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Abstract

Success of an immunotherapy for cancer often depends on the critical balance of T helper 1 (Th1)
and T helper 2 (Th2) responses driven by antigen presenting cells, specifically dendritic cells
(DCs). Thl-driven cytotoxic T cell (CTL) responses are key to eliminating tumor cells. It is well
established that CpG oligonucleotides (ODN), a widely studied Toll-like receptor 9 (TLR9)
agonist, used to enhance Th1 response, also induces high levels of the anti-inflammatory, Th2-
promoting cytokine I1L10, which could dampen the resulting Th1 response. Biomaterials-based
immunomodulatory strategies that can reduce 1L10 production while maintaining IL12 levels
during CpG delivery could further enhance the Th1/Th2 cytokine balance and improve anti-tumor
immune response. Here we report that dual-delivery of 1L10-silencing siRNA along with CpG
ODN to the same DCs using pathogen-mimicking microparticles (PMPs), significantly enhances
their Th1/Th2 cytokine ratio through concurrent inhibition of CpG-induced IL10 production. Co-
delivery of poly(I:C), a TLR3 agonist had only minor effects on IL10 levels. Further, simultaneous
immunotherapy with CpG ODN and 1L10 siRNA enhanced immune protection of an idiotype
DNA vaccine in a prophylactic murine model of B cell lymphoma whereas co-delivery of
poly(1:C) and CpG did not enhance protection. These results suggest that PMPs can be used to
precisely modulate TLR ligand-mediated immune-stimulation in DCs, through co-delivery of
cytokine-silencing siRNAs and thereby boost antitumor immunity.
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Introduction

Since their first identification almost 40 years ago [1], dendritic cells (DCs) have emerged as
one of the most important professional antigen presenting cells (APCs) bridging the two
indispensable arms of the immune system i.e. innate and adaptive immunity [2, 3]. DCs play
a central role in a series of immunological events during infection, immunization, and
immunotherapies that eventually lead to adaptive T and B cell-mediated immunity. These
include (a) migration of immature DCs to the site of infection (or antigen source) and
sensing the pathogen or pathogen associated molecular patterns (PAMPS) using various
receptors (pathogen recognition receptors, PRRs, e.qg. toll-like receptors (TLRS)) [4], (b)
antigen uptake, activation and maturation of the migrated DCs resulting in surface
expression of co-stimulatory molecules and release of cytokines, and (c) migration of mature
DCs to local lymph nodes, and antigen presentation to naive T cells. Depending on the
activation stimuli, cytokine profiles, maturation status, and antigen presentation mode (via
MHCI or MHCII), DCs can drive naive T cells to differentiate into various helper T cell
phenotypes, namely T helper 1 (Thl), T helper 2 (Th2), T helper 17 (Th17), T follicular
helper (Tfh), T regulatory (Treg) or cytotoxic T cells (CTLs) [5]. This unique ability to
control specific types of cellular immune responses as well as the strength of those immune
responses, makes DCs a prime target for ex vivo or in vivo manipulation (i.e.
immunomodulation) to stimulate therapeutic immunity, especially against cancers [5] where
Th1-type immune responses leading to tumor-specific CTLs are needed [6, 7].

With the discovery of TLRs and their specific agonists [8], it has been possible to enhance
and modulate both innate and adaptive immunity against many diseases, including cancer,
by simply using synthetic TLR ligands instead of whole pathogen/pathogen derived
molecules. Specifically, unmethylated cytosine-phosphate-guanosine oligodeoxynucleotides
(CpG ODN), a TLR9 agonist, and Poly (I:C), a synthetic double stranded RNA based TLR3
agonist, have been widely explored in cancer immunotherapy, either individually [9-12] or
in tandem, due to potentially synergistic Th1 polarizing effects [13—-15]. CpG ODN in
particular is currently used in clinical trials for treatment of different types of cancers as a
vaccine adjuvant or monotherapy [9, 10, 16, 17]. CpG ODN binds to TLR9 receptors on
endosomal membranes of DCs and activates them to secrete various cytokines. This leads to
DC maturation, increased expression of surface co-stimulatory and MHC molecules, and
enhanced antigen presentation to naive T cells. During these immunological cascades,
cytokines released by CpG-induced, activated DCs play a critical role to polarize the
immune response towards a specific T helper phenotype. Although CpG ODN is known to
stimulate DCs to secrete high amounts of Thl-specific cytokine IL12, a significant amount
of anti-inflammatory, immunosuppressive cytokine I1L10 is also simultaneously secreted [18,
19] (Fig. 1C). This autocrine 1L10 dampens the capacity of DCs to stimulate a stronger Thl
response [20]. IL10 is known to polarize immunity towards Th2 and help induce
immunosuppressive Treg cells [21] (Fig. 1C), which ultimately leads to a poor outcome in
cancer immunotherapy [22]. Silencing IL10 alone in DCs has been shown to enhance Thl
and CTL responses [23—-26]. On the other hand, a combination of CpG and Poly (I:C)
synergistically increases IL12 secretions of DCs and thus enhances the Th1 response and
antitumor immunity [13-15].
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We hypothesized that the Th1-specific immune-stimulatory effect of CpG ODN can be
further enhanced by modulating the IL12/IL10 and IFN-v/IL4 (Th1/Th2) cytokine balance in
DCs through concurrent inhibition (gene silencing) of CpG-induced 1L10 production during
immunotherapy. To evaluate this, we developed surface-functionalized, cationic
microparticles that can simultaneously present both antigen and PAMPs (e.g. TLR ligands)
to immature DCs, thereby mimicking the immunostimulatory and cytokine-modulating
properties of pathogens. These pathogen-mimicking particles (PMPs). were used to treat
mouse bone marrow-derived primary dendritic cells (BMDCs) with CpG ODN+IL10-
silencing siRNA or CpG ODN+Poly(l:C) with or without pDNA antigens. Effects of various
PMP formulations on BMDC maturation and Th1/Th2 cytokine profiles were studied. For
in-vivo studies PMPs were co-delivered with MIP3 alpha, a DC attracting chemokine, using
an in-situ forming “synthetic immune priming center (sIPC)”, previously developed and
characterized in our lab [25]. Specifically, PMPs carrying CpG ODN + IL10 siRNA +
pDNA antigen and CpG ODN + poly(l:C) + pDNA-antigen were evaluated to determine
how concurrent immune modulation through gene silencing or multiple TLR activation
enhance protective immunity of an idiotype pDNA vaccine in a mouse model of B cell
lymphoma.

2. Materials and Methods

All animal experiments were approved by The Institutional Animal Care and Use
Committees (IACUC) at The University of Texas at Austin (Austin, TX), The University of
Texas M. D. Anderson Cancer Center (Houston, TX) and Georgia Institute of Technology
(Atlanta, GA).

