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Polymer Chemistry Influences Monocytic Uptake of Polyanhydride Nanospheres
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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.
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INTRODUCTION

Bioerodible polymers have been studied as sustainable
drug delivery vehicles for over thirty years (1). Polyesters and
polyanhydrides are two families of polymers that are strong
candidates for biomedical applications because of the bio-
compatibility and bioresorbability of their degradation prod-
ucts (2). While polyesters, like poly(lactic-co-glycolic acid)
(PLGA), have been approved by the FDA for many in vivo
applications (3), their suitability for use as vaccine delivery
vehicles is affected by various factors that negatively impact
the stability of encapsulated proteins. Research has shown
that the bulk-erodible polyester-based delivery systems
display rapid release profiles (4,5), produce low pH micro-
environments (6–8), and can initiate moisture-induced pro-
tein aggregation (8–10). In contrast, polyanhydrides are
characterized by chemistry-dependent surface erosion and
payload release (11–13), moderate pH microenvironments
(8,14,15), and superior protein stabilization capabilities
(10,16,17). Polyanhydrides have been used to deliver plasmid
DNA (18), proteins (9,13,17), small molecular weight drugs

(11,19,20), and vaccine immunogens (21,22). Alterations of
polyanhydride chemistry modulate degradation rates from
weeks to years, which can be exploited to best fit therapeutic
needs (9,11,16). In addition, polyanhydride microspheres used
as vaccine delivery vehicles exhibit a chemistry-dependent,
immunomodulatory adjuvant effect (22). Kipper et al. showed
that encapsulating tetanus toxoid (TT) into polyanhydride
microspheres or co-delivering free TT along with the micro-
spheres enhanced antigen-specific immune responses (22).
Furthermore, the relative increase of polymer hydrophobicity
effectively modulated the immune response from a dominant
TH2 (humoral) to a TH0 (balanced) response. Together, these
results indicate that polyanhydride microspheres are promising
vehicles for vaccine delivery.

The polyanhydride chemistries used in the present study
were copolymers of sebacic anhydride (SA) and 1,6-bis-
(p-carboxyphenoxy)hexane (CPH) anhydride with chemical
structures as shown in Fig. 1. With aromatic rings, the CPH
unit is more hydrophobic than the aliphatic SA unit.
Copolymers containing higher compositions of CPH have
been shown to degrade slower than copolymers containing
higher compositions of SA (9).

In the last several decades, the in vivo applications
utilizing polymer carriers have transitioned from the use of
large, implanted pellets (∼1 mm) to microspheres (∼5–
20 μm) and, more recently, to nanospheres (∼100–500 nm)
(1,11). In comparison to implants, microspheres (or nano-
spheres) do not require surgical insertion or removal (22), can
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carry multiple drugs (20,23), and are phagocytosed by antigen
presenting cells (APCs) (24). Inhalation and intranasal delivery
can be realized with particles that are small enough to pass
through the finely porous networks of the nasal, tracheal, and
pulmonary filtration systems (25,26). In addition, multiple
studies have shown that polymeric nanoparticles gain ready
access into sub-mucosal layers of the nasal-associated and gut-
associated lymphoid tissues much more effectively than micro-
particles (27–29). In comparison to microspheres, nanospheres
were more readily taken up by APCs (30). Collectively, these
characteristics underpin the functional diversity and enhanced
capabilities of polyanhydride nanospheres.

In order for polyanhydride nanospheres to function as
efficacious vaccine adjuvants, they must possess the ability to
stimulate and to deliver antigen to APCs. In the present study,
we chose to use confocal microscopy to monitor both
intracellular and extracellular interactions between polyanhy-
dride nanospheres and APCs (31). In addition, confocal
microscopy allowed us to monitor the potential for polyanhy-
dride nanospheres to deliver antigen via the endocytic pathway
by evaluating the co-localization of polyanhydride nanospheres
within specific sub-cellular compartments associated with
antigen processing and presentation. Our data demonstrate
that systematically varying the chemistry of polyanhydride
nanospheres (by varying the SA content in a CPH:SA
copolymer) significantly affects nanosphere uptake by human
monocytic cells. In addition, we demonstrate that polymer
chemistry significantly influences the uptake of a model
antigen (Eα tagged with red fluorescent protein (RFP),
henceforth referred to as Eα-RFP) by human monocytic cells.

