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CELL-SCAFFOLD CONSTRUCTS

FIELD OF THE INVENTION

The present invention relates to the regeneration, reconstruction, augmentation or
replacement of laminarly organized luminal organs or tissue structures using scaffolds seeded

with cells obtained from peritoneal tissue sources.

BACKGROUND OF THE INVENTION

Several anomalies can cause the bladder to develop abnormally and require surgical
augmentation. Conditions such as posterior urethral valves, bilateral ectopic ureters, bladder
extrophy, cloacal extrophy, and spina bifida (ie, myelomeningocele) may cause the bladder to be
noncompliant, resulting in a small capacity bladder that generates high pressures. Clinically this
causes patients to suffer from incontinence while increasing their risk for renal failure due to the
high pressures in the genitourinary system. The current standard of therapy for these pediatric
patients is bladder augmentation through enterocystoplasty (Lewis et al. Br. J. Urol. (1990);
65:488-491). Bladder augmentation involves the removal of a section of large bowel from the
patient who then has that tissue connected to the existing bladder to increase compliance,
decrease pressure, and improve capacity. The surgeries are relatively complex and expensive.
Even in patients with a good technical result, the procedure is associated with numerous
immediate risks and chronic complications. The invasiveness, cost, and complications of these
surgeries limit their use to only the most severe bladder deficiencies. A similar surgical
procedure is performed in adults who require a bladder replacement, many as a result of bladder
cancer. In adults, the entire bladder is resected and replaced with large bowel. Despite the risk of
adverse effects, there are approximately 10,000 of these procedures performed per year in the
United States, including about 10% in children with congenital abnormalities and 90% in adults
with acquired disorders such as bladder cancer. There is clearly a compelling medical need for
an improved approach that would eliminate or at least substantially reduce the adverse effects
associated with the current standard of care.

The human urinary bladder is a musculomembranous sac, situated in the anterior part of
the pelvic cavity that serves as a reservoir for urine, which it receives through the ureters and
discharges through the urethra. In a human the bladder is found in the pelvis behind the pelvic
bone (pubic symphysis) and is above and posteriorly connected to a drainage tube, called the

urethra, that exits to the outside of the body. The urinary bladder is subject to numerous
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maladies and injuries which cause deterioration of the urinary bladder in patients. For example,
bladder deterioration may result from infectious diseases, neoplasms and developmental
abnormalities. Further, bladder deterioration may also occur as a result of trauma such as, for
example, car accidents and sports injury. Urinary diversions are often necessary in bladder
cancer patients. There are over 54,000 new bladder cancer cases each year in the United States
of America. Most bladder cancers are of epithelial origin, and worldwide, there are
approximately 336,000 new cases of urothelial carcinomas (transitional cell carcinomas (TCC))
annually (Kakizoe (2006) Cancer Sci. 97(9) 821).

Urinary diversion is a way to route and excrete urine from the body when an individual is
unable to urinate due to a damaged or non-functional urinary system. In general, any condition
that blocks the flow of urine and increases pressure in the ureters and/or kidneys may require a
urinary diversion. Some common indications for diversion include cancer of the bladder
requiring a cystectomy, a neurogenic bladder that impact renal function, radiation injury to the
bladder, intractable incontinence that occurs in women, and chronic pelvic pain syndromes. In
general, two major strategies exist for urinary diversion: a urostomy and a continent diversion.
A urostomy involves the creation of a stoma in the abdomen which is connected to a conduit
inside the body such as a short segment of the small intestine submucosa (SI) such as the ileum,
colon or jejunum. In this procedure, the other end of the short SI is connected to the ureters
which normally carry urine from the kidney to the bladder. Urine flows through the ureters into
the short SI and out the stoma to an external collection reservoir. An alternative of this
procedure is the attach the ureters directly to a stoma, also called a ureterostomy. A continent
diversion involves the creation of a pouch or reservoir inside the body from a section of the
stomach or small or large intestine and the use of a stoma may or may not be required. For
example, a continent cutaneous reservoir may be created by obtaining a segment of the bowel
and modifying it into a more spherical shape. One end of the modified segment is connected to
the ureters and the other to a stoma that leads to an external collection reservoir. Finally, an
orthotopic diversion may created by placing the re-shaped segment in place of the original
bladder by connecting one end to the ureters and the other end to the urethra so the individual
may urinate through the urethra instead of through a stoma.

Although small intestinal submucosa (SI) may be used for urinary diversion, it has been
reported that the removal of the mucosa and submucosa may lead to retraction of the intestinal
segment (see, e.g., Atala, A., J. Urol. 156:338 (1996)). Other problems have been reported with
the use of certain gastrointestinal segments for bladder surgery including stone formation,
increased mucus production, neoplasia, infection, metabolic disturbances, long term contracture

and resorption. The use of natural materials for urinary diversion has shown that bladder tissue,
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with its specific muscular elastic properties and urothelial impermeability functions, cannot be
easily replaced. In addition, the use of a patient’s own bowel segments for urinary diversion
requires at least two different surgical procedures where a first surgery is performed to remove a
segment and a second surgery to install the urinary diversion. The requirement of multiple
surgeries increases the overall cost of the procedures, the risk to the patient, and patient’s overall
comfort.

