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Bone marrow stromal cells (BMSCs) have been shown to be a multipotent progenitor cell with broad differentiation capabilities.   In bladder regeneration, BMSCs have been shown to improve regeneration in several small animal models after being seeded onto bioscaffolds (1).   However, the underlying mechanisms of this regeneration have not been fully investigated.   Possibilities for the improved regeneration include in vivo differentiation of MSCs to cell types composing the bladder wall, or support of regeneration through the production of growth factors or chemokines.   This project was designed to determine whether MSCs survive following transplantation or undergo in vivo differentiation.  
BMSC Harvest, Culture, and Seeding on porcine intestinal submucosa (SIS)

Adult BMSCs were harvested from the femur and tibia of green fluorescence protein (GFP) transgenic Sprague-Dawley (SD) rats strain [SD-Tag(GFP)Bal].  The colleted cells were plated on four 60 mm tissue culture dishes in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS).  The BMSC cultures were incubated at 37° C for 48 hours for adherence, the floating hematopoetic cells were removed.   Cell culture media was changed every two days and cell passages were performed at approximately 90-95% confluence.   All adherent cells showed GFP expression.  We have found that BMSCs are relatively easy to isolate and replicate at a rapid rate.   At the third passage, cells were trypsinized, harvested, and seeded on SIS at the concentration of 1x106 cells/cm2 in DMEM plus 10% FBS.  The cell-composite SIS was incubated at 37° C for another 7 days, removed from the frame, and cut to the size of 1x1 cm2 for bladder augmentation in rats.  Sections of the SIS were fixed in 4% paraformaldehyde and stained with hematoxylin and eosin (H&E) as well as Masson’s trichrome.  Ingrowth of BMSCs in the SIS was demonstrated with fluorescence microscopy and these stains.

Bladder Augmentation

To perform bladder augmentation, adult female SD rats were anesthetized.  Following partial cystectomy to remove a 1 cm2 segment of the apical bladder, the 1 cm2 section of BMSC-composite SIS was sutured to the native bladder edges using 6-0 polyglactin 910 (Ethicon) in a water-tight fashion.  The four corners of the suture line were marked with 6-0 nylon (Ethicon) suture to locate the grafts.  Augmented bladders were harvested at 14, 28 and 56 days after augmentation.  
At harvest, the bladders are inflated with 4% paraformaldehyde and fixed for 16 hours, and then sectioned in half vertically.   One half of the bladder was embedded in optimal cutting temperature (O.C.T.) compound and frozen at -80° C.   Frozen sections were cut at 5 μm on a cryotome at -20 °C and mounted on charged microscope slides.  Frozen sections were visually inspected under a fluorescent microscope to determine the presence and location of GFP expressing cells.   Inspection of the area near the SIS is limited by autofluorescence of the SIS itself under fluorescence microscopy.   At days 14 and 28, there were GFP-expressing cells present in the graft areas, suggesting that seeded BMSCs survived during the early stages of regeneration process.  In addition, a limited number of GFP-positive cells appeared to have migrated into the surrounding submucosal tissues.   At day 56, neither the smooth muscle bundles nor the urothelium show any significant GFP fluorescence.  

The second half of the bladder was embedded in paraffin and sectioned at 5 μm, mounted on glass slides, baked at 60 °C and stored at room temperature.  Sections were stained with H&E as well as Masson’s trichrome per standard protocols.   Histological characterization of these tissue sections did not exhibit enhancement in regeneration at days 14, 28 and 56 as compared to regenerated bladders augmented with unseeded SIS.

Research Plans
The preliminary results suggested that the BMSCs may not directly incorporate into the regenerated bladder wall.  A larger number of animals will be performed to confirm our current observations.   In order to further evaluate the survival of the BMSCs, earlier time points will be included and tissue sections will be stained for cell death markers including terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) and activated caspase-3 as well as cell proliferation markers such as Ki-67 along with GFP staining.

It is possible that seeded BMSCs may improve regeneration by improving vascularization of the graft tissue (2).  An attempt will be made to quantify number of blood vessels in regenerated bladder using by immunohistochemical staining for CD31; and results will be compared with bladders augmented with unseeded SIS.

In the future, differentiation of BMSCs to bladder smooth muscle cells (SMCs) will be characterized in vitro.   Several studies have suggested that BMSCs are capable of differentiation to SMC lineage (3).  To accomplish this goal, molecular techniques as well as functional assays will be applied to evaluate the gene expression profiles and contractile capabilities of BMSC after in vitro induction for SMC differentiation.
References

1. Zhang, Y, et Al. Growth of bone marrow stromal cells on small intestinal submucosa: an alternative cell source for tissue engineered bladder. BJU Int. 2005 Nov;96 (7): 1120-5.
2. Zhang K, et Al. Bone marrow mesenchymal stem cells induce angiogenesis and promote bladder cancer growth in a rabbit model. Urol Int. 2010;84(1):94-9. Epub 2010 Feb 17.
3. Tian H, et Al. Differentiation of human bone marrow mesenchymal stem cells into bladder cells: potential for urological tissue engineering. Tissue Eng Part A. 2010 May;16(5):1769-79.