MATERIALS AND METHODS

Materials

Sebacic acid (99%), 4-hydroxybenzoic acid, 1-methyl-2-
pyrrolidinone anhydrous (99.5%), 1,6-dibromohexane
(98.5%) and fluorescein-isothiocyanate-dextran (FITC-dex-
tran) were purchased from Sigma-Aldrich (Milwaukee, WI,
USA). All other chemicals were purchased from Fisher
Scientific (Pittsburgh, PA, USA) and used as received.

Polyanhydride Synthesis and Characterization

Synthesis of SA and CPH pre-polymers and copolymers
was performed as previously described (11,12,32). The
resulting polymers were characterized using 1H nuclear
magnetic resonance to verify polymer chemistry, gel
permeation chromatography to analyze molecular weight,
and differential scanning calorimetry to determine glass
transition temperature and crystallinity. All properties
evaluated showed that the synthesized polymers were within
accepted ranges (11,12).

Nanosphere Fabrication and Characterization

FITC-dextran loaded nanospheres were fabricated by
polyanhydride anti-solvent nanoencapsulation (PAN), similar
to the method reported by Mathiowitz et al. for poly (fumaric
acid-co-sebacic acid) polymers (33). Polymer (145.5 mg) was
dissolved in methylene chloride (5 mL) held at room
temperature for poly(SA) and 20:80 CPH:SA and 0°C for
50:50 CPH:SA. FITC-dextran (4.5 mg) was added to the
polymer solution and homogenized at 30,000 rpm for 30 s to
create a suspension. The polymer/fluorescein solution was
rapidly poured into a bath of petroleum ether at an anti-
solvent to solvent ratio of 80:1 held at room temperature for
poly(SA) and 20:80 CPH:SA and -40°C for 50:50 CPH:SA
(due to the lower glass transition temperature for 50:50 CPH:
SA (12)). Polymer solubility changes due to the presence of
anti-solvent caused spontaneous particle formation. These
particles were removed from the anti-solvent by filtration (by
aspiration using a Buechner funnel and Whatman #2 filter
paper) and then dried overnight under vacuum. The procedure
yielded a fine powder with at least 70% recovery. The nano-
sphere morphology was investigated using scanning electron
microscopy (JEOL 840A, JEOL Ltd., Tokyo, Japan). Particle
diameter was determined using quasi-elastic light scattering
(Zetasizer Nano, Malvern Instruments Ltd., Worcester, UK).

Culture of THP-1 Human Monocytes and Co-Incubation
with Nanospheres

Tissue culture and subsequent derivation of adherent
THP-1 monocytes was performed according to published
reports (34) with some modification (35). Briefly, THP-1 cells
were grown in suspension using RPMI 1640 growth medium
supplemented with 10% newborn calf serum, 10 mM Gluta-
max, 25 mM HEPES, and 10 μg/ml penicillin–streptomycin
antibiotics (complete RPMI). Adherent monocytes were
derived from suspension cultures by stimulating cells with
5 nM phorbol-12-myristic-13-acetate (PMA) in 24 well tissue
culture plates containing 10 mm glass coverslips inside each
well at a final density of 5×105 cells per well. Following 24 h
PMA incubation, cultures were washed with PBS and
incubated in fresh RPMI without PMA for 24 h before
nanospheres were added.

Polyanhydride nanospheres (in the form of dry powder)
of poly(SA), 20:80 CPH:SA, or 50:50 CPH:SA were weighed
and added to PBS (pH 7.4) at a stock concentration of 10mg/ml.
The nanospheres were briefly sonicated on ice for a total process
time of 1 min alternating 10 sec pulse ON, 15 sec Pulse OFF.
Nanospheres (100 µg) were added to cell culture medium
(0.5 ml/well), briefly mixed by pipetting before cultures were
returned to the incubator (37°C, 5%CO2). In order to evaluate
phagocytic processes, the nanospheres were co-incubated with
the THP-1 cells for 30 min. Cultures were washed and the cells
were placed back in the incubator for 2 h prior to analysis. In

Fig. 1. Chemical structure of a random CPH:SA copolymer.
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order to evaluate endocytic processes, the nanospheres were
co-incubated with the THP-1 cells for 6 h. Cultures were
washed and the cells were placed back in the incubator for 48 h
prior to analysis.