Therefore, due to the multiple complications associated with the use of gastrointestinal
segments for urinary diversion and requirement for multiple surgical procedures, there exists a
need for methods and devices for providing urinary diversion systems to patients in need of such
a system.

Urinary incontinence is a prevalent problem that affects people of all ages and levels of
physical health, both in the community at large and in healthcare settings. Medically, urinary
incontinence predisposes a patient to urinary tract infections, pressure ulcers, perineal rashes,
and urosepsis. Socially and psychologically, urinary incontinence is associated with
embarrassment, social stigmatization,v depression, and especially for the elderly, an increased
risk of institutionalization (Herzo et al., Ann. Rev. Gerontol. Geriatrics, 9:74 (1989)).
Economically, the costs are astounding; in the United States alone, over ten billion dollars per
year is spent managing incontinence.

Incontinence can be attributed to genuine urinary stress (bladder and urethra
hypermobility), to intrinsic sphincter deficiency. ("ISD"), or both. It is especially prevalent in
women, and to a lesser extent incontinence is present in children (in particular, ISD), and in men
following radical prostatectomy.

Stress incontinence is an involuntary loss of urine that occurs during physical activities
‘which increase intra-abdominal pressure, such as coughing, sneezing, laughing, or exercise. A
person can suffer from one or both types of incontinence, and when suffering from both, it is
called mixed incontinence. Despite all of the knowledge associated with incontinence, the
majority of cases of urge incontinence are idiopathic, which means a specific cause cannot be
identified. Urge incontinence may occur in anyone at any age, and it is more common in women
and the elderly.

The detrusor is the bladder wall muscle that contracts to expel the urine from the bladder.
Consequences of detrusor malfunction such as hyperreflexia include poor bladder compliance,
high intravesical pressure, and reduction in bladder capacity, all of which may result in
deterioration of the upper urinary tract.

One current treatment for urge incontinence is injection of neurotoxins, such as

botulinum toxin, e.g., Botox®. It is thought that botulinum toxin exerts its effect on bladder
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hyperactivity by paralyzing the detrusor muscle in the bladder wall or possibly impacting
afferent pathways in the bladder and reducing sensory receptors in suburothelial nerves. The
large size of the botulinum toxin molecule can limit its ability to diffuse, and thus prohibits it
from reaching both afferent and efferent nerve fibers. As a result, current methods of
administration for overactive bladder (OAB), for example, require many injections (typically 20
to 50) of botulinum toxin into the bladder muscle wall, thus increasing the number of doctor
visits and associated cost of treatment. Moreover, the safety of chronic long-term impact of
inhibition of sensory neurotransmitter release from bladder has not yet been determined.

Further approaches for treatment of urinary incontinence involve administration of drugs
with bladder relaxant properties, with anticholinergic medications representing the mainstay of
such drugs. For example, anticholinergics such as propantheline bromide, and combination
smooth muscle relaxant/anticholinergics such as racemic oxybutynin and dicyclomin, have been
used to treat urge incontinence. (See, e.g., A. J. Wein, Urol. Clin. N. Am., 22:557 (1995)). Often,
however, such drug therapies do not achieve complete success with all classes of incontinent
patients, and often results in the patient experiencing significant side effects.

Besides drug therapies, other options used by the skilled artisan prior to the present
invention include the use of artificial sphincters (Lima S. V. C. et al., J. Urology, 156:622-624
(1996), Levesque P. E. et al., J. Urology, 156:625-628 (1996)), bladder neck support prosthesis
(Kondo A. et al., J. Urology, 157:824-827 (1996)), injection of cross-linked collagen (Berman C.
J. et al., J. Urology, 157:122-124 (1997), Perez L. M. et al., J. Urology, 156:633-636 (1996);
Leonard M. P. et al., J. Urology, 156:637-640 A(1996)), and injection of polytetrafluoroethylene
(Perez L. M. et al., J. Urology, 156:633-636 (1996)).

A recent well known approach for the treatment of urinary incontinence associated with
ISD is to subject the patient to periurethral endoscopic collagen injections. This augments the
bladder muscle in an effort to reduce the likelihood of bladder leakage or stress incontinence.

Existing solutions to circumvent incontinence have well known drawbacks. While
endoscopically directed injections of collagen around the bladder neck has a quite high success
rate in sphincter deficiency with no significant morbidity, the use of collagen can result in
failures that occur after an average of two years and considerations need to be given to its cost
effectiveness (Khullar V. et al., British J. Obstetrics & Gynecology, 104:96-99 (1996)). In
addition, deterioration of patient continency, probably due to the migration phenomena (Perez L.
M. et al.) may require repeated injections in order to restore continency (Herschomn S. et al., J.
Urology. 156:1305-1309 (1996)).