2.1 Materials

Acid end-capped PLGA RG502H (MW-11000) was purchased from Boehringer Ingelheim
(Evonik, Germany). Poly (vinyl alcohol) (MW 31,000) was purchased from Fluka (Sigma-
Aldrich, St. Louis, MO). Branched polyethyleneimine (PEI, MW 70,000) was obtained from
Polysciences (Warrington, PA). 1-Ethyl-3-(3 dimethylaminopropyl) carbodiimide
hydrochloride (EDC) and sulfo N hydroxysuccinimide (NHS) were purchased from Pierce
Biotechnology (Rockford, IL). Dextran (average MW 15,000-20,000), divinyl sulfone
(DVS; 97%, MW 118.15) and 3-mercaptopropionic acid (MW 106.14) were purchased from
Sigma—Aldrich (St. Louis, MO). Tetra-functional PEG-thiol (PEG-4-SH) was purchased
from Sunbio (Anyang City, South Korea). Dimethyl sulfoxide (DMSO), p-toluenesulfonic
acid (pTSA) and tetrahydrofuran (THF, HPLC grade) were from Thermo Fisher Scientific.
Vaccigrade phosphorothioated mouse CpG ODN 1826 (5'-
TCCATGACGTTCCTGACGTT-3') was purchased from Invivogen (San Diego, CA).
Mouse IL10 siRNA (SMART pool: ON-TARGET plus IL10 siRNA) was purchased from
Thermo Scientific Dharmacon (Pittsburg, PA). Vaccigrade Poly (1:C) was purchased from
Invivogen (Sandiego, CA) Plasmid DNA encoding MCP3sFv20 was developed in the Kwak
lab [27] and amplified by Aldevron (Fargo, ND).
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2.2 Synthesis of PLGA microparticles and their surface functionalization with PEI

PLGA microparticles were prepared using a water-oil-water double emulsion, solvent
evaporation method as reported earlier by our group [28, 29]. Briefly, 200 mg of PLGA
(RG502H, Evonik, Germany) was first dissolved in 7 ml dichloromethane (DCM) and
homogenized at 10,000 rpm speed for 2 minutes in the presence of 300 ul water. The
emulsion was then immediately added to 50 ml of 1% PVA (Sigma-Aldrich, St. Louis, MO)
and homogenized again for 2 minutes at 10,000 rpm and stirred for 3 hours for evaporation
of DCM. The microparticles were then collected by centrifugation and washed 3 times with
deionized water and lyophilized and stored at =20 °C until further use. Surface
functionalization of the synthesized PLGA microparticles was done by covalent conjugation
of branch PEI (MW 70,000, Polyscience, Warrington, PA) with the acid group on the
surface of PLGA microparticles using EDC/NHS chemistry as also reported earlier by our
group [28, 29]. The PEI functionalized particles were characterized for their size and zeta
potential using a Zetasizer Nano ZS instrument (Malvern, MA).

2.3 Surface loading of different nucleic acid based immunomodulatory molecules and
pDNA antigen onto PLGA-PEI microparticles

Different nucleic acid based immunomodulatory molecules such as CpG ODN 1826
(Invivogen, San Diego, CA), Poly (I:C) (Invivogen, San Diego, CA), IL10 siRNA (SMART
pool: ON-TARGET plus IL10 siRNA, Thermo Scientific Dharmacon, Pittsburg, PA) and
pDNA encoding MCP3sFv20 (developed in Kwak lab [27] and amplified by Aldevron,
Fargo, DD) were surface loaded onto the PLGA-PEI microparticles by electrostatic
interaction. PLGA-PEI particles at 5 mg/ml and different nucleic acids (individual or
together) at 60 pug/ml concentration (at 1.2% weight of the microparticle) were suspended in
phosphate buffer (10 mM, pH-6) in two separate DNase RNase free tubes. Then, the PLGA-
PEI solution was added drop-wise to the nucleic acid solution while vortexing and the
mixture was incubated on an end to over shaker overnight at 4°C. The particles surface
loaded with nucleic acids were collected by centrifugation and the supernatant was analyzed
for nucleic acid content at 260 nm wavelength using a NanoDrop 2000 UV-VIS
spectrophotometer (Thermo scientific, Wilmington, DE). The amount of nucleic acid present
in the supernatant was subtracted from the initially added amount to quantify the total
amount of surface loaded nucleic acid onto PLGA-PEI microparticles. At the 1.2% wt/wt
ratio, 100% surface loading of nucleic acid was achieved. To visualize surface loading of
CpG/siRNA on PLGA-PEI microparticles, FITC labeled CpG (CpG-FITC, Invivogen,
Sandiego, CA) or Cy3 labeled siRNA (siRNA-Cy3, Ambion, Austin, Texas) surface loaded
microparticles prepared as described above and imaged using a confocal microscope (Prairie
Technologies, WI, USA).

2.3 Bone marrow derived dendritic cell (BMDC) generation and culture
Murine BMDCs were generated from bone marrow progenitor cells of Balb/c mice (H-2d,
5-10 weeks old; Jackson Laboratories, Bar Harbor, ME) as described by Inaba et al. [30]
with some modifications. Briefly, bone marrow progenitor cells were isolated from tibias
and femurs of Balb/c mice and differentiated into BMDCs in RPMI 1640 Glutamax medium
(Invitrogen, Carlsbad, CA) supplemented with 10% FBS, 25 ng/ml mouse granulocyte—
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macrophage colony-stimulating factor (GM-CSF) and 25 ng/ml IL-4 (Peprotech, Rocky
Hill, NJ) for 6 days. On day 2 and 4, the medium was replaced with new medium containing
GMCSF and IL4. On day 6, loosely adherent immature DCs were harvested and used for
further in vitro experiments.