Fluorescence Microscopy Techniques

To observe time-dependent interactions of individual
monocytes with nanospheres, cell monolayers incubated with
nanospheres at indicated times were fixed with 4% para-
formaldehyde (PFA) for 10 min at room temperature, and
then washed with PBS. Acidic vesicles and lipid rafts in cell
monolayers were labeled by incubating cells for 20 min prior
to fixation with either Lysotracker at 1/2,000 dilution (DND-
99)(acidic vesicles) or Alexa555 conjugated Cholera Toxin β-
subunit (CTx) at 1/150 dilution (lipid rafts) (Molecular
Probes-Invitrogen, Carlsbad, CA). Intracellular structures
were immunofluorescently stained by incubating fixed cover-
slips with primary and secondary antibodies in PBS contain-
ing albumin and 0.1% saponin (BSP) (35). Stained coverslips
were washed and mounted on glass slides (Pro-Long w/ Dapi;
Molecular Probes-Invitrogen). Epifluorescence and immuno-
fluorescence microscopy was performed using either an
Olympus IX-61 inverted microscope equipped with blue,
green, and red filter sets with a cooled CCD camera or by
an inverted Leica NTS laser scanning confocal microscopy
(LSCM). The LSCM is equipped with ApoChromatic ×63 oil
and ×100 oil objectives and UV, Argon, Krypton and HeNe
laser lines equipped with three photomultiplier detection
tubes. Optimal step size for Z-stack image data was deter-
mined empirically from pilot studies to be 0.3 µm (data not
shown). Co-localization analysis, relative nanosphere uptake
comparisons, and final images were prepared using Image J
v1.36b image analysis software loaded with particle counting
algorithms (36).

Eα–RFP Antigen Preparation and Cellular Internalization
by Monocytes

The IPTG inducible Eα–RFP expression construct was a
kind gift from Dr. Marc Jenkins (Department of Microbiology,
Center for Immunology, University of Minnesota Medical
School (37) and introduced into Escherichia coli DH5α by
heat shock followed by selecting 50 mg/ml ampicillin-resistant
colonies. Broth cultures of transformed bacteria were induced
by the addition of IPTG to overnight cultures. Crude cell
lysates prepared using the Novagen Bugbuster extraction
reagent (Gibbstown, NJ) were passed through a Profinity

IMAC Ni-charged resin (BioRad; Hercules, CA). Imidazole
eluted Eα–RFP protein was dialyzed overnight at 4°C and final
preparations were shown to be free of detectable LPS
contamination by the limulus ameobocyte lysate (LAL) assay
(Cambrex; Walkersville, MD, USA). Fluorescence signal
intensity of internalized protein was detected using standard
epi-fluorescence microscopy employing TRITC/rhodamine
filter set with 510–560 nm excitation and 575–645 emission.
Image black levels for the RFP protein were set using cells not
incubated with RFP. Exposure times for RFP detection were
kept constant throughout the experimental groups to facilitate
accurate comparative analysis. Bar graphs of the relative pixel
intensity of internalized RFP were calculated from RAW-RFP
images using the ImageJ/plugin/histogram function. These bar
graphs reveal the relative pixel intensity of the RFP protein
detected in the presence and absence of nanospheres.

RESULTS AND DISCUSSION

Nanosphere Characterization

Scanning electron photomicrographs of the FITC-dextran
loaded nanospheres of varying formulations are presented in
Fig. 2. The photomicrographs show that the nanoparticles appear
circular, and while there are some small variations, the nano-
spheres appear to be relatively uniform in size and shape. Light
scattering size distribution data show nanosphere diameters for
all polymers fall between 200 and 800 nm.

Every batch of nanospheres was analyzed by light scatter-
ing and particle size was measured using duplicate samples. For
each chemistry, the data from three different lots of nanospheres
were analyzed in this manner and the compiled data are shown
in Table I. The standard deviations were determined for the
overall accumulated size distribution data for each polymer.

