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(57) ABSTRACT 

A method for providing a urinary tract tissue graft composi 
tion includes providing a tissue culture frame and a segment 
of small intestinal Submucosa and positioning the segment of 
Small intestinal Submucosa in the tissue culture frame Such 
that the segment of Small intestinal Submucosa is suspended 
and held in a taut position by the tissue culture frame. Smooth 
muscle and urothelial cells are isolated from a tissue speci 
men of a subject and cultured, and then seeded upon the 
segment of Small intestinal Submucosa, thereby forming a 
urinary tract tissue graft. A tissue culture frame in which Such 
a urinary tract tissue graft may be formed is also disclosed. 
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INVITRO ENGINEERED, REGENERATED 
URINARY TRACT TISSUE COMPOSITIONS 
AND METHODS FOR PRODUCING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. Ser. No. 
11/196,990, filed Aug. 4, 2005, now abandoned; which is a 
divisional of U.S. Ser. No. 10/013,270, filed Dec. 10, 2001, 
now U.S. Pat. No. 7,122,200, issued Oct. 17, 2006: which 
claims the benefit under 35 U.S.C. 119(e) of U.S. Provisional 
Application Ser. No. 60/254,186, filed Dec. 8, 2000. The 
contents of each of the above-referenced applications is 
hereby expressly incorporated herein by reference in its 
entirety. 

FEDERALLY SPONSORED RESEARCHOR 
DEVELOPMENT 

0002 This application was supported in part by a National 
Research Grant 1 RO1DK56968-01A1 (Principal Investiga 
tor Bradley P. Kropp) from the National Institutes of Health. 
The United States Government has certain rights in and to this 
application by virtue of this funding. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to methods of tissue 
reconstruction and repair, and more particularly, but not by 
way of limitation, to seeded tissue engineering techniques 
utilizing a tissue culture frame, as well as a tissue graft formed 
by such methods. 
0005 2. Brief Description of the Related Art 
0006. At least twenty-five percent of the clinical problems 
in pediatric urology are caused by neurologic lesions that 
affect lower urinary tract function. These clinical presenta 
tions are highlighted by urinary incontinence, urinary tract 
infections and decreased bladder compliance that leads to 
increased pressure transmission to the upper urinary tract 
which leads to Subsequent renal deterioration. The monetary 
cost to our health care system of treating children with dys 
functional bladders runs into millions of dollars each year. 
Therefore, the need for bladder augmentation has increased in 
both the adult and pediatric population. This increased need 
requires Surgical techniques that are clinically and Socially 
acceptable and allow these children and adults to live a 
healthier and more normal life. The current methods of treat 
ment of bladder dysfunction leave those goals largely unmet 
and must be improved if we hope to improve the prognosis of 
this large population of urology patients. 
0007. The gastrointestinal tract has been the autologous 
tissue source of choice for genitourinary reconstruction in 
both the adult and pediatric population. Deleterious side 
effects associated with the use of bowel include infection, 
intestinal obstruction, mucus production, electrolyte abnor 
malities, perforation and neoplasia. These potential side 
effects have ignited tissue engineering research involving 
bladder reconstruction through bladder regeneration. These 
endeavors have shown that there is an urgent need for the 
development of biodegradable materials with predictable 
behavior and well characterized mechanical properties that 
can be used as alternatives to gastrointestinal segments for 
bladder reconstruction. The major obstacle to advancing the 
field of urinary tract reconstruction and rehabilitation has 
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been the availability of a biomaterial, either permanent or 
biodegradable, that will function as a suitable scaffold to 
allow the natural process of regeneration to occur. The ideal 
graft material would be replaced by the host tissue, promote 
the development of a structurally intact low pressure reser 
Voir, and serve as a scaffold for the healing and regeneration 
of the bladder wall. If a suitable exogenous graft material was 
available, the need for autogenous tissue and all of the nega 
tive consequences associated with its harvest could be elimi 
nated. Therefore, investigators continue to search for the 
proper scaffold and methodology that is necessary to regen 
erate tissue and maximally restore urinary tract function. 
Currently, two technologies involving tissue engineering for 
bladder regeneration and augmentation are being investi 
gated. 
0008. The first reconstructive technology, the in vivo or 
unseeded tissue engineering technique for bladder regenera 
tion, employs Xenogenic (derived from stomach, bladder and 
Small intestine) or synthetic biodegradable, acellular matri 
ces. Such tissue engineering technique involves the direct in 
Vivo placement of an unseeded biodegradable material into a 
host that will then function as a scaffold to allow the natural 
process of regeneration to occur. While this technology pro 
vides the scaffold for wound healing and tissue regeneration, 
it also requires the host to provide the tissue and proper 
environment for cell growth and tissue regeneration. 
0009. There are two major obstacles for in vivo or 
unseeded tissue engineering technology for bladder regenera 
tion. The first has been finding a biomaterial that will act as a 
suitable scaffold for this natural process to occur. Synthetic 
non-biodegradable biomaterials such as silicone, rubber, 
polytetrafluoroethylene, and polypropylene have been unsuc 
cessful because of mechanical failure, lithogenesis, or host 
foreign body reactions (see, e.g., Kudish, H. G., J. Urol. 
78:232 (1957); Ashkar, L. and Heller, E., J. Urol. 98.91 
(1967); Kelami et al., J. Urol. 104:693 (1970)). As a conse 
quence of failures with non-biodegradable materials, Syn 
thetic biodegradable materials have been investigated that 
would allow the host bladder time for regeneration but then 
dissolve prior to the onset of any foreign body reaction. These 
materials have been applied experimentally and have shown 
improvement over non-biodegradable materials. Xenogenic, 
collagen-rich biodegradable materials such as placenta, 
amnion and pericardium have been used with even more 
encouraging experimental results than studies employing 
non-biodegradable synthetic materials. However, despite ini 
tial encouraging results, none of these materials have been 
found to be suitable for clinical use. It has been reported that 
bladders augmented with dura, peritoneum, placenta and fas 
cia contract over time, and that Such tissue grafts fail to 
promote complete bladder wall regeneration (i.e., tissue hav 
ing a urine impermeable layer and a functional muscle cell 
layer) (Kelami, et al., J. Urol. 105:518 (1971)). 
0010. The second potential limitation of the unseeded tis 
Sue engineering technique for bladder regeneration is that the 
size of the graft may be limited to the amount of area which 
can be quickly invested with bladder cells from the remaining 
native bladder, and therefore may not be sufficient for bladder 
replacement. If the ratio of the size of the unseeded graft to the 
amount of native bladder tissue becomes too large, the ability 
of the animal to invest the graft with SMC and urothelial cells 
appears to be compromised. In the absence of quickly cover 



