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Project title:  SIS Modification with Hyaluronic Acid Nanoparticles
Work Accomplished
This project was designed to enhance the performance of porcine small intestinal submucosa (SIS) in promoting urinary bladder regeneration in the field of regenerative medicine.  Hyaluronic acid (HA)-poly (lactide-co-glycolide) acid (PLGA) nanoparticles (NPs) will be synthesized to stabilize the porous structure of SIS, to improve surface biocompatibility and to enhance performance in tissue regeneration.  Since the inception of the project on July 1, 2009, HA-PLGA NPs have been formulated, characterized, and embedded in SIS to study their effects in promoting endothelial cell growth.
Formulation and characterization of HA-PLGA NPs

PLGA NPs were synthesized using a double emulsion technique followed by modifications with polyethylene imine to produce cationic NPs.  The cationic PLGA NPs were used to conjugate different amounts of anionic HA by non-covalent electrostatic attractions.  The size, polydispersity index, zeta potential, and loading potential of the synthesized HA-PLGA NPs were characterized (Table 1).  Surface morphology of the NPs was tested using a JOEL-JSM-880 scanning electron microscope (SEM) (data not shown).

Quantification of HA release from PLGA NPs
To determine the release of HA from the PLGA NPs, 200 µl of the HA-PLGA NPs were incubated at 37 oC in phosphate buffered saline (PBS, pH 7.4) and quantified the amounts of HA released between 6 hours and 28 days using an ELISA-based quantitation assay.  The release rates ranging from 8.9% to 17.6% were observed throughout the experimental period.  There were no statistical differences in HA release among and between different time points.  By day 28, 81% of the loaded HA on the NPs had been released.
Endothelial cell proliferation assay

To evaluate endothelial cell response to HA, 600 µl of 1 mg/ml PLGA or HA-PLGA NPs were encased with 80 µl collagen type I, 80 µl 10 × PBS and 2 µl 1N NaOH.  A 50 µl aliquot of the NPs was delivered to each well of 96-well tissue culture plates.  Human microvascular endothelial cells (HMEC-1) suspended in 100 µl of growth medium were seeded at 1.0 ( 103 cells/well (day 0) and incubated at 37 ºC overnight for adherence (day 1).  Wells that did not receive cells were used as the baseline control.  HMEC-1 responded to 1:1 ratio of HA:PLGA with significantly elevated cell proliferation, a 7.6-fold increase in cell number, as compared to a 3.7-fold increase in PLGA NPs alone or lower HA:PLGA ratios at day 5 after cell seeding.  All groups reached the maximal cell growth on day 7 after cell seeding.

Endothelial cell growth on HA-PLGA-SIS

Commercial SIS and HA-PLGA NP-modified SIS (HA-PLGA-SIS) were prepared in 1.5 ml micro-centrifuge tubes.  Formulated PLGA and HA-PLGA NPs were placed onto the mucosal side of SIS at a concentration of 1 mg/ml and incubated on an orbital shaker overnight.  The NPs successfully fitted into the pores of SIS based on SEM images (data not shown).  HMEC-1 (5.0 ( 103 cells/cm2 in 1 ml growth medium) were seeded into the inserts; and cell-SIS membranes were harvested between days 3 and 7 after seeding.  Genomic DNA was isolated from these preparations to quantify endothelial growth on HA-PLGA-SIS.  The HA-PLGA-SIS with 1:1 ratio of HA:PLGA supported significantly elevated cell growth (8.7 x 104 cells) as compared to PLGA-SIS (6.2 x 104 cells) on day 7 following cell seeding.

Research Plans
Quantification of endothelial cell migration to HA-PLGA NPs
Endothelial cell migration may impact angiogenesis during the process of tissue regeneration.  Enhanced cell migration in vitro may be translated to accelerated wound healing and tissue regeneration in vivo.  Directional cell migration will be studied in HMEC-1 by culturing the cells with HA-PLGA NPs using an assay in modified Boyden chambers.