Analysis shows that there is no statistically significant
difference in average particle size among the different
polymer formulations (p=0.13). This data demonstrates that
polyanhydride nanospheres fabricated by the PAN method
can be reproducibly prepared with similar morphology and
particle diameters regardless of copolymer chemistry. Having
particles of similar size is important in limiting the variables
that are introduced into in vitro and in vivo experiments,
especially when evaluating a chemistry effect. While not
statistically significant, there was a slight trend for a positive
correlation between particle size and CPH content. The
thermodynamic and kinetic balance between nucleation and
growth dictates the resulting average particle size. The
soluble material must nucleate particles and then more

Fig. 2. Scanning electron photomicrographs of a poly(SA) nanospheres, b 20:80 CPH:SA nanospheres and c 50:50 CPH:SA nanospheres.
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material can either precipitate on the surface of these already
formed particles or new particles can be nucleated (38).
Copolymers with a higher SA content are less hydrophobic
and more non-polar than those with a higher CPH content.
When precipitating from a polar solvent into an aliphatic anti-
solvent bath, copolymers with a higher SA content may more
easily nucleate new particles. If nucleation is favored, it would
cause more particles to be formed with a smaller average
particle size.

Cellular Interactions of Nanospheres with Human Monocytes

To determine whether or not polymer chemistry affects
nanoparticle internalization and intracellular deposition with-
in APCs, adherent human THP-1 monocytes were incubated
separately with poly(SA), 20:80 CPH:SA, or 50:50 CPH:SA
nanospheres. LSCM was utilized to evaluate and compare the
interactions of nanospheres with cells and their eventual
intracellular localization.

Internalization

Nanospheres introduced into cell culture medium did not
form large aggregates and remained uniformly dispersed prior
to settling at the bottom of the tissue culture well during co-
incubation with the THP-1 cells. The nanospheres were then
rapidly internalized by THP-1 monocytes via cellular events
consistent with phagocytosis (Fig. 3). Observations supporting
this conclusion include: centrifugation-independent internaliza-

50:50 CPH:SA

20:80 CPH:SA

poly(SA)

Lipid Rafts 
+ Nanospheres 

Co-localized 
Pixels 

Fig. 3. Confocal photomicrographs of FITC-labeled polyanhydride nanospheres internal-
ized by THP-1 cells. Adherent monocytes were incubated with nanospheres for 30 min
before cultures were washed and continued to incubate for an additional 2 h. Poly(SA)
and 20:80 CPH:SA nanoparticles were internalized to a much greater extent than 50:50
CPH:SA nanospheres. The majority of internalized poly(SA) and 20:80 CPH:SA were
bound by cholesterol rich membranes as indicated by the high degree of co-localization
(yellow). Representative images were captured by LSCM. Lipid rafts (red) were identified
using Alexa 555 CTx (Molecular Probes). Scale bar=5 μm.

Table I. Particle Size Data Compiled from Light Scattering Measure-
ments (n=3)

Polymer Average Particle Diameter (nm)

poly SA 283±45
20:80 CPH:SA 348±48
50:50 CPH:SA 397±121

Data reported as mean±SD
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tion, temperature-dependent internalization, and internaliza-
tion in the absence of an overabundance of extracellular
particles. Confocal photomicrographs in Fig. 3 depict mono-
cytes that have internalized nanospheres and values presented
in Table II indicate the percentage of THP-1 cells per field of
view that have cell associated nanospheres at 2 or 48 h post
exposure. Cells were imaged at 1000× total magnification and
the average number of cells in each Field of View (FOV) was
25. FOVs were randomly selected and the numbers of THP-1
cells with FITC-loaded polyanhydride nanospheres or without

nanospheres were recorded. The percentages and standard
deviations of THP-1 cells positive for nanospheres were
calculated from values for ≥5 FOV images for each nano-
sphere chemistry and time point (cells with FITC-nanospheres/
total # cells scored). The total cells scored positively for clear
association with FITC nanospheres were combined from data
collected over three to five independent experiments. The data
in Table II indicate that in the experiments designed to
evaluate phagocytosis where the exposure to nanospheres
was 30 min, the least hydrophobic polymers (i.e., poly(SA))

Table II. Association of Polyanhydride Nanospheres with THP-1 Cells Varies Depending on Polymer Chemistry

Polymer

Percent monocytes with internalized nanospheresa

2 h (phagocytosis) 48 h (phagocytosis and endocytosis)

Poly(SA) 87.9%±17.1% 96.3%±11.7%
20:80 CPH:SA 27.1%±14.8% 91.2%±22.2%
50:50 CPH:SA 8.1%±10.6% 53.1%±28.3

aAverage percent nanospheres positive monocytes calculated per ×100 field of view image