2.4 Uptake studies by flow cytometry and confocal microscopy

Uptake of soluble and PLGA-PEI microparticle loaded CpG and siRNA by BMDCs was
assessed by flow cytometry and confocal microcopy. For flow cytometry experiment,
immature 6-day-old BMDCs were plated at 5x10° cells/ml/well in a 24 well plate and
treated with various soluble or surface loaded samples having CpG-FITC and/or Cy-3
SiRNA (each at 1 ug/ml concentration). After 2 and 24 hrs of treatment, the BMDCs were
collected and washed with PBS and incubated first with CD16/CD32 Fc block (at 4°C for 10
minutes, eBioscience, San Diego, CA) and then with fluorescent anit-mouse CD11c-APC
antibody for 30 min at 4°C. Finally, the BMDCs were washed twice with fluorescent
activated cell sorting (FACS) buffer (PBS with 2% FBS) and analyzed using a BD Accuri
flow cytometer. CD11c+ cells were gated to quantify the uptake of CpG-FITC and/or Cy3-
SiRNA by BMDCs. The percentage and median fluorescent intensity (MFI) of CD11c+
BMDCs up-taking CpG-FITC and/or Cy-3 siRNA were compared across different groups.
For confocal microscopy, BMDCs (immature 6-day-old) were grown on poly-I-lysine coated
coverslips (BD BiocoatTM) in a 24 well plate and treated with either CpG-FITC loaded or
siRNA-Cy3 loaded (each at 1 ug/ml) PLGA-PEI microparticles for 24 hrs. Then, the
coverslips were washed twice with PBS and fixed with 4% paraformaldehyde solution and
imaged using a confocal microscope (Prairie Technologies, WI, USA).

2.5 Analysis of BMDC activation using flow cytometry

BMDC:s activation was evaluated by analyzing surface expression of different co-
stimulatory molecules like CD86, MHCII, CD80 and CD40. Six day old immature BMDCs
were plated at a density of 5x10° cells/ml/well in a 24 well plate and treated with different
samples (soluble or surface loaded onto PLGA-PEI microparticles) having CpG ODN 1826,
IL10 siRNA, Poly (I:C) and pDNA (MCP3sFv20) each at various concentration (1-2.5
ug/ml) for 48 hrs. Thereafter, the BMDCs were washed with PBS and harvested and
incubated with anti-mouse CD16/CD32 Fc block (at 4°C for 10 minutes) to prevent
nonspecific binding of antibodies. The BMDCs were stained with fluorescent anti-mouse
CD86, MHCII, CD80, CD4, CD11c antibodies for 30 minutes at 4°C and washed twice
FACS buffer and analyzed for surface expression of the co-stimulatory molecules in a BD
Accuri flow cytometer. The flow cytometer data was further analyzed with Flowjo software.
Percentage of CD11c+ cells and their median fluorescent intensity (MFI) was reported for
comparison of activation among treated and untreated groups.

2.6 Analysis of cytokine production by BMDCs using ELISA

Similar experiments as activation studies were set up to quantify cytokine in the culture
medium by enzyme-linked immune sorbent assay (ELISA). Briefly, after 48 hours of
incubation of BMDCs with different samples, the culture medium was collected and
quantities of 1L10, 1L12p70, 1L12p40 and TNF-alpha were measured using ELISA Ready-
Set-Gol! Kits (eBioscience, San Diego, CA).
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2.7 Analysis of cytokine gene expression of BMDCs using RT-PCR

Following 48 hrs of incubation of BMDCs with different samples as described above, the
BMDCs were washed thoroughly with PBS and total RNA was extracted using RNAeasy kit
(Qiagen, USA). Complementary DNA (cDNA) was synthesized from total RNA using the
SuperScript® Il First-Strand Synthesis System (Invitrogen, Carlsbad, CA), and real time g-
PCR was performed using? SYBR® green gPCR mastermix (Qiagen, USA) on an Applied
Biosystems® ViiA™ 7 Real-Time PCR System. Specific primers for mouse 110, 1L12p35,
IL12p40, and mouse B-actin (SABiosciences, USA) were used. B-actin was used as reference
gene. Relative target gene expression was calculated following 2(-A2CT) method [31] using
_AACT), where AACT = [CT (target gene)
— CT (reference gene)] of treatment — [CT (target gene) — CT (reference gene)] of control
and the CT (threshold cycles) is the PCR cycle at which first signal of reporter fluorescence
above a baseline signal is detected.

the formula: Target gene expression of sample:2(

2.8 Cytokine profile during allogenic MLR (mixed lymphocyte reaction) between BMDCs
and CD4+ T cells

An allogenic MLR between activated BMDCs from Balb/C and CD4+ naive T cells from
C57BL/6 mice was set up to quantify IFN-y (Th1 cytokine) and IL4 (Th2 cytokine) by
ELISA. Briefly, 6 day old BMDCs differentiated from Balb/c mice were first activated with
different samples for 48 hrs and then cultured in a 96 well plate at a 1:2 ratio with 2x10°
CD4+ naive T cells isolated from the spleen of C57BL/6 mice using CD4 MicroBeads with
MACS columns and MACS separators (Miltenyi Bioetch, Germany) in 200 ul culture
medium. After 96 hrs, the culture medium was analyzed for IFN-y (Th1) and IL4 (Th2)
cytokines using ELISA Ready-Set-Go! Kits (eBioscience, San Diego, CA).

2.9 Preparation of in-situ crosslinking hydrogel for immunization in vivo

In-situ crosslinkable hydrogels were prepared using the Michael type addition reaction
between dextran vinyl-sulfone (DextranVS) and tetra-thiolated polyethylyneglycol (PEG-4-
SH) as reported earlier by our group [32]. DextranVVS with degree of substitution 2 (DS2)
was synthesized by reacting dextran with vinyl sulfone and purified as reported earlier [32].
The degree of substitution was calculated from the number of vinylsulfone substituted per
100 anhydroglucosidic rings of dextran as determined by nuclear magnetic resonance
(NMR) spectroscopy [32]. To prepare the hydrogel, 10 % w/v DextranVS (DS2) and 10%
w/v PEG-4-SH were resuspended in 0.3 M triethanolammine (TEA) buffer (pH 7.8, 0.22 pm
membrane filtered) separately in two different tubes and sonicated briefly. MIP-3a (50 ng,
Peprotech, Rocky Hill, NJ), an immature DC attracting chemokine, was mixed with PEG-4-
SH solution and different surface loaded PLGA-PEI microparticle formulations were
suspended in DextranVS solution in tubes that were then kept on ice. Lastly, DextranVS and
PEG-4-SH solutions were mixed and loaded in a 2742 G syringe immediately and injected
in mice.

2.10 Immunization in an A20 B cell ymphoma mouse model

To evaluate the efficacy of different surface loaded PLGA-PEI microparticle formulations
for immune protection against lethal A20 tumor challenge, Balb/c mice (n=10-20 per group)
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were immunized 3 times with various formulations at 2 week intervals as reported by the
Kwak lab [33] and our group earlier [25, 29]. In situ crosslinking hydrogel containing
MIP-3a and various formulations were injected intramuscularly (quadriceps and anterior
tibialis muscles) with an equivalent dose of 100 pug of pDNA (MCP3sFv20 encoding), 50 ug
CpG ODN 1826, 50 ug I1L10 siRNA and 50 ug Poly (I:C). Naked pDNA encoding
MCP3sFv20 (100 ug), and TEA buffer and PBS (negative controls) were comparative
controls. Following 2 weeks of the final booster dose, the mice were challenged with 2x10°
(lethal dose) A20 murine B-cell lymphoma cells intraperitoneally (IP). Tumor development
and mice survival was followed till 80 days after tumor challenge. Median survival and
Kaplan-Meier curves were generated for comparative analysis of mice survival and a log
rank p test was done for statistical analysis using GraphPad Prism 6 software.