US 2009/0304645 A1 

ing the graft with bladder cells, contraction and excess scar 
formation becomes a concern and poor clinical outcomes 
may result. 
0011 Clearly a tissue graft material is desired which is 
non-immunogenic, not subject to gross shrinkage after 
implantation, and which promotes the growth of endogenous 
urinary bladder tissues having a urine impermeable cell layer 
and a functional muscle cell layer. A collagen-based bioma 
terial called Small intestinal Submucosa (SIS) is a Xenogenic 
membrane harvested from pig Small intestine in which the 
tunica mucosa is mechanically removed from the inner Sur 
face, and the serosa and tunica muscularis are mechanically 
removed from the outer Surface. This produces a thin, trans 
lucent graft (0.1 mm wall thickness) composed mainly of the 
submucosal layer of the intestinal wall. The submucosal layer 
of animal intestine has an established background in Surgery 
as gut Suture. This collagen-rich membrane has been previ 
ously shown to function well as an arterial or venous graft 
eliciting rapid replacement by native tissues. It has also been 
shown to have excellent host compatibility and remodeling 
when submucosal bladder injections of minced SIS were 
performed in pigs. To date, SIS has been shown to be non 
immunogenic with over 1,000 cross-species transplants and 
direct challenge testing, demonstrating the lack of immuno 
genicity thereof. Additionally, SIS has been shown to contain 
a combination of active intrinsic growth factors, cytokines, 
structural proteins, glycoproteins and proteoglycans that may 
assist in cell migration and cell to cell interaction as well as 
cell growth and differentiation during the regenerative pro 
cess. Based upon these highly desirable characteristics, it 
appears that SIS has potential as a universal tissue graft. 
0012 Initial research using SIS for urinary bladder aug 
mentation was performed in a rat model, and SIS was shown 
to function as a scaffold to allow the native rat bladder to 
remodel and regenerate itself. Histologically, the regenerated 
rat bladders contained all three layers of the bladder (urothe 
lium, Smooth muscle and serosa) and were indistinguishable 
from normal rat bladder at 11 months post-augmentation 
(Kropp et al., Urology 46:396 (1995)). In addition, in vitro 
contractility studies showed that strips of in vivo tissue engi 
neered SIS-regenerated rat bladder had contractile properties 
and nerve regeneration that was similar to the normal rat 
bladder (Vaught et al., J. Urol. 155:374 (1996)). This was the 
first evidence that a functional bladder could beachieved with 
tissue engineering techniques. It also demonstrated that SIS 
was different than other biomatrix materials that have been 
studied in the past. Previously, no other material had shown 
the ability to promote the regenerative capacity of bladder 
tissue that SIS was demonstrating in the Small animal model. 
0013. A long term, large animal model evaluating in vivo 
tissue engineering of SIS bladder augmentation, in which 
40% of a canine bladder was removed and replaced with a 
similar size piece of SIS, demonstrated that the regenerated 
bladder remained urodynamically compliant with similar 
capacities as control dogs. There were no deleterious side 
effects or upper tract changes up to 15 months post-augmen 
tation. Gross examination revealed that all three layers of the 
bladder had regenerated. However, the quantity and organi 
zation of smooth muscle fibers differed slightly from the 
normal bladder (Kroppet al., J. Urol. 155:2098 (1996)). In 
vitro contractility bladder strip studies performed on the SIS 
regenerated portions of the bladder demonstrated contractile 
activity and expression of muscarinic, adrenergic and puri 
nergic receptors similar to normal bladder. As was the case in 
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the rat model, SIS-regenerated bladder also demonstrated 
functional nerve regeneration and enervation that is similar to 
normal bladder. Finally, in vitro stress/strain compliance 
studies demonstrated no significant difference between SIS 
regenerated bladder and control bladder, both of which were 
30-fold more compliant than the original SIS graft material 
(Kroppet al., J. Urol. 156:599 (1996)). 
0014 Critical histological analysis of the regenerated 
bladder tissue has revealed that the collagen-to-muscle ratio 
is increased in Small intestinal Submucosa regenerated blad 
der compared to normal bladder and that the degree of regen 
eration is variable within a given graft. The clinical and func 
tional implications of these findings are not clear. In addition, 
while the obstacle of identifying a biomaterial that will act as 
a suitable scaffold for the natural process of bladder regen 
eration to occur is overcome by the use of SIS in unseeded 
tissue engineering technology, the obstacle of the limited size 
of a graft formed therefrom still exists. 
0015 The second tissue reconstruction technology, the in 
vitro or seeded tissue engineering technique, utilizes biode 
gradable materials that serve as both a scaffold for the regen 
eration process to occur as well as cell-delivery vehicles. This 
technology involves initial harvesting of bladder tissue. Such 
as from a biopsy from host native tissue, to establish primary 
cultures of bladder cells. Cilento et al. (J. Urol. 152:665 
(1994)) demonstrated that it is theoretically possible to 
expand a transitional epithelial strain to cover the area of an 
entire football field using this method of cell culture. These 
cells are then seeded on a biodegradable membrane and, 
following a period of graft maturation, the in vitro created 
bladder graft is then transplanted back into the host for con 
tinuation of the regeneration process. 
(0016. In 1992, Atala et al. (J. Urol. 148:658 (1992)) dem 
onstrated the Successful use of non-woven polyglycolic acid 
polymers (PAP) to facilitate the in vitro growth of rabbit and 
human bladder epithelium and smooth muscle cells. They 
further demonstrated that human transitional epithelium and 
Smooth muscle cells grown on the biodegradable polymers 
could then be implanted into athymic mice and grown in vivo, 
and that the tissue architecture became progressively more 
complex with time in the animal. 
(0017 Recently, Yoo et al. (Urology 51:221 (1998)) and 
Oberpenning et al. (Nat. Biotechnol. 17:149 (1999)) reported 
on the feasibility of dog bladder augmentation using allo 
genic bladder submucosa and PAP membranes seeded with 
urothelial and smooth muscle cells. This study demonstrated 
that transitional epithelium and smooth muscle cells could be 
harvested, grown and Subsequently seeded on allogenic blad 
der Submucosa for use as augmentation material. Urodynami 
cally, the augmented bladder demonstrated increased capac 
ity during this short term study. Interestingly, the allogenic 
bladder Submucosa which was unseeded also demonstrated 
the ability to increase bladder capacity, however the gains in 
capacity were less than the seeded grafts. Studies such as this 
as well as those of Atala et al. Suggest that prior cell seeding 
of large bladder grafts may be necessary to obtain the best 
clinical outcome following bladder augmentation. Unfortu 
nately, although the in vitro technique of tissue engineering 
has been shown to be feasible for both synthetic and xeno 
genic matrices, thus far no studies have been undertaken to 
determine the effectiveness of the materials to facilitate the 
regeneration of functional bladder tissue in a large animal. 
0018. Therefore, there is a need felt within the art to iden 
tify a method of tissue engineering which will provide a 
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large-scale, functional urinary tract tissue graft composition 
for repairing damaged urinary tract tissue which overcomes 
the disadvantages and defects of the prior art. 

