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LIST OF ABSTRACT PAPERS

1. Characterization of PLGA (poly-D-L-lactic-co-glycolic acid) Microparticle Uptake and

in vitro Inflammatory Responses (not submitted)

AIM: Microparticle generated from PLGA has been used for drug delivery due to their clinically
proven compatibility and currently there is little knowledge and understanding, of the relevant
length and time scales for microparticle-intracellular entry and localization within cells, and here
we investigated the uptake of microparticle ,and in vitro inflammatory response ,and optimize a
platform of vaccine delivery. METHODS: Microparticle using PLGA (poly D-L-lactide-co-
glycolide) polymer was prepared by via the solvent evaporation method and morphological
analysis, such as size and zeta potential was determined using Dynamic light scattering (DLS)
and scanning electron microscope (SEM). The uptake amount by cells was determined by flow
cytometry and fluorospectrophotometry and qualitative images was acquired by confocal
microscopy and proinflammatory cytokines was determined by ELISA. RESULTS: The size of
microparticle was ranging from 225-785nm with a smooth and spherical shape and possesses a
—15+2.12 mV zeta potential, which indicates the stability of the formulation. The internalization
of microparticle across the Raw 264, U937and MCF-7 cell for PLGA and PLGA-OVA
microparticle formulation and the study demonstrated that U937, RAW264 and MCF-7 cellular
uptake and transport of blank PLGA and PLGA with OVA is significantly affected by the dose,
size ,cell type and incubation time. The uptake of nanoparticle was rapid and confocal
microscopy demonstrating their localization mostly in the cytoplasm as well as on the surface of
the cells in the case of aggregated microparticles. There was a significant difference in the uptake
of PLGA among cell types (P<0.05) and the uptake reached a steady state after 4 hr.
Macrophages exposed to PLGA displayed a dose dependent TNF-a induction and synergetic
effect with LPS. The mitogenic of microparticles study demonstrated biocompatibility of
microparticles at all range of the concentration used with the cells and could be used for
localizing therapeutic agents into cell. Intracellular uptake micro/nanoparticles was observed to
be the highest in RAW 264.7 and U-937 cells, which are a specialized phagocytic cell lines and
the lowest in the MCF-7 cells. Results highlight the variability of uptake kinetics for the same
material in different cell types. CONCLUSION: The study demonstrated that uptake of

nanoparticles are dynamic and energy-dependent processes and a better understanding on the



mechanisms of cellular uptake, effect of nanoparticle formulation and composition as well as
size and characterization of intracellular distribution of nanoparticles would be useful in

exploring nanoparticles for intracellular delivery of therapeutic agents.

2. A novel formulation strategy, characterization, and in vitro evaluation of PLGA based
microparticle for protein subunit delivery (not submitted)

AIM: Interleukin-10 (IL-10) is an anti-inflammatory molecule that has achieved interest as a
therapeutic for infectious and autoimmune disease .Microparticle generated from PLGA has been
investigated for drug or vaccine delivery due to their clinically proven compatibility. Here we
explored a novel approach for making a single vaccine formulation and optimizes a platform in
invitro condition for delivering protein subunits for therapeutics purpose. METHODS:
Microparticle with 1L-10, coumarin-6 were formulated from poly D-L- lactide-co-glycolide
polymer by the solvent evaporation method. PLGA OVA was prepared by simply mixing OVA
with PLGA .Morphological analysis, size and zeta potential was determined using Dynamic light
scattering (DLS) and scanning electron microscope (SEM). The biocompatibility test, cell
cytotoxicty, OVA adsorption, IL-10/OVA kinetic release, functional and stability of protein and
uptake was performed using MTT, BCA assay, ELISA, flow cytometry
,fluorospectrophotometry and confocal microscopy. RESULTS: The size of microparticle was
ranging from 225-700nm with a smooth and spherical shape and possesses a —154+2.12 mV zeta
potential, which indicates the stability of the formulation. The microparticles displayed no
cytotoxicity and, a direct correlation of MP dose and TNF-a induction was observed .The IL-10
encapsulating efficiency was about 23% and 82% adsorption of OVA. A two-phase release
profile was observed for OVA and triphasic for IL-10. IL-10 release from PLGA complex
accounts 10% of protein released during initial burst, followed by 30% release after 4 weeks and
63% release after 2months. There was an initial 30% release of OVA to the medium and loss
stabilization to about 4% release. The IL-10 released was subjected to functional test and it
inhibits the expression of the inflammatory cytokine, indicating that the biological activity of the
IL-10 was preserved. The various range of OVA concentration tested for adsorption fitted with
the Langmuir model. The degradation studies demonstrated that loss of 20% mass in the 2nd
week followed by 53% loss during 7-9th week moreover, morphology of the PLGA was