2.11 Statistical analysis

3. Results

An unpaired, two-tailed T test was used to compare between pairs of groups to establish
significant difference using GraphPad Prism 6 software. P < 0.05 (denoted *) and P<0.01
(denoted **) were considered to be significant.

The schematic shown in Fig. 1 illustrates the concept of delivering multiple nucleic acid
based immunomodulatory molecules to DCs, thereby modifying their cytokine milieu and
switching the immunological balance robustly towards a Thl phenotype. A cationic PLGA
microparticle-based delivery system was fabricated by covalent conjugation of surface
available acid groups of PLGA with amine groups of a branched cationic polymer, PEI
using NHS/EDC chemistry (Fig. 1A). Various nucleic acid based anionic
immunomodulatory molecules e.g. CpG ODN 1826, IL10 siRNA, poly (I:C), and pDNA
based antigen can be loaded on the surface on the cationic PLGA-PEI microparticles via
electrostatic interaction (Fig. 1B). We hypothesized, that when CpG and IL10 siRNA are
simultaneously delivered to DCs, CpG induced IL10 production from DCs will be
minimized due to simultaneous silencing of IL10 production resulting in an overall increase
in the Th1/Th2 cytokine balance (Fig. 1D), which would enhance efficacy of cancer
vaccines.

3.1 Preparation and characterization of cationic PLGA-PEI microparticles and optimization
of surface loading of CpG, siRNA and pDNA

PLGA microparticles with a slightly negative zeta potential (=7 mV) were prepared by a
water-oil-water emulsion method using acid capped PLGA polymer (RG502H resomer from
Evonik, Germany). Covalent conjugation of branched PEI (MW 70,000) to the surface
available acid group of PLGA microparticles using EDC/NHS chemistry resulted in cationic
PLGA-PEI microparticles with an average diameter of 1.18 + 0.28 um and an average zeta
potential of 34.13+3.85 mV (see Table-1). These cationic microparticles were used for
surface loading of CpG, IL10 siRNA, Poly (I:C) and pDNA antigen individually, dual or
triple components together using a phosphate buffer at pH-6 showing best loading
efficiency. With increasing wt % of nucleic acids to PLGA-PEI microparticles, a decrease in
loading efficiency was observed. Up to 1.2% of total nucleic acid feeding ratio to PLGA-
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PEI microparticles, 100% loading efficiency for each type of nucleic acids was observed.
Also, loading efficiency did not change when dual (CpG+IL10 siRNA or CpG+Poly (I:C))
or triple (CpG + 1L10 siRNA+pDNAor CpG+Poly (I:C)+pDNA) nucleic acids were surface
loaded onto PLGA-PEI microparticles at 1.2 wt% total nucleic acid ratio (see Table 1).
From confocal microscopic images (Fig. 2A, left panel), it was further confirmed that the
fluorescent CpG and siRNA could be efficiently surface loaded individually onto PLGA-PEI
microparticles.

3.2 Uptake of CpG and siRNA surface loaded PLGA-PEI microparticles by BMDCs

Fig. 2B and 2C show the uptake of fluorescent CpG and siRNA loaded microparticles by
BMDCs at 2 and 24 hr intervals respectively as determined by flow cytometry. After 2 hrs,
BMDCs show a significantly higher uptake for CpG, siRNA and dual (CpG and siRNA on
the same particles) loaded MP compared to their soluble counterpart both in terms of
percentage and median fluorescent intensity (MFI) of BMDCs. A similar trend in uptake
was observed for the 24 hr interval except that the percentage of BMDCs internalizing CpG
loaded MP (described as MP CpG in the graph) was slightly less than the soluble CpG
(described as sol CpG). However, MFI of BMDCs for MP CpG was significantly higher
than soluble CpG indicating a higher amount of uptake per cell. Interestingly, when soluble
CpG is mixed with soluble siRNA, the uptake efficiency decreases considerably compared
to CpG alone. From confocal micrographs (Fig 2A, right panel), fluorescent CpG and
SiRNA loaded MP can be seen within the BMDCs confirming their efficient uptake.

3.3 Activation and maturation studies of BMDCs

Activation and maturation of CD11c* gated BMDCs following treatment of different
formulations were evaluated by surface expression of different co-stimulatory molecules
using flow cytometry. As shown in Fig. 3A, D and E, various co-stimulatory surface
markers such as CD86, CD80, and CD40 were expressed at a significantly higher percentage
on BMDC:s for all the microparticle formulation treated groups as compared to untreated
(Control) and only microparticle (MP only) treated BMDCs. However, there was no
significant difference between soluble and microparticle formulated CpG and I1L10 siRNA
either in their individual or dual loaded forms (except for CpG and IL10 siRNA dual loaded
microparticle treated BMDCs showing significantly higher expression of CD80 compared to
the dual soluble group). When these molecules were triple loaded with pDNA encoding
MCP3sv20 on the microparticles, a significantly higher expression of CD86 (P<0.01) and
CD80 (P<0.01) was observed compared to the triple soluble group. Surface expression of
MHCII, an antigen-presenting molecule, was found to be higher for all the groups without
any major difference in terms of percentage of BMDCs among different formulation treated
and untreated groups. However, a significant increase in MFI of BMDCs was observed for
all the formulation containing soluble or microparticle loaded CpG as compared to untreated
or only microparticle treated groups. Also, all the formulation treated groups resulted in
significantly high dual CD86+MHCII+ BMDCs as compared to untreated and only
microparticle treated groups. Notably, the triple microparticle formulated group resulted in a
significantly (P<0.05) higher percentage of CD86+MHCII+ BMDCs compared to the triple
soluble groups. The positive control LPS showed a high level of expression for CD86, 80,
40 and MHCII in BMDCs.
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We also evaluated surface expression of co-stimulatory markers of BMDCs following
treatment of microparticle formulations comprising of CpG and Poly (I:C). From our in vitro
experiments, it was evident that although soluble Poly (I:C) at 1 ug/ml concentration
activated BMDCs significantly over untreated cells, secretion of 1L12p70 was not
significantly higher than untreated BMDCs (data not shown). However, at 2.5 ug/ml
concentration, significantly higher secretion of 1L12p70 (P<0.01) was observed as compared
to the untreated BMDCs (see Fig. 5). Hence, we report BMDC activation studies of Poly
(I:C) and CpG at 2.5 ug/ml concentration (1:1 CpG to poly(l:C) dose is maintained as in the
case for siRNA). As shown in supplementary Fig. 1, soluble CpG, soluble Poly (I:C), and
soluble CpG-Poly (I:C) dual at 2.5 ug/ml concentration showed a significantly higher
percentage of CD86+ and CD86+MCHII+ BMDCs as compared to the untreated one.
However, MP CpG and MP CpG-Poly (I:C) dual did not show significant differences in the
percentage of CD86+ and CD86+MCHII+ BMDCs as compared to their soluble counter
groups. MP- Poly (I:C) showed a significantly higher percentage of CD86+ and
CD86+MCHII+ BMDCs as compared to soluble Poly (1:C). We did not include a
microparticle loaded CpG-Poly (I:C)-pDNA triple group due to microparticle loading
limitations and dose constraint in vitro. To achieve the desired immunostimulatory
concentration of each of CpG, Poly (1:C), and pDNA, we had to use a very high dose of
microparticle, i.e. more than 500 ug of microparticle/500,000 BMDCs per well of a 24 well
plate.