SUMMARY OF THE INVENTION 

0019. The present invention relates to materials for repair 
ing or augmenting tissues and methods for using same. More 
particularly, the present invention is related to a method of 
providing a large-scale, functional urinary tract tissue graft 
composition, as well as the urinary tract tissue graft compo 
sition produced by such method. Broadly, the method of the 
present invention includes providing a tissue culture frame in 
which a segment of SIS membrane is suspended and held in a 
taut position such that cells may be seeded thereon. The tissue 
culture frame allows cells seeded on the SIS, such as smooth 
muscle and urothelial cells, to continue to proliferate as well 
as mature into desired tissue sheets. The method includes 
isolating and culturing Smooth muscle and urothelial cells 
from a tissue specimen of a donor. The Smooth muscle cells 
are seeded on a mucosal surface of the SIS suspended in the 
tissue culture frame, followed by seeding of the urothelial 
cells on either a serosal surface of the SIS or upon the smooth 
muscle cells attached to the mucosal surface of the SIS. The 
tissue graft composition is then allowed to mature in culture 
until the Smooth muscle and urothelium are maximally dif 
ferentiated and assume a tissue-like phenotype, and the tissue 
graft composition can then be implanted back into the tissue 
donor. 
0020. An object of the present invention is to provide a 
method for providing a urinary tract tissue graft composition. 
0021. Another object of the present invention, while 
achieving the before-stated object, is to provide a urinary tract 
tissue graft composition. 
0022. Another object of the present invention, while 
achieving the before-stated objects, is to provide a method for 
repairing a damaged urinary tract tissue of a subject. 
0023. Another object of the present invention, while 
achieving the before-stated objects, is to provide a tissue 
culture frame utilized in a method of providing a urinary tract 
tissue graft composition. 
0024. Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a photograph of a tissue culture frame 
constructed in accordance with the present invention wherein 
the tissue culture frame is a rabbet-jointed frame having an 
outer frame portion and an inner frame portion. 
0026 FIG. 2 is a photograph of the tissue culture frame of 
FIG. 1 wherein the outer frame portion and inner frame por 
tion have been separated. 
0027 FIG. 3 is a photograph of the outer frame portion of 
the tissue culture frame of FIG. 1. 

0028 FIG. 4 is a photograph of the inner frame portion of 
the tissue culture frame of FIG. 1. 

0029 FIG. 5 is a photograph of the tissue culture frame of 
FIG. 1 wherein the tissue culture frame is loaded with small 
intestinal Submucosa membrane. 
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0030 FIG. 6 is a photograph of the tissue culture frame 
loaded with small intestinal submucosa membrane of FIG. 5 
wherein the Small intestinal Submucosa membrane is seeded 
with cells in culture medium. 

0031 FIG. 7 is a photograph of another embodiment of a 
tissue culture frame constructed in accordance with the 
present invention wherein the tissue culture frame is a pinned 
frame. 

0032 FIG. 8 is a photograph of the tissue culture frame of 
FIG. 7 wherein an upper frame portion and a lower frame 
portion of the tissue culture frame have been separated. 
0033 FIG. 9 is a photograph of the upper and lower frame 
portions of the tissue culture frame illustrated in FIG. 8 
wherein the upper and lowerframe portions are turned length 
wise. 

0034 FIG. 10 is a photograph of the top plan view of the 
separated upper and lowerframe portions of the tissue culture 
frame of FIG. 7. 

0035 FIG. 11 is a photograph of the tissue culture frame of 
FIG. 7 wherein the tissue culture frame is loaded with small 
intestinal Submucosa membrane. 

0036 FIG. 12 is a photograph of the tissue culture frame 
loaded with small intestinal submucosa membrane of FIG. 11 
wherein the Small intestinal Submucosa membrane is seeded 
with cells in culture medium. 
0037 FIG. 13 is a schematic representation of the experi 
mental design for optimizing coculture conditions. Primary 
cultured bladder urothelial (UC) and smooth muscle cells 
(SMC) were seeded alone on small intestinal submucosa or in 
combination with various coculture techniques. KSFM, kera 
tinocyte serum-free media. 
0038 FIG. 14 is a photomicrograph illustrating smooth 
muscle cells grown alone on Small intestinal Submucosa for 
28 days, which exhibit spindle shaped morphology. Cells are 
5 to 7 layers thick. Majority of smooth muscle cell growth 
occurs on the Surface of the Small intestinal Submucosa with 
areas of minimal matrix penetration just below Surface. 
Reduced from x94. 

0039 FIG. 15 is photomicrographs of urothelial cells 
grown alone on Small intestinal Submucosa for 28 days in low 
calcium conditions (A, 0.09 mM) and physiological levels of 
calcium (B, 2.5 mM). Urothelial cells in A demonstrate 1 to 2 
layers of flattened cells (Trichrome, reduced from x63). 
Urothelial cells in B are cuboidal in shape and form multilay 
ered pseudostratified urothelium (reduced from x78). 
0040 FIG. 16 is photomicrographs illustrating layered 
coculture. A, at 7 days there is distinct cell sorting confirmed 
by immunohistochemical analysis and urothelial cells (red 
staining for cytokeratin AE1/AE3) grow on top of smooth 
muscle cells (black staining for C-Smooth muscle actin), that 
are beginning to penetrate (arrow) matrix of Small intestinal 
submucosa membrane. Reduced from x63. B. layered cocul 
ture at 28 days reveals further development of pseudostrati 
fied layer of urothelial cells growing on top of small intestinal 
Submucosa (open arrow). Smooth muscle cells have now 
penetrated matrix of small intestinal Submucosa and majority 
of cells are below its surface (solid arrow). Note several areas 
where Smooth muscle cells traverse deep into Small intestinal 
Submucosa membrane. This consistent pattern of matrix pen 
etrance of Small intestinal Submucosa membrane by Smooth 
muscle cells is distinctly different from minimal penetrance 
seen when Smooth muscle cells are grown alone on Small 
intestinal submucosa. Reduced from x94. 
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0041 FIG. 17 is a photomicrograph illustrating sandwich 
coculture. At 28 days, this method shows similar growth 
pattern to layered coculture technique except that the urothe 
lial cells and Smooth muscle cells are on opposite sides of the 
small intestinal submucosa membrane. Pseudostratified layer 
ofurothelium is on mucosal Surface (open arrow) while mul 
tiple layers of Smooth muscle cells are on the serosal Surface 
and are penetrating into the matrix of the Small intestinal 
submucosa membrane (solid arrow). Reduced from x94. 
0042 FIG. 18 is photomicrographs illustrating mixed coc 

ulture. A, at 28 days there are several layers of cells growing 
on top of the Small intestinal Submucosa with active matrix 
penetration of its membrane. Trichrome, reduced from x94. 
B, immunohistochemical analysis (urothelial cells stain red 
for cytokeratin AE1/AE3 and smooth muscle cells stain black 
for C-Smooth muscle actin) shows lack of cell sorting. 
Reduced from x94. 
0043 FIG. 19 is a photomicrograph illustrating layered 
coculture of dog bladder epithelial and smooth muscle cells 
on Small intestinal Submucosa membrane before implanting 
of graft. At 14 days there are several areas where smooth 
muscle cells traverse deep into Small intestinal Submucosa 
membrane and epithelial cells grow on the top of Smooth 
muscle cells (Masson Trichrome stainingx20). 
0044 FIG. 20 is a photomicrograph of Masson trichrome 
stained cell-seeded Small intestinal Submucosa regenerated 
dog bladder at 10 weeks postaugmentation. All layers of 
bladder are present. Abundant smooth muscle bundle forma 
tions (red) are surrounded by collagenous matrix (blue)x20. 