Induction of endothelial cell capillary formation
A monolayer of endothelial cells can invade the MatrigelTM basement membrane matrix (BD Biosciences) to form capillary-like structures.  The assay is attractive in the sense that one can rapidly demonstrate the presence or absence of capillary-like structures and therefore suggest the likelihood of HA-PLGA NPs in vivo vessel formation.  A serial ratios of HA and PLGA used to formulate NPs as illustrated in Table 1 will be mixed with MatrigelTM; and the NP-Matrigel mixtures will be delivered to each well of 24-well tissue culture plates followed by the addition of endothelial cells using our established procedures (1).  Images of capillary tube formation will be captured between 8 and 96 hours; and number of capillary tubes formed will be calculated mathematically (1).  Capability of the HA-PLGA NPs in promoting capability-like structures will be compared among different ratios of HA and PLGA.

Physical characterization of HA-PLGA-SIS

Physical characteristics including matrix thickness, tensile properties, and cyclical loading of HA-PLGA-SIS will be determined using our previous described procedures (2).  HA-PLGA-SIS will also be measured for their permeability to urea using a custom-built chamber (2).  These parameters are important for successful bladder regeneration.  We expect that HA-PLGA-stabilized SIS will not alter any of these characteristics as compared to SIS derived from distal sections small intestine.
Biocompability study of HA-PLGA-SIS
Biocompatility of HA-PLGA-SIS bioscaffold will be investigated in a rat bladder augmentation model.  Sprague-Dawley rats will be subjected to hemi-cystectomy to remove 45-50% of the bladder followed by anastomosis of a bladder patch of SIS or HA-PLGA-SIS.  Bladders will be excised after days 2, 7, 14, 28, and 56.  Tissue regeneration will be evaluated by standard hematoxylin and eosin staining.  Immunohistochemical staining will be used to quantify neutrophils, macrophages, eosinophils, and mast cells infiltration into the regenerating tissues (3).  Results will be compared between SIS and HA-PLGA-SIS augmented bladders.  We expect that HA-PLGA-SIS will not alter the profiles of immune cell infiltration as compared to SIS.
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Impact Statement
Surgical urinary bladder augmentation is a complex reconstructive procedure required for various bladder dysfunctions resulting from development defects as well as stroke, spinal injury, diabetic, or multiple sclerosis.  In addition, total bladder replacement is necessary for patients who are diagnosed with invasive bladder cancer undergoing total cystectomy.  The goal of bladder reconstruction is to restore bladder function and to avoid potential kidney failure.  The procedures involve harvest of tissue grafts (anastomosis) from a section of the small intestine (ileum), stomach, or other substitutes and attachment of the graft to the bladder to increase the size of the organ and to improve its ability to stretch.  Major complications of current procedures include stone formation due to metabolite imbalance from the grafts, perforation of the gastric segment, and potential cancer development.  The goal of the study is to determine whether NP-modified SIS can be used as a bioscaffold for bladder augmentation to enhance regeneration process.
Table 1. Characterization of HA-PLGA NPs


Sample�
HA (µg)�
PLGA (µg)�
Size (nm)�
Polydispersity�
Zeta Potential (mV)�
Loading Efficiency (%)�
�
PLGA NPs�
0�
100�
241.9 ± 8.4�
0.062 ± 0.005�
+ 34.67 ± 3.98�
N/A�
�
HA-PLGA NPs (0.2:1)�
20�
100�
436.8 ± 8.5�
0.160 ± 0.048�
+ 24.48 ± 2.08�
15.5�
�
HA-PLGA NPs (0.5:1)�
50�
100�
490.3 ± 6.2�
0.202 ± 0.012�
+ 19.43 ± 1.56�
20.4�
�
HA-PLGA NPs (1:1)�
100�
100�
517.3 ± 6.3�
0.177 ± 0.078�
+ 7.79 ± 0.63�
26.2�
�
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