similar internalization levels 
for NP and Salmonella compared to medium alone (data not shown). (B) 
Pretreatment of RAW 264.7 cells with cytochalasin-D increased the percent of cells 
with surface bound NP while decreasing the percent of cells with surface bound 
Salmonella.  
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ABSTRACT 

Advancements toward an improved vaccine against Bacillus anthracis, the causative 
agent of anthrax, have focused on formulations composed of the protective 
antigen (PA) adsorbed to aluminum hydroxide. However, due to the labile nature of 
PA, antigen stability is a primary concern for vaccine development. Thus, there is a 
need for a delivery system capable of preserving the immunogenicity of PA through 
all the steps of vaccine fabrication, storage, and administration. In this work, we 
demonstrate that biodegrad- able amphiphilic polyanhydride nanoparticles, which 
have previously been shown to provide controlled antigen delivery, antigen stability, 
immune modulation, and protection in a single dose against a pathogenic challenge, 
can stabilize and release functional PA. These nanoparticles demonstrated polymer 
hydrophobicity-dependent preservation of the biological function of PA upon 
encapsulation, storage (over extended times and elevated temperatures), and 
release. Specifically, fabrication of amphiphilic polyanhydride nanoparticles 
composed of 1,6-bis(p- carboxyphenoxy)hexane and 1,8-bis(p-carboxyphenoxy)-
3,6-dioxaoctane best preserved PA functionality. These studies demonstrate the 
versatility and superiority of amphiphilic nanoparticles as vaccine delivery vehicles 
suitable for long-term storage. 
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ABSTRACT 
 
An opportunity exists today for cross-cutting research utilizing advances in materials 
science, immunology, microbial pathogenesis, and computational analysis to 
effectively design the next generation of adjuvants and vaccines. This study 
integrates these advances into a bottom-up approach for the molecular design of 
nanoadjuvants capable of mimicking the immune response induced by a natural 
infection but without the toxic side effects. Biodegradable amphiphilic polyanhydrides 
possess the unique ability to mimic pathogens and pathogen associated molecular 
patterns with respect to persisting within and activating immune cells, respectively. 
The molecular properties responsible for the pathogen-mimicking abilities of these 
materials have been identified. The value of using polyanhydride nanovaccines was 
demonstrated by the induction of long-lived protection against a lethal challenge of 
Yersinia pestis following a single administration ten months earlier. This approach 
has the tantalizing potential to catalyze the development of next generation vaccines 
against diseases caused by emerging and re-emerging pathogens. 
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ABSTRACT 

Targeting pathogen recognition receptors on dendritic cells (DCs) offers the 
advantage of triggering specific signaling pathways to induce a tailored and robust 
immune response. In this work, we describe a novel approach to targeted antigen 
delivery by decorating the surface of polyanhydride nanoparticles with specific 
carbohydrates to provide “pathogen- like” properties that ensure nanoparticles 
engage C-type lectin receptors on DCs. The surface of polyanhydride 
nanoparticles was functionalized by covalent linkage of dimannose and 
lactose residues using an amine_carboxylic acid coupling reaction. Coculture of 
functionalized nanoparticles with bone marrow- derived DCs significantly increased 
cell surface expression of MHC II, the T cell costimulatory molecules CD86 and 
CD40, the C-type lectin receptor CIRE and the mannose receptor CD206 over the 
nonfunctionalized nanoparticles. Both non- functionalized and functionalized 
nanoparticles were efficiently internalized by DCs, indicating that internalization of 
function- alized nanoparticles was necessary but not sufficient to activate DCs. 
Blocking the mannose and CIRE receptors prior to the addition of functionalized 
nanoparticles to the culture inhibited the increased surface expression of MHC II, 
CD40 and CD86. Together, these data indicate that engagement of CIRE and the 
mannose receptor is a key mechanism by which functionalized nanoparticles 
activate DCs. These studies provide valuable insights into the rational design of 
targeted nanovaccine platforms to induce robust immune responses and improve 
vaccine efficacy. 
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ABSTRACT 

The present study was designed to evaluate the adjuvant activity of polyanhydride 
microparticles prepared in the absence of additional stabilizers, excipients or 
immune modulators. Microparticles composed of varying ratios of either 1,6-bis(p-
carboxyphenoxy)hexane (CPH) and sebacic acid or 1,8-bis(p-carboxyphenoxy)-3,6-
dioxaoctane and CPH were added to in vitro cultures of bone marrow-derived 
dendritic cells (DCs). Microparticles were efficiently and rapidly phagocytosed by 
DCs in the absence of opsonization and without centrifugation or agitation. Within 
2h, internalized particles were rapidly localized to an acidic, phagolysosomal 
compartment. By 48 h, only a minor reduction in microparticle size was observed in 
the phagolysosomal compartment, indicating minimal particle erosion consistent with 
being localized within an intracellular microenvironment favoring particle stability. 
Polyanhydride microparticles increased DC surface expression of major 
histocompatability complex class II, the co-stimulatory molecules CD86 and CD40, 
and the C-type lectin CIRE (murine DC-SIGN; CD209). In addition, microparticle 
stimulation of DCs also enhanced secretion of the cytokines IL-12p40 and IL-6, a 
phenomenon found to be dependent on polymer chemistry. DCs cultured with 
polyanhydride microparticles and ovalbumin induced polymer chemistry-dependent 
antigen-specific proliferation of both CD4(+) OT-II and CD8(+) OT-I T cells. These 
data indicate that polyanhydride particles can be tailored to take advantage of the 
potential plasticity of the immune response, resulting in the ability to induce immune 
protection against many types of pathogens. 
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ABSTRACT 

 
 Purpose. To demonstrate that polyanhydride copolymer chemistry affects the 

uptake and intracellular compartmentalization of nanospheres by THP-1 human 
monocytic cells. Methods. Polyanhydride nanospheres were prepared by an anti-
solvent nanoprecipitation technique. Morphology and particle diameter were 
confirmed via scanning election microscopy and quasi-elastic light scattering, 
respectively. The effects of varying polymer chemistry on nanosphere and 
fluorescently labeled protein uptake by THP-1 cells were monitored by laser 
scanning confocal microscopy. Results. Polyanhydride nanoparticles composed of 
poly(sebacic anhydride) (SA), and 20:80 and 50:50 copolymers of 1,6-bis-(p-
carboxyphenoxy)hexane (CPH) anhydride and SA were fabricated with similar 
spherical morphology and particle diameter (200 to 800 nm). Exposure of the 
nanospheres to THP-1 monocytes showed that poly(SA) and 20:80 CPH:SA 
nanospheres were readily internalized whereas 50:50 CPH:SA nanospheres had 
limited uptake. The chemistries also differentially enhanced the uptake of a red 
fluorescent protein-labeled antigen. Conclusions. Nanosphere and antigen uptake 
by monocytes can be directly correlated to the chemistry of the nanosphere. These 
results demonstrate the importance of choosing polyanhydride chemistries that 
facilitate enhanced interactions with antigen presenting cells that are necessary in 
the initiation of efficacious immune responses. 