DETAILED DESCRIPTION OF THE INVENTION 

0045 Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried 
out in various ways. Also, it is to be understood that the 
phraseology and terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
0046. The present invention is related to a method of pro 
ducing a urinary tract tissue graft composition which closely 
resembles the architecture of normal tissue. Such urinary tract 
tissue graft composition comprises a Xenograft of biodegrad 
able porcine small intestinal submucosa (SIS) seeded with 
autologously obtained Smooth muscle cells and urothelial 
cells to regenerate urinary tissue and restore normal urinary 
function. 
0047. The use of SIS in the method of the present invention 

is considered to have enhanced regenerative potential over the 
prior art use of PAP. SIS has been shown to have a rich supply 
of growth factors that have been shown in vitro to support the 
growth and differentiation of bladder cells. PAP lacks these 
factors. In addition, a much larger number of cells would be 
required to seed a segment of PAP compared to the same size 
segment of SIS. Therefore, SIS should provide a better envi 
ronment and framework for the regenerative process, and 
therefore overcomes the defects and disadvantages of the 
prior art. 
0048. The present invention is also related to a prototype 
nonextractable, autoclave sterilizable tissue culture frame 
developed for use in the SIS-supported autoaugmentation 
protocol for production of the urinary tract tissue graft com 
position of the present invention, as well as a kit comprising 
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the tissue culture frame and segment of SIS membrane Sus 
pended therein. In a preferred embodiment, the tissue culture 
frame is large enough to Support a full size piece of 7x10 cm 
SIS membrane and can be placed into standard 150 mm tissue 
culture dishes for culture of tissue sheets. FIGS. 1-6 illustrate 
one embodiment of the tissue culture frame, wherein the 
tissue culture frame is a rabbet-joint frame constructed of a 
polymer, Such as high strength clear polymethacrylate 
(ACRYLITER, Idea Scientific Company, Minneapolis, 
Minn.). The rabbet-jointed tissue culture frame comprises 
two separate frame pieces, the inner frame portion and the 
outer frame portion. The outer frame portion is the larger of 
the two frame portions and has an inner rabbeted edge in 
which the inner frame portion Snugly fits for securing of the 
SIS material. In the embodiment shown in FIGS. 1-6, the 
outer frame portion has an outer border having a length of 
about 11 cm and a width of about 7.5 cm and an inner border 
having a length of about 8.5 cm and a width of about 5.5 cm. 
The inner rabbeted edge extends about an additional 2 cm for 
placement of the inner frame portion. The inner frame por 
tion, which does not have an aforementioned rabbeted edge, 
has an outer border having a length of about 8.5 cm and a 
width of about 5.5 cm and an inner border having a length of 
about 6 cm and a width of about 4.5 cm. 

0049 Shown in FIGS. 7-12 is another embodiment of a 
tissue culture frame which may be utilized in the method of 
the present invention. The tissue culture frame is constructed 
of a polymer, such as polypropylene, and comprises a 
matched set of 3 mm thick rectangular pieces (an upper frame 
portion and a lower frame portion) which have an outer 
dimension of 9x12 cm with an inner window of 6x9 cm 
removed. The tissue culture frame is equipped with eight 9x2 
mm stainless steel pins which are permanently affixed to the 
lowerframe portion of the tissue culture frame. A correspond 
ing hole of 4 mm is drilled concentrically, above the pins, in 
the upper frame portion of the tissue culture frame so that 
when the tissue culture frame is assembled, the pins protrude 
above the upper frame portion by approximately 2 mm. When 
the tissue culture frame is assembled with an SIS membrane 
situated between the two frame portions and held in place by 
stainless steel binder clips, the pins pull the SIS membrane 
taut and hold the necessary tension on the SIS membrane 
which is critical for the seeded cells to differentiate in long 
term culture. 

0050. While each of the above-described tissue culture 
frames are provided with dimensions adapted for Supporting 
a 7x10 cm piece of SIS membrane, it is to be understood that 
the tissue culture frames of the present invention are not 
limited to such dimensions but may be provided with any 
dimensions which allow the tissue culture frames to function 
in accordance with the present invention. For example, if a 
larger or smaller piece of SIS membrane were utilized in the 
method of the present invention, the dimensions of the tissue 
culture frames may be varied accordingly. In addition, while 
the tissue culture frames of the present invention have been 
described as being formed of polymers, it is to be understood 
that Such tissue culture frames may be formed of any material 
which allow the tissue culture frames to be sterilized and to 
function in accordance with the present invention. For 
example, either of the tissue culture frames described herein 
above could be formed from metal. 