collapsed after the 2nd week. Cellular uptake of microparticle depends on cell type, the time of



incubation and the concentration of microparticle in the medium. The uptake of nanoparticle was
rapid and their localization mostly in the cytoplasm and, few remains attached to the surface of
the cells. CONCLUSIONS: The microparticles were biocompatible and can be used to make a
single vaccine formulation and, slow release of drug can be overtime achieved. Uptake of
nanoparticle is a dynamic and energy-dependent process, and better understanding on the

mechanisms of cellular uptake would be useful for intracellular delivery of therapeutic agents.

3. Analysis of different biocompatible and biodegradable nanoparticle platforms for

vaccination use (to be submitted.)

Nanoparticles are promising materials for various biomedical applications, gene/drug delivery,
and autoimmunity/cancer treatment. To increase the effectiveness of NPs for delivery settings,
high capture efficiency, controlled uptake of the particles by cells are required. Here, we
evaluated the physicochemical properties, cellular toxicity, cellular internalization, and capacity
te-of several types of new NPs to induce TNF-a secretion in comparison with PLGA polymer,
approved by FDA for human use. Results showed the cytotoxicity of the nanoparticles was very
limited which indicate that NPs were biocompatible. Analysis of cell uptake showed that the
cellular uptake was proportional to the NP dose and time, and interestingly, SLN and BSSH-NS
showed less uptake compared to a-b-g CD nanosponges and PLGA particles, and internalized
particles were found mainly in the cytoplasm. Moreover, SLN and B-SH nanoparticles did not
provoke an inflammatory response in human PBMC at any of the concentrations tested,;
however, PLGA and a-b-g CD nanoparticles elicited a pronounced inflammatory response above
a threshold concentration of 600ug/mL, by demonstrating that inflammation in PBMC after
exposure to nanoparticles depends on the concentration and composition of the particles. These
data suggest that choice of the NP material can be crucial to modulate the vaccine capacity to

trigger and direct the immune response and analysis of a wider pattern of cytokines might better



define these features. Moreover, NPs relatively inactive from an immunological point of view
would be ideal to be loaded with mixtures of immunomodulatory selected to precisely direct the
immune response triggered by the vaccine.

4. Camptothecin in nanosponges as therapeutic nanodelivery agent in prostate cancer: in

vitro and in vivo evaluation (submitted and under review)

The use of the anti-tumor drug camptothecin (CPT) has been hampered by poor solubility and
high degradation rate. We have previously shown that CPT encapsulated in B-cyclodextrin-
nanosponges (CN-CPT) overcomes these disadvantages and ameliorates the CPT inhibitory
activity on the growth of the prostate tumor cell lines DU145, PC-3, and LNCaP in vitro. This
work extends those observations showing that CN-CPT also significantly inhibited adhesion and
migration of these tumor cell lines and their STAT3 phosphorylation. The anti-adhesive effect
was also exerted in human umbilical vein endothelial cells (HUVEC), in which CN-CPT also
inhibited the angiogenic activity detected by the tubulogenesis and the sprouting assays. Finally,
CN-CPT striking inhibited the PC-3 cell engraftment in SCID/beige mice in vivo without
apparent toxic effects. Taken together, these results support the use of [B-cyclodextrin
nanosponge nanotechnology to deliver anticancer drugs for the treatment of prostate cancers.