3.4 Cytokine secretion profile of BMDCs

Various Thl (1L12p70, 1L12p40 and TNF-a) and Th2 (IL10) specific cytokines in the
BMDC culture supernatant were measured using ELISA after 48 hrs of treatment of
different formulations. As shown in Fig. 4A, BMDCs treated with soluble CpG secreted
high amounts of 1L10. However, when the CpG was loaded onto microparticles, the 1L10
amount was significantly (P<0.01) low. Moreover, when CpG was delivered along with
IL10 siRNA on the same microparticle (sample name: MP CpG-IL10 (dual)), the 1L10
secretion was significantly (P<0.01) decreased further to a minimal level. Also, when a
pDNA encoding A20 idiotype antigen was delivered along with CpG and IL10 siRNA on
microparticles (sample name: MP CpG-IL10-pDNA), IL10 secretion was minimal similar to
the MP CpG-1L10 group. The soluble form of CpG, IL10-siRNA, and pDNA when
delivered together did show, however, a significantly (P<0.01) higher secretion of 1L10 as
compared to their microparticle formulations. Untreated control BMDCs and only
microparticle treated BMDCs secreted a very low amount of IL10, underscoring the fact that
CpG itself induces IL10 production.

IL12p70 and 1L12p40 secretion profiles of BMDCs are shown in Fig. 4B and C. BMDCs
treated with MP CpG showed significantly (P<0.01) lower 1L12p70 secretion compared
with the sol CpG. A similar trend was observed for MP CpG-I1L10 (dual) loaded groups.
However, MP CpG-IL10-pDNA (triple) group showed significantly (P<0.05) higher
secretion of IL12p70 compared with the soluble triple group. 1L12p40 secretion was
relatively higher across all the formulation treated groups except for the MP CpG-1L10
(dual) group where a slight but significantly low (P<0.05) secretion of 1L12p40 was
observed. TNF-a secretion by BMDCs was also high for all the formulation treated groups

Biomaterials. Author manuscript; available in PMC 2016 February 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pradhan et al.

Page 10

with the MP CpG-1L10-pDNA showing the highest amount of secreted TNF-a among all
the groups.

Fig. 4E shows Th1/Th2 cytokine balance for BMDCs treated with various formulations. The
ratios of Th1/Th2 cytokine i.e. IL12p70/IL10 and 1L12p40/IL10 significantly increased
when CpG was delivered on microparticles along with IL10 siRNA and pDNA antigen as
dual or triple components surface loaded on the same microparticles. However, the ratios
were low and similar for all the groups treated with their soluble counterpart including CpG,
IL10 siRNA and pDNA antigen.

We also assessed cytokine profile of BMDCs treated with various formulations containing
CpG and Poly(l:C) each at 2.5 ug/ml concentration. As shown in Fig. 5A, sol CpG treated
BMDCs secreted a high level of I1L10 but its microparticle formulation (i.e. MP CpG)
significantly decreased the secretion of 1L10. However, IL10 secretion with MP CpG was
still significantly higher than untreated BMDCs. I1L10 secretion due to soluble Poly(l:C) was
similar to the control group. There were only minimal differences (though statistically, p <
0.05) in IL10 levels between sol CpG alone, and sol CpG- Poly(l:C) dual groups and
similarly between MP CpG and MP CpG-Poly(I:C) groups, indicating that Poly(l:C) does
not affect IL10 levels as much as co-delivery of IL10-silencing siRNA. On the other hand,
both sol CpG and Poly(I:C) at 2.5 ug/ml concentration significantly increased the IL12p70
level as compared to the control (Fig. 5B). Moreover, the sol CpG- Poly(I:C) dual group
showed slight increase in IL12p70 level over the control group. However, all the
microparticle formulated groups had significantly decreased 1L12p70 levels as compared to
their soluble counter groups. However, when the ratio of IL12p70/1L10 were compared (Fig.
5C), MP CpG and MP CpG- Poly(I:C) dual groups showed significant increases in the pro
vs. anti-inflammatory cytokine balance as compared to their soluble counter groups. But no
significant difference in the 1L12p70/IL10 ratio was observed between MP CpG and MP
CpG- Poly(I:C) groups.

3.5 Cytokine gene expression in BMDCs

Fig. 6 shows IL10, 1L12p35 and 1L12p40 gene expression in BMDCs 48hrs following
treatment of different formulations. As shown in Fig. 6A, soluble CpG triggered I1L10 gene
expression in BMDCs, which was about 18 fold higher as compared to the untreated control
BMDCs. When CpG was delivered on microparticles, IL10 gene expression did not vary
much compared with soluble CpG. However, the MP CpG-I1L10 (dual) group, which
delivered microparticle loaded with both CpG and 1L10 siRNA together, down regulated
IL10 gene expression by about 50% (P <0.01) compared to the MP CpG group. The MP
CpG-1L10-pDNA group also had lower IL10 gene expression as compared to its
corresponding soluble group, i.e. Sol CpG-1L10-pDNA (triple) (P=0.056) and MP CpG
group (P<0.01). Microparticle only treated group did not show any activation in IL10 gene
expression.

From Fig. 6B, it can be observed that soluble CpG up-regulated 1L12p35 gene expression in
BMDCs, which was significantly (P<0.01) increased further with its delivery on
microparticle. Similar differences in IL12p35 expression between soluble and microparticle
were observed for dual and triple combination of CpG with IL10 and pDNA antigen.