20:80 
CPH:SA 

poly(SA)

50:50 
CPH:SA 

Lipid Rafts + 
Nanospheres 

Co-localized 
Pixels 

Acidic Vesicles + 
Nanospheres 

Co-localized 
Pixels 

Fig. 4. Confocal images of the intracellular localization of FITC-nanospheres in THP-1 cells 48 h after uptake. Representative images were captured
by LSCM and processed using ImageJ. The majority of internalized poly(SA) and 20:80 CPH:SA nanospheres were bound by cholesterol rich
membranes as indicated by the high degree of co-localization (yellow). Acidic vesicles (two left columns) were identified using the pH responsive
Lysotracker dye (red) and cholesterol rich lipid rafts (two right columns) were visualized using Alexa 555 conjugated CTx (red, Molecular Probes).
Note the general absence of FITC 50:50 CPH:SA nanospheres compared to 20:80 CPH:SA and poly(SA). Scale bar=5 μm.
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were more rapidly internalized than the more hydrophobic
(i.e., CPH-containing) polymers (Fig. 3). In contrast, the 48 h
co-localization experiments employ a longer exposure time of
nanospheres with cells lasting 6 h. In these experiments, where
endocytosis plus the initial phagocytosis would contribute to
total nanosphere uptake, it was observed that ∼96% of the
THP-1 cells contained poly(SA) nanospheres, while the uptake
of 20:80 CPH:SA and 50:50 CPH:SA was ∼91% and ∼53%,
respectively. These results indicate that the chemistry of the
polyanhydride nanospheres affects the uptake efficiency of
these nanospheres by monocytes. Unlike CPH-containing
nanospheres, poly(SA) nanospheres were more efficiently
internalized by phagocytic processes (30 min exposure to cells)
and did not require the extended time (6 h) associated with
endocytic processes. The more hydrophobic nanospheres (i.e.,
CPH-rich) were not internalized by phagocytic pathways
(∼8%). However, with time, all the formulations were
internalized; but, 50:50 CPH:SA nanospheres were internalized
to a lesser extent (∼53%, Table II). Overall, monocyte uptake
of polyanhydride nanospheres correlated with decreasing
hydrophobicity (poly(SA) > 20:80 CPH:SA > 50:50 CPH:SA).

The degree of hydrophobicity may indeed be an
important factor influencing nanosphere uptake. The hydro-
phobic nature of these particles may facilitate their interac-
tion with hydrophobic lipid-rich micro-domains in the cell
membrane, including lipid rafts. Lipid rafts contain many
membrane-bound cofactors that comprise receptor com-
plexes, such as receptors for complement, antibodies, and
serum and extracellular matrix proteins (39–41). In contrast
with phagocytosis, increasing polymer hydrophobicity may
facilitate closer nanosphere-to-cell interactions and increase
the probability of internalization through constitutive endo-
cytic or macropinocytotic pathways. These hydrophobic
interactions facilitate nanosphere internalization by direct
association with surface receptors or through direct interac-
tions with the plasma membrane. Pattern recognition recep-
tors (PRRs) are another key receptor type found in lipid rafts
of APCs. PRRs recognize pathogen-associated molecular
patterns (PAMPs), which are repetitive patterns of molecular
structure found in both microorganisms and the mammalian
host. Examples of PAMPs include lipopolysaccharide and
flagellin from bacteria as well as hyaluronan and uric acid
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Fig. 5. Enhanced uptake of soluble Eα-RFP (red) antigen by monocytes (nuclei blue) after co-incubation with polyanhydride nanospheres for
2 h. Data demonstrated that the poly(SA) nanospheres enhanced antigen internalization more readily than did 20:80 CPH:SA followed by
50:50 CPH:SA. Representative epifluorescent images were captured and processed using identical exposure and ImageJ settings. Adjacent bar
graphs summarize the average amount of RFP detected per cell. Pixel areas within each image correspond to relative intensity of RFP signal
detected inside cells. Values from three randomly selected fields of view were used to calculate averages and SD. Scale bar=5 μm.
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from mammals. All of these PAMPs signal “danger” to the
host, be it in the context of infection or cellular damage.
Hydrophobic characteristics have been ascribed to many
PAMPs and are thought to be partly responsible for their
immunostimulatory properties (42). In the context of the
polyanhydride co-polymers, surface patterns of intervening
hydrophobic moieties (e.g., CPH and SA, Fig. 1) may mimic
PAMPs, facilitate interactions with PRRs present on the
surface of APCs and subsequently enhance the ability of
APCs to activate T cells (43, 44). Internalization and co-
localization of antigen-loaded nanospheres within the endo-
cytic pathway may, in part, explain the adjuvanticity of
polyanhydride nanospheres (22).