0051. In addition, while two embodiments of the tissue 
culture frame have been described herein above, it is to be 
understood that other embodiments of the tissue culture 
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frame may be utilized in the method of the present invention, 
as long as the tissue culture frame is sterilizable, will allow a 
segment of SIS membrane to be suspended therein and will 
hold such segment of SIS membrane in a taut position Such 
that cells may be seeded thereon. 
0052. The method of the present invention involves isola 
tion and culture of smooth muscle and urothelial cells, such as 
bladder smooth muscle cells (BSMCs) and bladder urothelial 
cells (BUCs), from a biopsy specimen by collagenase diges 
tion of the tissues. That is followed by seeding smooth muscle 
cells at a density of 1x10 cells/cm on a mucosal surface of 
the SIS membrane which is suspended, under tension, 
between the frame portions of the tissue culture frame for one 
hour. Following the one hour period, the tissue culture frame 
and SIS membrane are turned over, and urothelial cells are 
seeded at an equal density on a serosal Surface of the SIS 
membrane. An alternate protocol is to seed the Smooth muscle 
cells on the mucosal surface of the SIS sheet and following a 
one hour period for the cells to attach to the membrane, the 
urothelial cells are seeded upon the attached Smooth muscle 
cells. In both cases, the graft is then allowed to mature for 14 
days in culture. At that point, Smooth muscle and urothelium 
are maximally differentiated and are ready to be implanted 
back into the tissue donor. 
0053 While the urinary tract tissue graft composition 
described in the Example below is formed from bladder cells, 
it is to be understood that the smooth muscle cells and urothe 
lial cells of the urinary tract tissue graft composition of the 
present invention may be obtained from any urinary tract 
tissue, including but not limited to, ureter, urethra, and tunica 
albuginea. 
0054 The present invention further includes a method for 
repairing a damaged urinary tract tissue of a subject utilizing 
the tissue culture frame described herein. The method 
involves isolating and culturing Smooth muscle and urothelial 
cells from a urinary tract tissue specimen of a Subject to 
provide primary cell cultures. The smooth muscle cells are 
first seeded on a mucosal Surface of a segment of Small 
intestinal Submucosa which is positioned in the tissue culture 
frame Such that the segment of Small intestinal Submucosa is 
Suspended and held in a taut position by the tissue culture 
frame. The urothelial cells are then seeded on a serosal Sur 
face of the segment of Small intestinal Submucosa. Alterna 
tively, the urothelial cells may be seeded on top of the smooth 
muscle cells attached to the mucosal Surface of the segment of 
small intestinal submucosa. The graft formed therefrom is 
then allowed to mature in culture. Then the segment of small 
intestinal Submucosa is removed from the tissue culture frame 
and contacted with the damaged urinary tract tissue under 
conditions such that growth of the urinary tract tissue occurs 
and the damaged urinary tract tissue is repaired, thereby 
restoring urological function. 
0055 Contemporary attempts to use tissue engineering 
techniques to create tissue for grafting have relied on the use 
of synthetic matrices as a scaffold on which to seed cells. A 
significant disadvantage to this approach is the vast quantity 
of cells which must be obtained to seed the membrane due to 
low seeding efficiency. The low levels of cell seeding effi 
ciency greatly reduces the utility of the approach. The proce 
dure to isolate sufficient quantities of cells is very invasive 
and carries an increased risk of Surgical complication. 
0056. The novelty of the method of the present invention is 
readily apparent when viewed in light of traditional attempts 
to generate functional urinary tissue where little or none had 
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previously existed. Traditional treatment requires two signifi 
cant Surgical procedures, resection of the bowel and Subse 
quent use of the autograft to augment the size of the bladder. 
Each procedure is associated with a significant risk of com 
plications. We have demonstrated that enough tissue is 
obtained from a moderately invasive uroscopic biopsy to 
isolate a sufficient quantity of cells to seed the membrane in 
preparation for grafting. The tissue culture frame utilized in 
the method of the present invention allows the cells to con 
tinue to proliferate as well as mature into the desired tissue 
sheets. Therefore, by using the method of the present inven 
tion, the overall trauma of the process of bladder augmenta 
tion is reduced by approximately 50%. Further, the risk of 
stone formation and malignancy in the regenerated bladder is 
significantly reduced. 
0057 The following example illustrates the practice of the 
preferred embodiments of the present invention. However, 
the present invention is not limited to the example set forth. 

Method and Materials 

Tissue samples 

0.058 Human bladder specimens were obtained from 11 
patients 2 to 11 years old with primary vesicouretal reflux 
undergoing open operations for ureteral reimplantation. 
None of the patients had clinical evidence of bladder dysfunc 
tion or neuropathic bladder. A small portion of the tissue was 
sent for routine histology and the remainder was used to 
establish primary cultures. Bladder tissue was obtained and 
processed in conjunction with approval from the Institutional 
Review Board. 
0059 Tissue samples from dog bladders were obtained 
from five adult male beagles (weighting between 11 and 13 
kg) undergoing partial cystectomy for bladder augmentation 
and were used for establishing primary cell cultures. Bladder 
tissue was obtained and processed in conjunction with 
approval from the Institutional Animal Care and Use Com 
mittee. 
0060 Establishment of Primary SMC and UC Cultures. 
0061 Under the dissecting microscope the bladder 
mucosa was dissected off of the underlying muscle tissues 
using microscissors. Individual portions of mucosa and 
muscle tissue were then minced into fine pieces (0.5 mm) 
and digested with 200 units/ml collagenase IV. Individual cell 
suspensions were washed twice with Hank's balanced salt 
solution, suspended and plated on T25 PRIMARIAR) cell 
culturing flasks. Primary cultures of urothelial cells were 
established in keratinocyte serum-free media (KSFM) (0.09 
mM/L calcium), and SMC were cultured in modified M199 
media supplemented with 10% fetal bovine serum (FBS). The 
cultures were incubated in a humidified 5% CO air atmo 
sphere at 37° C. The cells were fed with fresh media every 2 
days thereafter. Once cultured urothelial cells achieved 90 to 
100% confluence, they were harvested with 0.05% trypsin/ 
EDTA and routinely passaged. Further subculturing and pas 
saging were done in a routine fashion. Human UC and SMC 
used for seeding on Small intestinal Submucosa were between 
passages 2 and 8, while dog UC and SMC used for tissue 
culture on Small intestinal Submucosa were all below passage 
five at the time of seeding. 
0062 Small Intestinal Submucosa Disks 
0063 Human bladder cells were seeded and grown on 
commercially available Small intestinal Submucosa disks. 
These 1 cm disks were manufactured in a manner Such that 
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the Small intestinal Submucosa is suspended over a circular 
polypropylene frame (border 5 mm on top and 2 mm on 
bottom) with the mucosal surface upward to create a double 
well culture disk with the Small intestinal Submucosa acting 
as the separating membrane. The mucosal Surface of the Small 
intestinal Submucosa forms the base of the upward facing 
well while its serosal surface forms the base of the bottom 
well. The upper well folds 500 ul of media and the bottom 
well holds 200 ul. Following seeding of cells, small intestinal 
submucosa disks were placed in a 12 well cell culture dish 
filled with media to allow free contact of the media with both 
Surfaces of the Small intestinal Submucosa. 
0064. Seeding of Urothelial Cells and Smooth Muscle 
Cells on Small Intestinal Submucosa Disks 
0065. A diagram of the experimental design is shown in 
FIG. 13. Five separate groups were evaluated differing in the 
method of cell seeding. The first two groups were composed 
of urothelial cells and smooth muscle cells seeded individu 
ally on the mucosal Surface of the Small intestinal Submucosa 
disks. Cells were seeded at a concentration of 10 cells percm 
(Kroppet al., Urology, 52:138 (1998)). To evaluate the effect 
of different calcium concentrations on the type of growth of 
urothelial cells on Small intestinal Submucosa, cells were 
maintained in keratinocyte serum-free media containing 0.09 
mM and 2 mM calcium. The latter is a more physiological 
level of calcium that had previously been shown to support a 
more differentiated growth pattern of urothelial cells (South 
gate et al., Lab Invest. 71:583 (1994)). Smooth muscle cells 
were maintained in modified M199. 