Biomaterials. Author manuscript; available in PMC 2016 February 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pradhan et al.

Page 11

However, no significant difference was observed between MP-CPG and MP-CpG-1L10
(dual) groups indicating that co-delivery of IL-10 silencing siRNA does not alter the
immune-stimulatory effect of CpG delivery. A similar trend was observed for IL12p40 gene
expression (Fig. 6 C) in BMDCs. When ratios of 1L12p35/IL10 and I1Lp40/IL10 were
compared (Fig. 6D), all the microparticle formulated groups resulted in a significantly
(P<0.01) higher ratio as compared to their soluble counterpart. Most importantly, the
Th1/Th2 cytokine ratio was significantly (P<0.01) enhanced when IL10 siRNA was
included along with CpG in microparticle formulation and was unaffected even after
inclusion of pDNA antigen in the formulation.

3.6 Cytokine profile of allogenic MLR

An allogenic MLR between BMDCs (Balb/C origin) and CD4+ T cells (C57BL/6) was set
up to evaluate the immunogenic potential of BMDCs activated with various formulations to
stimulate production of IFN-y and 1L4 cytokines by activated CD4+ T cells. As shown in
Fig. 7A and B, sol CpG treated groups caused significant increases in IFN-y production as
compared to the untreated control group. Simultaneously, both the sol CpG treated and
control groups showed higher 1L4 secretion. However, MP loaded CpG and/or IL10 siRNA
showed significantly low levels of both IFN-y and IL4 as compared to their soluble
counterparts. In contrast, the MP CpG-IL10-pDNA (triple) group had a comparable IFN-y
level to sol CpG containing groups but showed a very low IL4 level. When ratios of means
of IFN-y and IL4 (indicator of Th1/Th2 balance, Fig. 7C) were compared, all of the surface
loaded microparticle groups, i.e. MP CpG, MP CpG-IL10 (dual) and MP-CpG-IL10-pDNA
(triple), showed higher ratios as compared to their corresponding soluble single, dual or
triple groups. Moreover, MP-CpG-1L10 (dual) had a higher ratio than the MP CpG group.
The ratio is further markedly enhanced for the MP-CpG-IL10-pDNA (triple) group, which
showed the highest IFN-y/IL4 ratios among all groups.

3.7 Immune protection against A20 B lymphoma

Fig. 8 shows median survival and Kaplan-Meier curves for Balb/C mice prophylactically
immunized with various formulations and then challenged with a lethal dose of A20 B-cell
lymphoma. Immunization and tumor challenge schedules are shown in Fig 8a. As indicated
in Fig. 8B, median survival of controls (PBS/TEA buffer), naked pDNA, and various
formulation treated groups were within a range of 26-29 days except for MP-CpG-IL10
SiRNA-pDNA-hydrogel group where median survival was extended up to 39 days.
Similarly, from the Kaplan-Meier curves (Fig. 8C), it is evident that the MP-CpG-IL10
siRNA-pDNA-hydrogel group performed better than all other groups (P=0.06 c/w PBS,
P=0.22 c/w TEA buffer and P=0.0009 c/w MP-pDNA-hydrogel group), including the MP-
CpG-poly(l:C)-pDNA-hydrogel group in extending survival of mice against a lethal dose of
A20 B lymphoma.

4. Discussion

In recent years, cancer immunotherapy has gained much interest as monotherapy or as
combination therapy due to its long-term independent and complementary clinical benefit to
other standard modes of cancer treatments. A promising approach is to manipulate DCs to
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help improve efficacy of cancer vaccines [5]. In this study, our goal was to inhibit CpG-
induced production of IL10 by co-delivering IL10 siRNA to DCs and thereby switching
their IL12/IL10 (Th1/Th2) cytokine balance. Since both CpG and IL10 siRNA are highly
anionic, we synthesized cationic PLGA-PEI microparticles, to enable efficient surface
loading of CpG, IL10 siRNA and pDNA antigens, either individually or as dual or triple-
loaded components. On the other hand, intrigued by reported synergistic effects of Poly
(1:C) and CpG on dendritic cells [13-15], we also included Poly (1:C) in microparticle
loaded CpG formulations to see their effect on switching IL12/1L10 cytokine balance and
adjuvant effect on pDNA vaccine against B cell lymphoma. 100% loading efficiency was
achieved for CpG, 1L10 siRNA, Poly (I:C), and pDNA antigen individually or in their dual
or triple combinations at a total feed ratio of 1.2 wt% nucleic acids to PLGA-PEI particles.
These microparticles were able to rapidly deliver both CpG and IL10 siRNA into BMDCs
with significantly higher efficacy than their soluble forms. Expression of various activation
and maturation markers such as CD86, CD40, MHCII were up-regulated on BMDCs for all
the microparticle formulations having surface adsorbed CpG, and the degree of activation
and maturation were comparable to their soluble counterparts.

BMDC:s activated by soluble CpG secrete high amounts of Th1-promoting cytokines such as
IL12p70, IL12p40, and TNF-a. However, they also secrete high amounts of the Th2-
promoting cytokine 1L10 [11,12] thereby inhibiting their Th1/Th2 polarization. In cancer
immunotherapy, Thl cell-driven CTL generation that could lead to tumor cell Killing is
highly desirable [6, 7]. Thus strategies to reduce CpG-induced IL-10 production and
enhancing the Th1/Th2 polarization could be beneficial. Our data indicates that when IL10
siRNA and CpG were co-delivered on PLGA-PEI microparticles to BMDCs, IL-10
production was reduced by almost 8 fold compared to cells exposed to soluble CpG.
Although 1L12p70 and 1L12p40 secretions were also significantly decreased as compared to
the soluble CpG+ soluble IL10 siRNA group, the overall IL-12/1L-10 polarization
significantly improved. When the antigen was co-delivered using a triple-loaded
combination of CpG, IL10 siRNA and pDNA antigen (encoding the idiotype protein of A20
B cell lymphoma) on PLGA-PEI particles, IL12p70 (a bioactive heterodimer form of
IL12p40 and 1L12p35) and 1L12p40 secretion increased while IL10 secretion remained very
low resulting in a significant improvement of the IL12/1L10 ratio i.e. Th1/Th2 polarization.
The corresponding soluble groups had low IL12/IL10 ratios. Also, it is very interesting to
see that surface loading of CpG on microparticles alone skew the IL12/1L10 balance
significantly over soluble CpG by inhibiting IL10 secretion by BMDCs.