Intracellular Localization

In general, intracellular degradation and processing of
exogenously presented antigen occurs when lysosomes fuse
with late endosomes containing antigen. In contrast, endog-
enous antigen is processed within the cytosol by the
proteosome (45). As a result, antigen fate (i.e., MHC I vs
MHC II presentation) is largely decided by intracellular
location. Given the variable surface chemistry presented by
the different polyanhydrides, we compared the intracellular
distribution of nanospheres 48 h after uptake. The majority of
particles were found to be intact and located within mem-
brane bound vesicles that were characterized as acidic and
CTx+ (Fig. 4). In these photomicrographs, the FITC-dextran
containing nanospheres appear green, the acidic vesicles are
red (Lysotracker), and co-localized nanospheres within acidic
vesicles appear yellow. The data indicates that all the
polyanhydride chemistries studied resulted in localization of
the nanospheres into the acidic phagolysosomal compartments
of the cells.

The majority of these particles were rapidly targeted to
the endosomal pathway, and localized within vesicles exhibit-
ing staining characteristics and morphology consistent with
MHC class II loading compartments (46). Interestingly, at
48 h, ∼10% of the poly(SA) and 20:80 CPH:SA nanospheres
did not appear to be located within acidic or lipid raft
containing vesicles (Fig. 4). A lack of localization within
either of these major intracellular compartments is consistent
with nanospheres that are free within the cellular cytosol.
Release of antigen from nanospheres located within the
cellular cytosol would be processed and directed to the
MHC class I presentation pathway (45). However, the data
presented in Figs. 3 and 4 would only suggest that small
amounts of nanospheres can reach the cytosol and that
further experiments are warranted.

Antigen Internalization

As previously discussed, polyanhydride nanospheres
serve as antigen delivery platforms to APCs. Nanosphere-
encapsulated immunogens would be released intracellularly
following internalization and slow polymer degradation (8).
However, some nanospheres may release antigen prior to
uptake, providing a source of soluble antigen delivered to
APCs via endocytosis. To evaluate the ability of nanospheres
to stimulate soluble antigen internalization by APCs, the
THP-1 cells were co-incubated with blank nanospheres (poly

(SA), 20:80 CPH:SA, or 50:50 CPH:SA) and soluble Eα–RFP
(37), fixed, and visualized by epifluorescence microscopy.
Representative photomicrographs and bar graphs summarizing
cell associated RFP data are provided in Fig. 5. Comparisons
among the three chemistries reveal that after 2 h of co-
incubation, all three chemistries dramatically increased the
amount of soluble antigen internalized by monocytes. A
potential mechanism for the increase in uptake stimulated by
the nanospheres is that the protein itself is able to adsorb on
the surface of nanospheres that are then subsequently inter-
nalized by the APC. However, preliminary experiments failed
to detect soluble RFP adsorbing onto FITC-labeled nano-
spheres (data not shown) and culture conditions include ample
amounts of serum proteins present in the 10% fetal bovine
serum supplemented medium. Moreover, the dramatic increase
in the uptake of soluble RFP was also detected for 50:50 CPH:
SA even though these particles serve as poor targets for uptake
themselves (Table II, Figs. 3 and 4). This data demonstrates
that the chemistry of the polyanhydride nanospheres influences
the ability of APCs to internalize soluble antigen.

CONCLUSIONS

The unique cellular interactions elicited by polyanhy-
dride nanospheres are a function of the particles’ distinct
physical and chemical properties that modulate the persis-
tence and intracellular distribution of antigen. We observed
that polyanhydride nanospheres were internalized and dis-
tributed within human monocytes in a chemistry-dependent
manner. We also found that chemistry influences the ability of
nanospheres to enhance monocytic uptake of soluble antigen.
Together, this data highlights the importance of chemistry in
designing polyanhydride nanospheres as vaccine or drug
delivery vehicles intended for specific applications and/or
targeting desired intracellular locations.
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