5. PLGA nanoparticles for “inverse vaccination” in Experimental Autoimmune
Encephalomyelitis (EAE) (Manuscript in Preparation)

Inverse or tolerogenic antigen-specific immunization induces regulatory/suppressive immune
functions to inhibit autoimmune responses. It can trigger a suppressive loop spreading to
epitopes, which is intriguing for MS where multiple autoantigens are involved. Initial
therapeutics trials used administration of purified myelin antigens in experimental autoimmune
encephalomyelitis (EAE), an animal model of Multiple Sclerosis (MS), however repeated
injections needed due to their rapid clearance. Alternate approach to overcome this drawback is
using DNA-based vaccines encoding for myelin autoantigens alone or in combination with
“adjuvant” molecules, such as IL-4 or IL-10, to support development of regulatory immune cells
. Recent phase | and Il clinical trials with MBP-based DNA vaccines showed positive results in
reducing MRI-measured disease activity and inducing tolerance to myelin antigens in MS

patients . However, DNA vaccination has potential risks limiting its use in humans. An



alternative approach could be use of protein vaccines released from polymeric biodegradable
lactic-glycolic acid (PLGA) particles (PLGA-NP), approved by FDA, to sustain release of
antigens and regulatory adjuvants for extended periods. PLGA-NP maintain effective
concentrations of the loaded protein for prolonged periods of times by trapping them in a
hydrated polymer-network that enable slow-release, by modulating the polymer lactide-glycolide
ratio, the molecular weight, and the crystal profile. Use of PLGA-NP per se can enhance
tolerance induction in some delivery setting, such as nasal vaccination. Recent report suggested
that intravenous infusion of either polystyrene or PLGA particles chemically coupled with an
encephalitogenic peptides can prevent and cure EAE. This strategy stemmed from previous
observations showing that autoantigenic peptides coupled to apoptotic leukocytes can induce
antigen-specific tolerance in models of autoimmune diseases, allergy, and transplantation by
inducing depletion and anergy of the antigen-specific lymphocytes.

Aim of this work was to develop protein-based tolerogenic PLGA-NP vaccines containing

myelin autoantingen (MOGsss5) and adjuvants to subcutaneously inverse vaccinate EAE

(Experimental Autoimmune Encephalomyelitis) mice. Nanoparticles were formulated from poly
D-L-lactide-co-glycolide polymer by solvent evaporation method. Morphological analysis such
as size and zeta potential were determined using Dynamic light scattering (DLS) and scanning
electron microscope (SEM). PLGA-NP shows a mean diameter of 591.7 nm with a smooth and
spherical shape and possesses a —15+2.12 mV zeta potential and did induce secretion of
proinflammatory cytokines (TNF-a) on PBMC as dose dependent manner. IL-10 and MOG
release from PLGA complex follows a triphasic and biphasic release profile respectively. The
riL-10 loaded-PLGA maintains its ability to inhibit TNF-a on PBMC, indicating the biological
activity of the IL-10 was preserved. Cellular internalization of NP was evaluated on Raw-264 ,
U-937 and MCF-7 cells using confocal laser scanning microscope and flow cytometry .The
study demonstrated that U937, RAW264 and MCF-7 cellular uptake and transport of PLGA is
significantly affected by the dose, size ,cell type and incubation time. The uptake of nanoparticle
was rapid and confocal microscopy demonstrating their localization mostly in the cytoplasm as
well as on the surface of the cells. Cells exposed to PLGA displayed a dose dependent TNF-a
induction and synergetic effect with LPS. The mitogenic of microparticles study demonstrated

biocompatibility of microparticles at all range of the concentration used with the cells and could



be used for localizing therapeutic agents into. Preliminary therapeutic and prophylactic

experiments showed that subcutaneous treatment with MOGg3s.s5- and rIL-10-loaded PLGA-NP

significantly inhibited development of EAE in C57/B6 mice without detectable toxic effects.

These data suggest that PLGA-NP-based inverse vaccination may be an effective tool to treat

autoimmune diseases.
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ONGOING TRAINING
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applications. High throughput cell/particle screening for discovery
CONGRESS

15" International congress of Immunology, Milan, Italy Aug 22-27, 2013.