Further, from the cytokine gene expression profile, we saw that CpG induced IL10 gene
expression was significantly down regulated when CpG and IL10 siRNA were co-delivered
on microparticles. Surprisingly, 1L12p35 and 1L12p40 gene expressions were significantly
enhanced for microparticle formulations of CpG, CpG+1L10 and CpG+IL10+pDNA over
their corresponding soluble groups, in contrast to their protein counterparts like 1L12p70 or
IL12p40 levels. This lack of correlation would need further investigation. It would be
interesting to see the kinetics of cytokine gene expression and protein production by these
microparticle formulations in future studies. When we compared cytokine gene expression
ratios between 1L12p70 or IL12p40 (Th1) and IL10 (Th2), we observed that the Th1/Th2
cytokine balances were significantly enhanced due to down regulation of CpG induced 1L10

Biomaterials. Author manuscript; available in PMC 2016 February 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pradhan et al.

Page 13

gene in IL10 siRNA containing dual and triple loaded microparticle groups. This confirmed
that Th1/Th2 cytokine balance in dendritic cells could be efficiently enhanced both at
cytokine gene and protein levels by microparticle mediated delivery of CpG and 1L10
siRNA to dendritic cells.

In a parallel experiment, cytokine profile of the CpG and Poly (1:C) combination was
evaluated. In the in vitro experiments where a combination of CpG and IL10 siRNA was
used, we used a concentration of 1 ug/ml of each, and at this concentration both CpG and
IL10 siRNA were active in modulating the balance of 1L10 and IL12p70. But, at 1 ug/ml
concentration, the IL12p70 level due to Poly (I:C) activation of BMDCs was similar to the
control group. In order to obtain a significant increase in IL12p70 secretion by BMDCs over
the control group, a concentration of 2.5 ug/ml of Poly (1:C) was used. Also, to match 1:1
(wt/wt) in vivo dose ratio of CpG and Poly (I:C), we used CpG at 2.5 ug/ml as well for in
vitro experiment. As reported in literature [13-15], we also observed an increase in the level
of 1L12p70 secretion due to the combined effect of CpG and Poly (I:C) in their soluble and
microparticulate forms. However, the increase in 1L12p70 levels due to soluble or MP
loaded CpG and Poly (I:C) combination were not significantly higher than the soluble or MP
loaded CpG only. On the other hand, Poly (I:C) did not show any effect on IL10 secretion,
and the addition of Poly (I:C) to CpG did not have any prominent effect on switching CpG
induced IL10 level in BMDCs. When 1L12p70/IL10 ratios were compared between MP
CpG and MP CpG+Poly (I:C) dual groups, only a nonsignificant increase was observed. In
contrast, the 1L12p70/I1L10 ratio was increased significantly (P<0.01) when CpG was
combined with IL10 siRNA in their surface loaded microparticle formulation. Thus, our in
vitro results confirmed that co delivery of IL10 siRNA with CpG on microparticles could be
a better strategy to switch 1L12p70 or IL12p40/1L10 (Th1/Th2 cytokine) balance than co-
delivery of TLR-3 agonists with CpG on microparticles to dendritic cells.

Further, the cytokine profile of allogenic MLR between microparticle-treated BMDCs and
CDA4+ T cells indicated that I1L4 secretion by CD4+ T cells was almost completely inhibited
when IL10-siRNA was co delivered with CpG and/or pDNA antigen on microparticle to
BMDCs. However, these groups also showed a significant decrease in IFN-y secretion.
Although the ratio of IFN-y/IL4 (Th1/Th2) was markedly improved in the microparticle-
formulated groups as compared to their corresponding soluble groups, overall decrease in
IFN-vy secretion might not provide adequate CTL generation. An increased IFN-y response
coupled with decreased IL4 would be an ideal cytokine profile for a maximum Thl
response. With the current PLGA-PEI microparticle system, co-delivery of surface loaded
CpG and 1L10 siRNA to DCs seems to primarily benefit IL10 inhibition. A more effective
system needs to maximize the Th1/Th2 balance by also increasing IL12p70 and IFN-y
production while silencing 1L10.

Lastly, we wanted to see whether co-delivery of CpG and IL10 siRNA or poly(l:C) along
with antigens on PLGA-PEI microparticles could significantly improve pDNA vaccine
efficacy in vivo. We chose a prophylactic pDNA-vaccine model for A20 murine B cell-
lymphoma. We have previously reported that a pPDNA-vaccine encoding for the idiotype
protein could provide moderate efficacy as a monotherapy against lethal challenge with A20
tumor cells [33]. We have also reported that a hydrogel-based, injectable synthetic immune-
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priming center (sIPC) that creates inflammatory/infection-mimicking microenvironment at
the site of immunization and slowly releases the chemokine MIP-3a, can attract and
efficiently deliver pathogen-mimicking microparticles to numerous immature DCs [32]. In
the current study, triple loaded microparticles (CpG+IL10 siRNA+idiotype pDNA)
delivered in sIPCs, outperformed other groups by - extending the median survival of mice to
39 days against lethal tumor challenge as compared to PBS/TEA buffer, naked pDNA and
other formulation groups where median survival was 26—29 days. Notably, 30% mice in the
MP-CpG-IL10 siRNA-hydrogel group were tumor free and alive even 80 days after lethal
tumor challenge as compared to only 10-15% tumor free mice in naked pDNA and MP-
CpG-Poly (I:C)-pDNA-hydrogel groups.. This result indicates that PLGA-PEI
microparticles surface loaded with CpG and IL10 siRNA were able to enhance immune
protection against B cell lymphoma better than naked pDNA antigen or CpG +Poly (I:C)
+pDNA antigen loaded microparticles groups. Although both CpG+IL10 siRNA and CpG
+poly(1:C) improves Th1/Th2 cytokine ratios in BMDCs, IL10-silencing appears to be more
effective strategy to boost protective anti-tumor immunity in-vivo. Although, CpG ODN and
IL10 siRNA loaded microparticles showed moderate immune protection and increase in
median survival against B lymphoma, admittedly the percentage of protected mice over the
long term was still low. This could be due to the immunosuppressive nature of the tumor
microenvironment with high levels of inhibitory immunomodulators e.g. IL10, transforming
growth factor - p (TGF-B), IDO etc. along with T cell inhibitors like programmed cell death
1 ligand 1 (PDL1) [34]. Future studies in immunotherapy of B cell lymphoma need to
address both enhancement of systemic immune response through peripheral immunization
while at the same time modulation of the tumor microenvironment to reduce its
immunosuppressive effects.