0066. The last three groups were made up of different 
coculture methods, which included 1 layered coculture of 
Smooth muscle cells seeded on the mucosal Surface of the 
small intestinal submucosa followed by seeding of urothelial 
cells on top of the Smooth muscle cells one hour later, sand 
wich coculture of smooth muscle cells seeded on the serosal 
surface of the small intestinal submucosa disk followed by 
seeding of the mucosal surface with urothelial cells 24 hours 
later, and mixed coculture of smooth muscle cells and urothe 
lial cells mixed together and then seeded together on the 
mucosal Surface of the Small intestinal Submucosa disk. In 
each coculture group, cells were seeded at a density of 10 
cells per cm in a medium composed on keratinocyte serum 
free media and M199 mixed 1:1. Within each group cells were 
seeded, incubated and harvested at 3, 7, 14 and 28 days 
following seeding. For each separate seeding method, 3 sepa 
rate disks were seeded and harvested at each time point. Once 
the cells were seeded on the Small intestinal Submucosa mem 
brane, the medium was changed daily. 
0067. Histology and Immunohistochemistry. 
0068. At the designated time points small intestinal sub 
mucosa disks were harvested and fixed in 10% neutral buff 
ered formalin for 24 hours. To preserve cell integrity and 
architecture during histological sectioning, the cell-Small 
intestinal Submucosa constructs were embedded in 4% agar 
and then processed for routine histology. Sections were rou 
tinely stained with hematoxylin and eosin, and Masson 
trichrome. To assist in identification of smooth muscle cells 
and urothelial cells in the coculture groups, immunohis 
tochemical staining was performed with monoclonal antibod 
ies to C-Smooth muscle actin (1:1,000) and cytokeratin AE1/ 
AE3 (1:100) which are specific for smooth muscle cells and 
urothelial cells, respectively. Cells were individually stained 
with C-Smooth muscle actin and double stained with both 
antibodies using a double stain kit. Variables evaluated at each 
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time point in each group were cell morphology, cell prolif 
eration and layering, cell sorting, presence or absence of 
pseudostratified urothelium and matrix penetrance of the 
Small intestinal Submucosa membrane with Smooth muscle 
cells. 
0069 Loading the Tissue Culture Frames with Small 
Intestinal Submucosa Membrane 
0070 The intact small intestinal submucosa membrane 
was prepared in a standard method. Briefly, mesenteric tissue 
was removed from porcine jejunum. The mucosa and lamina 
propria of the luminal side and the serosa and external muscle 
layers of the abluminal side were removed mechanically. The 
resultant Submucosa (approx. 0.2 cm thick) was rinsed exten 
sively in water and disinfected with 0.1% peracetic acid solu 
tion and 20% ethanol for two hours. 
0071. Two types of tissue culture frames were used for 
preparing Small intestinal Submucosa membrane as a scaf 
fold: a rabbet-joint frame (FIGS. 1-6) and a pin frame (FIGS. 
7-12). The intact small intestinal submucosa membrane used 
for cell culture growth on either of the frames was 11x7.5 cm 
in size. 
0072 1. Rabbet-Joint Tissue Culture Frame 
0073. This tissue culture frame is composed of high 
strength clear polymethacrylate (ACRYLITE(R), Idea Scien 
tific Company, Minneapolis, Minn.), comprising two sepa 
rate frame pieces. The larger of the two frames, or outer 
frame, has an inner rabbet-edge in which the Smaller frame, or 
inner frame, snugly fits for securing of the SIS material. The 
dimensions of the outerframe are 11 cmx7.5 cm at its outside 
border with the inside border being 8.5 cmx5.5 cm. The inner 
rabbet-edge extends an additional 2 mm for placement of the 
smaller frame. The smaller frame, which does not have the 
aforementioned rabbet-edge, has an outer dimension of 8.5 
cmx5.5 cm and inner dimension of 6 cmx4.5 cm. The tissue 
culture frame was created by Suspending Small intestinal 
Submucosa, with the luminal side up, over a rabbet-joint 
frame with a 5 mm tall border on top and 5 mm tall on the 
bottom. 

0074 2. Pinned Tissue Culture Frame 
(0075. The Pinned tissue culture frame (PTCF) is com 
posed of two sheets of autoclavable polypropylene (Nalge 
Nunc International, Rochester, N.Y.) that are 7 cmx5 cm with 
a central opening of 5 cmx4 cm (see FIGS. 7through9). The 
corners are rounded offin order to allow for easier placement 
of the frame into a 150 mm tissue culture dish. In addition, 
one side of the tissue culture frame is notched to aid in 
aligning the top and bottom halves of the tissue culture frame 
after the pins have been inserted. There are eight to twelve 
pins located around the tissue culture frame, halfway between 
the outer and inner edges. The pins are composed of 5 mm 
Surgical stainless steel and are approximately 15 mm long. 
The frames are placed on top of each other and holes are 
drilled for the pins. The pins are anchored into the bottom of 
the frame (via melting of the polypropylene around the pins), 
and the tops of the pins are rounded off. The rounding of the 
pin along with the large diameter prevents ripping of the 
Small Intestinal Submucosal membrane when putting the 
system together. In order to make sure that the SIS membrane 
stays in place during culture, four stainless steel clips are 
attached to each of the four sides to hold everything together 
(not shown). 
0076 Both of the tissue culture frames described herein 
above create a double-chamber with the small intestinal sub 
mucosa acting as the separating membrane. The up-well 
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holds approximately 15 ml of media and the bottom-well 
holds about 20 ml. Both of the tissue culture frames were 
designed to provide even mechanical strains on the Small 
intestinal Submucosa membrane so that the cells are able to 
attach and grow on the Small intestinal Submucosa Suspended 
therein. 
0077 Growth of BSMC and UC on Small Intestinal Sub 
mucosa Membranes. 
0078 Dog bladder epithelial and smooth cells were indi 
vidually seeded onto the tissue culture frames with intact 
Small intestinal Submucosa membrane using coculture tech 
nique. UC were seeded on SMC layers one hour after SMC 
were seeded on Small intestinal Submucosa matrix in the 
mixture media of KSFM and M199 (KFSM-M199), and the 
cells were cultured for 14 days. 
0079 Small pieces of cell-seeded SISgrafts were cut for 
histological examination before being implanted back into 
the host animal. 
0080 Animal Operation 
0081. Using the canine subtotal cystectomy model, ani 
mals underwent urinary bladder augmentations with 
unseeded SISgrafts, and were directly compared to animals 
receiving urinary bladder augmentation with seeded SIS 
grafts. Using methods described in our previous study (Kropp 
1998), cystometrograms (CMG), cystograms, IVU's, and 
serum chemistries were performed on animals pre-opera 
tively and at 10 weeks post-implantation of the seeded or 
unseeded SIS to assess upper and lower urinary tract function. 
0082. The cell-seeded SIS regenerated bladders were har 
vested 10 weeks after augmentation and fixed in 10% neutral 
buffered formalin over 24 hours. The tissue samples were 
studied with hematoxylin-eosin and immunohistochemical 
staining. 

Results/Discussion 

0083. A seeded graft is desired to have proliferating cells 
that are well attached and growing within the matrix of the 
biomaterial to prevent slough during the augmentation pro 
cedure, as well as to resemble normal bladder tissue. In addi 
tion, it has been shown that different biomaterials require 
different seeding methods for optimization of cell growth and 
regeneration. To determine the optimal cell seeding density, 
the optimal amount of time of in vitro culture post-seeding, 
and the best method of co culture of bladder cells to yield the 
best biomaterial-cell composite for placement into the host 
animal, human Smooth muscle and urothelial cells were 
seeded at different densities and with different coculture 
methods on SIS (FIG. 13), and a number of parameters, such 
as cell morphology, cell adherence, cell proliferation, the 
development of a stratified urothelium, and the degree of 
Smooth muscle cell invasion into the membrane, were ana 
lyzed. 
0084 Primary cultures of human smooth muscle and 
urothelial cells were established utilizing standard explant 
techniques as previously described (Cilento et al., J. Urol. 
152:665 (1994); Baskinet al., J. Urol. 149:190 (1993)). Blad 
der cells were Subcultured and expanded as per routine. 
Smooth muscle and urothelial cells were seeded both indi 
vidually and together onto intact SIS membranes (100,000 
300,000 cells/membrane) and allowed to grow for up to 25 
days. Cell growth on intact SIS was compared to growth on 
conventional plastic. Smooth muscle cells seeded onto intact 
SIS grew in an organized fashion in three dimensions in 
multiple cell layers with limited areas of matrix penetration 
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(FIG. 14). Urothelial cells also readily adhered to SIS and 
grew in multiple layers (FIG. 15). 
I0085. This growth pattern was distinctly different from the 
two-dimensional monolayer growth pattern that occurs when 
cells are grown on conventional plastic. When bladder 
smooth muscle and urothelial cells were plated together, there 
was a synergistic effect with regard to enhanced growth and 
penetration of the SIS membrane (FIGS. 16 and 17). Immu 
nohistochemical staining patterns of Smooth muscle cells (a 
Smooth muscle actin and Smooth muscle myosin) and epithe 
lial cells (cytokeratin 8.12/8.13) were preserved when grown 
on intact SIS. 

0086. As there was no standardized method in the litera 
ture and emboldened by the success of experiments which 
demonstrated that it is possible to grow bladder cells on SIS in 
long-term tissue culture, a more thorough characterization of 
the culture conditions which yielded the best seeded graft on 
the basis of histological and immunohistochemical analysis 
were undertaken. Five different methods of seeding and cul 
ture were assessed at time points of 3, 7, 14 and 28 days to 
establish which method was most effective at developing a 
usable graft in the shortest period of time. We found that grafts 
made by sequential seeding coculture of SMC and UC (with 
SMC seeded on the membrane one hour prior to overseeding 
UC on the same surface of the membrane) for 14 days resulted 
in the most differentiated graft (FIG. 16). In addition, the 
sandwich coculture technique (FIG. 17) also resulted in orga 
nized cell sorting, formation of a well-defined pseudostrati 
fied urothelium and multilayered smooth muscle cells with 
enhanced matrix penetration. With the mixed coculture tech 
nique (FIG. 18), there was no evidence of cell sorting, 
although matrix penetrance by the Smooth muscle cells was 
evident. 

0087. It was also established that there are SMC/UC inter 
actions that are involved in the determination of the type of 
growth seen on the membrane (proliferative vs. differentia 
tive, invasive vs. Surface limited), and that it is necessary for 
the cells to be in physical contact with each other to achieve 
the most “tissue-like' appearance in culture. The presence of 
urothelial cells significantly impacts the pattern of Smooth 
muscle cell growth on Small intestinal Submucosa since active 
penetrance of the membrane only occurs when urothelial 
cells are grown in conjunction with Smooth muscle cells. 
I0088. To assess the effect of cell density on graft develop 
ment, the seeding density of the SMC and UC on the SIS 
membrane was varied and cultured for the period previously 
shown to yield optimum histological organization. After 14 
days of culture, the grafts were harvested for comparative 
histology. It was determined that while the higher seeding 
density yielded a thicker layer of cells on the surface of the 
membrane (1-2 layers more cells), that invasion into the inter 
stices of the membrane by SMCs was significantly enhanced 
in the 10 cells/cm cultures. The lowest seeding density had 
a paucity of cells which were limited to the surface of the 
membrane with no evidence of invasion. We feel that a com 
pelling case can be made for using the culture parameters 
outlined to create our material for re-implantation into the 
animal. First, using a medium density seeding allows us to 
generate enough cells to do the procedure in a shorter period 
of time. Second, the medium density cultures have a more 
tenacious hold on the membrane and are less likely to be 
abraided from the graft due to manipulation during the re 
implantation process, thereby leaving more cells to partici 
pate in the regenerative process. Finally, with the medium 



US 2009/0304645 A1 

density cellinoculum, the process of tissue reorganization has 
already begun to occur in culture. Thus, the graft is further 
along in the regenerative process and this should lead to a 
faster regeneration of functional bladder tissue in the host 
animal. 
0089. In summary, the best method of seeding was 
achieved by first seeding the mucosal surface of the graft with 
smooth muscle cells followed by urothelial cells one hour 
later. The optimal seeding density was 100,000 cells/cm. 
This seeding method yielded a seeded graft that had the best 
histologic characteristics relative to normal bladder. There 
was a well developed pseudostratified urothelium with mul 
tiple layers of smooth muscle cells proliferating within the 
matrix of the SIS membrane. Additionally, it was determined 
that after 14 days in culture, the seeded graft does not further 
mature and differentiate when carried out to 28 days. 
0090. Once the coculture conditions were optimized using 
the Small intestinal Submucosa disks. Such coculture condi 
tions were applied to a large-scale study in which 7x10 cm 
segments of Small intestinal Submucosa were suspended in 
the two tissue culture frames described herein above, and dog 
bladder smooth muscle and urothelial cells were seeded 
thereon by the layered coculture method described above. 
Both of the tissue culture frames are user-friendly and easy to 
clean, Sterilize and store and do not affect cell growth or 
differentiation. 
0091. On day 14, the urothelial cells were flattened in 
shape and grew on top of the Smooth muscle cells, which were 
spindle shaped. Distinct cell sorting was noted in which the 
smooth muscle cells grew on top of the SIS with early matrix 
penetrance, while the urothelial cells grew on top of the 
Smooth muscle cells as a separate population of cells. The 
SMC layer was up to 5-7 layers thick. The vast majority of 
SMC were no longer on the surface of the SIS. Rather, they 
had penetrated the matrix of the SIS membrane and were now 
proliferating under the surface of the SIS within the mem 
brane. In several areas, SMC could be seen traversing into the 
deep portions of the SIS membrane (FIG. 19). 
0092. Ten weeks after augmentation, the cell-seeded 
grafts had grossly minimal adhesions to the Surrounding 
perivesical fat or other intra-abdominal structures. Histologi 
cally, the SISgrafts were completely covered by urothelial 
cells. Grafts showed a prominent neovascularization at their 
edges and infiltration of their entire surface by the new cap 
illaries. Regenerated Smooth muscle bundle formation was 
present and indistinguishable from the normal native bladder 
(FIG. 20). 
0093. Thus it should be apparent that there has been pro 
vided in accordance with the present invention a urinary tract 
tissuegraft composition, a method of providing aurinary tract 
tissue graft composition, a method for repairing a damaged 
urinary tract tissue of a Subject, and a tissue culture frame 
which may be utilized in such methods, that fully satisfies the 
objectives and advantages set forth above. Although the 
invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, 
modifications, and variations will be apparent to those skilled 
in the art. Accordingly, it is intended to embrace all Such 
alternatives, modifications, and variations that fall within the 
spirit and broad scope of the appended claims. 