5. Conclusion

We have shown here that CpG induced IL10 secretion in DCs can be inhibited by co-
delivery of IL10 siRNA on cationic PLGA-PEI microparticles. This approach, especially
when combined with pDNA antigens delivered on the same particles, significantly enhances
the Th1/Th2 cytokine balance of DCs. Co-delivery of CpG and IL10 siRNA on
microparticles encapsulated in an in-situ crosslinking immune-priming center, showed better
immune protection of an idiotype DNA vaccine in a mouse model of B cell lymphoma
compared to microparticle formulations having no TLR agonists or those having CpG+Poly
(1:C)+pDNA antigen. Thus, siRNA-mediated silencing of CpG induced IL-10 production
could be an attractive strategy to improve anti-tumor immune response of TLR9 driven
immunotherapies.
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Fig. 1.
A) Reaction scheme showing surface functionalization of PLGA microparticle covalently

with a cationic polymer, PEI through EDC/NHS chemistry; B) Diagram showing surface

loading of various anionic nucleic acid based immunomodulatory molecules e.g., CpG, Poly

(I:C), siRNA, pDNA on cationic PLGA-PEI microparticles by electrostatic interaction; C)

Schematic illustrating binding of soluble CpG to TLR9 receptor of DCs leading to secretion

of both IL12 and IL10 cytokines, which may ultimately polarize to Thl due to IL12, and
Th2/Treg due to 1L10; D) Schematic showing the concept of co-delivery IL10 siRNA and
CpG molecules surface loaded on cationic PLGA microparticle to DCs to switch CpG
induced IL12/IL10 (Th1/Th2) cytokine balance by inhibiting 1L10 secretion by silencing
IL10 gene in DCs and ultimately resulting into an enhanced Th1 response.
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Fig. 2.
A) Confocal micrographs at the left panel showing surface loading of CpG-FITC/siRNA-

Cy3 on PLGA microparticles and at the right panel showing uptake of CpG-FITC/siRNA-
Cy3 surface loaded PLGA microparticles by BMDC. B) Uptake of CpG-FITC and/or
SiRNA-Cy3 by CD11c+ BMDC at 2 hrs, and C) 24 hrs intervals as determined by flow
cytometry; *P<0.05 and **P<0.01 when compared between the groups.
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Surface expression of activation and maturation markers in primary BMDCs. Bar graph
showing percentage and median fluorescent intensity (MFI) of CD11c+ BMDCs expressing
A) CD86, B) MHCII, C) both CD6 and MHCII, D) CD80 and E) CD40 following the
treatment with different formulations of CpG, IL10-siRNA and pDNA each at 1 ug/ml
concentration for 48hrs; *P<0.05 and **P<0.01 when compared between the groups.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Pradhan et al.

Page 20

A iL10 B IL12p70

- - - E
1000- _ = 2
= = .
- ™ £
2 8
. o
2 500 r - 5
o r 1 ~N
S 3
S 250 =
T}
==

T
Y
E L LSS
Fog V¥ & &
Cf S e N
¥y &S
o & KRS
R R W
> & NV N
® N &
R R
c ° D
1L12p40 TNF-a
15000 — 800 —
E NS £
5 NS )
E’ 10000- — e 600 NS NS
5 o
£ £ 400
S s000- 2
°
:'.' Iéf 200
o 0
> O O NN S NI
&L & B 2 & N D @ & »
SR Qo‘? & & & Qe° &° R R \b“"b \bo” &Q\ &Q\ &
AP R RO S R [PPSO R NS
NN S & Y o"“Y <>‘\‘>
(,Qo RIS C,QO PR
> & NV N > & NV N
£ N S & >
Ko Q(ﬂ KRR
&£ & & &
E Th1/Th2
[ IL12p70/IL10
W IL12p40AL10 —

1L12p70/IL10
oLovdzi

3O QGQ \bo \b"’ & &
< OB O‘y O‘R
(,Qc’ & S
S & & N
X R
& &

Fig. 4.

C)?tokine profile of BMDCs. Bar graph showing concentration of A) 1L10, B) IL12p70, C)
IL12p40, D) TNF-a in the culture supernatant of BMDCs after treatment with various
formulations of CpG, IL10, and pDNA each at 1 ug/ml concentration for 48hrs. E) Bar
graph showing ratio of Th1 cytokines, IL12p70 and 1L12p40 and Th2 cytokine IL10;
*P<0.05 and **P<0.01 when compared between the groups.
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Fig. 5.
Cytokine profile of BMDCs. Bar graph showing concentration of A) 1L10, and B) 1L12p70

in the culture supernatant of BMDCs after treatment with various formulations of CpG, and
Poly (I:C) each at 2.5 ug/ml concentration for 48hrs. C) Bar graph showing ratio of Thl
cytokine, IL12p70 and Th2 cytokine I1L10; *P<0.05 and **P<0.01 when compared between
the groups.
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Fig. 6.
Cytokine gene expression in BMDCs. Bar graph showi

\OQU QOQO \:\Q’Q V\@Q
L & & o
R R
® ¥

ng A) 1L10, B) 1L12p35 and C)

IL12p40 gene expression in BMDCs treated with different samples for 48hrs. D) Bar graph
showing ratio of Thl cytokine genes, 1L12p70 and 1L12p40 and Th2 cytokine gene I1L10;
*P<0.05 and **P<0.01 when compared between the groups.
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Fig. 7.

Cytokine profile of allogenic MLR. Bar Graph showing A) IFN-y and B) IL4 secretion in
culture supernatant after 96 hrs of an allogenic MLR between CD4+ T cells (C57BL/6
origin) and BMDCs (Balb/C origin) treated with different samples for 48 hrs. C) Bar graph
showing ratio of Thl cytokine, IFN-y and Th2 cytokine, I1L4; *P<0.05 and **P<0.01 when
compared between the groups.
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Fig. 8.
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Protection against A20 B-Lymphoma. A) Time line for prophylactic immunization and

tumor inoculation, B) Median survival table, and C) Kaplan-Meier survival curve for
immunized Balb/C mice with various formulations after lethal challenge of A20 B-

lymphoma cells (2 x10° cells/mice IP).
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Table 1

Characterization of PLGA-PEI microparticles
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Size

1.18 0.28 ym

Zeta potential

34.13+3.85 mV

Single loading (1.2 wt% nucleic acid to
particle ratio)

CpG/IL10-siRNA/Poly(1:C)/pDNA

12 ug/mg of microparticles (100%
loading)

Dual loading (1.2 wt% nucleic acid to
particle)

CpG + IL10-siRNA/CpG+Poly(l:C)

6+6 ug/mg of microparticles (100%
loading)

Triple loading (1.2 wt% nucleic acid to

particle ratio)

CpG +IL10-siRNA+pDNA/ CpG+Poly(l:C)+pDNA

4+4+4 ug/mg of microparticles (100%
loading)

Biomaterials. Author manuscript; available in PMC 2016 February 09.