What is claimed is: 
1. A method for repairing a damaged urinary tract tissue of 

a subject, comprising the steps of 
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isolating and culturing Smooth muscle cells from a urinary 
tract tissue specimen of a subject; 

isolating and culturing urothelial cells from the urinary 
tract tissue specimen of the Subject; 

providing a tissue culture frame; 
providing a segment of Small intestinal Submucosa having 

a mucosal Surface and a serosal Surface; 
positioning the segment of Small intestinal Submucosa in 

the tissue culture frame Such that the segment of Small 
intestinal Submucosa is Suspended and held in a taut 
position by the tissue culture frame; 

seeding the Smooth muscle cells on the segment of Small 
intestinal Submucosa; 

seeding the urothelial cells on the segment of Small intes 
tinal Submucosa; 

allowing the segment of Small intestinal Submucosa having 
the smooth muscle cells and urothelial cells thereon to 
mature in culture Such that the Smooth muscle cells and 
urothelial cells exhibit three dimensional growth and 
matrix penetrance; 

removing the segment of Small intestinal Submucosa from 
the tissue culture frame; and 

contacting the damaged urinary tract tissue with the Small 
intestinal Submucosa under conditions such that growth 
of the urinary tract tissue occurs and the damaged uri 
nary tract tissue is repaired, thereby restoring urological 
function. 

2. The method of claim 1 wherein, in the steps of isolating 
and culturing smooth muscle cells from a urinary tract tissue 
specimen of a Subject and isolating and culturing urothelial 
cells from the urinary tract tissue specimen of the Subject, the 
urinary tract tissue specimen is bladder tissue, and the Smooth 
muscle cells are bladder smooth muscle cells and the urothe 
lial cells are bladder urothelial cells. 

3. The method of claim 1 wherein, in the step of seeding the 
Smooth muscle cells on the segment of Small intestinal Sub 
mucosa, the Smooth muscle cells are seeded on the mucosal 
Surface of the segment of Small intestinal Submucosa. 

4. The method of claim3 wherein, in the step of seeding the 
urothelial cells on the segment of Small intestinal Submucosa, 
the urothelial cells are seeded on the serosal surface of the 
segment of Small intestinal Submucosa. 

5. The method of claim3 wherein, in the step of seeding the 
urothelial cells on the segment of Small intestinal Submucosa, 
the urothelial cells are seeded on the smooth muscle cells 
attached to the mucosal Surface of the segment of small intes 
tinal Submucosa. 

6. A method for repairing a damaged urinary tract tissue of 
a Subject, comprising the steps of 

isolating and culturing Smooth muscle cells from a urinary 
tract tissue specimen of a subject; 

isolating and culturing urothelial cells from the urinary 
tract tissue specimen of the Subject; 

providing a tissue culture frame; 
providing a segment of Small intestinal Submucosa having 

a mucosal Surface and a serosal Surface; 
positioning the segment of Small intestinal Submucosa in 

the tissue culture frame Such that the segment of Small 
intestinal Submucosa is Suspended and held in a taut 
position by the tissue culture frame; 

seeding Smooth muscle cells on the mucosal Surface of the 
segment of Small intestinal Submucosa; and 

seeding urothelial cells on the serosal Surface of the seg 
ment of Small intestinal Submucosa; 



US 2009/0304645 A1 

allowing the segment of Small intestinal Submucosa having 
the smooth muscle cells and urothelial cells thereon to 
mature in culture Such that the Smooth muscle cells and 
urothelial cells exhibit three dimensional growth and 
matrix penetrance; 

removing the segment of small intestinal Submucosa from 
the tissue culture frame; and 

contacting the damaged urinary tract tissue with the Small 
intestinal Submucosa under conditions such that growth 
of the urinary tract tissue occurs and the damaged uri 
nary tract tissue is repaired, thereby restoring urological 
function. 

7. The method of claim 6 wherein, in the steps of isolating 
and culturing Smooth muscle cells from a urinary tract tissue 
specimen of a subject and isolating and culturing urothelial 
cells from the urinary tract tissue specimen of the Subject, the 
urinary tract tissue specimen is bladder tissue, and the Smooth 
muscle cells are bladder smooth muscle cells and the urothe 
lial cells are bladder urothelial cells. 

8. A method for repairing a damaged urinary tract tissue of 
a subject, comprising the steps of 

isolating and culturing Smooth muscle cells from a urinary 
tract tissue specimen of a Subject; 

isolating and culturing urothelial cells from the urinary 
tract tissue specimen of the Subject; 

providing a tissue culture frame; 
providing a segment of Small intestinal Submucosa having 

a mucosal Surface and a serosal Surface; 
positioning the segment of Small intestinal Submucosa in 

the tissue culture frame such that the segment of Small 
intestinal Submucosa is Suspended and held in a taut 
position by the tissue culture frame; 
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seeding Smooth muscle cells on the mucosal Surface of the 
segment of Small intestinal Submucosa; and 

seeding urothelial cells on the Smooth muscle cells 
attached to the serosal Surface of the segment of Small 
intestinal Submucosa; 

allowing the segment of Small intestinal Submucosa having 
the smooth muscle cells and urothelial cells thereon to 
mature in culture Such that the Smooth muscle cells and 
urothelial cells exhibit three dimensional growth and 
matrix penetrance; 

removing the segment of Small intestinal Submucosa from 
the tissue culture frame; and 

contacting the damaged urinary tract tissue with the Small 
intestinal Submucosa under conditions such that growth 
of the urinary tract tissue occurs and the damaged uri 
nary tract tissue is repaired, thereby restoring urological 
function. 

9. The method of claim 8 wherein, in the steps of isolating 
and culturing Smooth muscle cells from a urinary tract tissue 
specimen of a Subject and isolating and culturing urothelial 
cells from the urinary tract tissue specimen of the Subject, the 
urinary tract tissue specimen is bladder tissue, and the Smooth 
muscle cells are bladder smooth muscle cells and the urothe 
lial cells are bladder urothelial cells. 

10. A kit, comprising: 
a tissue culture frame in which a membrane may be sus 

pended and held in a taut position, thereby maintaining 
tension on the membrane Such that cells may be seeded 
on the membrane; and 

a segment of Small intestinal submucosa suspended in the 
tissue culture frame and held taut such that cells may be 
seeded thereon. 