The results with using collagen following radical prostatectomy for the treatment of

stress urinary incontinence have also been generally disappointing (Klutke C. G. et al., J.



10

15

20

25

30

35

WO 2011/112626 PCT/US2011/027609

Urology, 156:1703-1706 (1996)). Moreover, one study provides evidence that the injection of
bovine dermal collagen produced specific antibodies of IgG and IgA class. (McCell and, M. and
Delustro, F. , J. Urology 155, 2068-2073 (1996)). Thus, possible patient sensitization to the
collagen could be expected over the time.

Despite of the limited success rate, transurethral collagen injection therapy remains an
acceptable treatment for intrinsic sphincter deficiency, due to the lack other suitable alternatives.

At present, individuals who suffer from Overactive Bladder Disorders or Urge
Incontinence are initially treated by physicians with non-invasive pharmaceutical medical
products. However, if these non-invasive pharmaceutical products fail, physicians offer a more
invasive solution.

Thus, a need exists for a minimally invasive method of enlarging an existing laminarily
organized luminal organ or tissue structure, e.g., a bladder.

Tissue engineering principles have been applied to successfully provide implantable cell-
seeded matrices for use in the reconstruction, repair, augmentation or replacement of laminarily
organized luminal organs or tissue structures, such as a bladder, a portion of a bladder, or a
bladder component. As described in Atala U.S. Patent 6,576,019 (incorporated herein by
reference in its entirety), cells may be derived from the patient’s own tissue, including the
bladder, urethra, ureter, and other urogenital tissue. However, there are challenges associated
with a dependence upon the development and maintenance of cell culture systems from the
primary organ site as the basic unit for developing new and healthy engineered tissues. For
example, the treatment of a defective bladder poses a particular challenge regarding cell sourcing
because it stands to reason that culturing bladder cells from a defective bladder will result in the
cultured cells also being defective. Such cells are not a wise choice for populating an
implantable neo-bladder scaffold or matrix. As such there is a need for alternative sources of
cells that are suitable for seeding on implantable neo-organ/tissue structure scaffold or matrix.

As described by Jayo et al. Regen. Med. (2008) 3(5), 671-682 (hereinafter referred to as
“Jayo I”), attempts to repair organs or tissue have been characterized by incomplete tissue
replacement frequently with collagen deposition, and in some cases scar tissue formation. Jayo
et al. also observed a more desirable outcome of tissue engineering is regeneration of the original
structure and function of a tissue structure or organ. See also Jayo et al., J. Urol. (2008) 180;392-
397 (hereinafter referred to as “Jayo II”). Certain molecules are believed to be associated with
the regenerative process in vivo. For example, the chemokine MCP-1 is best known for its
ability to recruit mononuclear cells. However, it also appears to be a potent mitogen for vascular
smooth muscle cell proliferation. MCP-1 recruits circulating monocytes to the area of vessel

injury, which in turn are typically transformed to macrophages that can serve as reservoirs for
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cytokines and growth factors. Macrophages also ingest cholesterol and oxidize lipids.
Macrophages and muscle precursor cells are both believed to be targets for MCP-1 signaling.
The CCR-2 receptor is the ligand for MCP-1 (CCL2) and CCR-2 deficient mice show a
regeneration defect with enhanced adipogenesis/fibrosis. Sections from CCR-2 deficient mice
when challenged with skeletal muscle regeneration demonstrated the following in comparison to
normal mice: more interstitial space, a high number of inflammatory cells, large round swollen
myofibers, more fibroblast accumulation in interstitial space, fat infiltration with collagen
distribution around fat deposits, and fibrosis accompanied by calcium deposition (Warren et al.
(2005), FASEB 1J.19:413-415; Selzman et al. (2002), Am J Physiol Heart Circ Physiol.
283(4);H1455-H1461; Shannon et al. (2007), Am. J. Cell Physiol. 292:C953-C967; Shireman et
al. (2006), J. Surg. Res. 134(1):145-57. Epub 2006 Feb 20; Amann et al. (1998), Brit. J. Urol.
82:118-121; Schecter et al. (2004), J. Leukocyte Biol.75:1079-1085; Deonarine et al.,(2007),
Transl Med. 5:11; Lumeng et al. (2007), J Clin. Invest. 117(1): 175-184).

The present invention concerns cell populations derived from peritoneal tissue sources,
methods of isolating such cells, neo-organ/tissue structure scaffolds or matrices seeded with such
cells (constructs) and methods of making the same, as well as methods of treating a patient in

need using such neo-organ/tissue structure constructs.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides implantable constructs for the regeneration,

reconstruction, augmentation, or replacement of a laminarly organized luminal organ or tissue
structure in a subject in need of such treatment. In one embodiment, the implantable construct
includes: a) a matrix having a first surface, wherein the matrix is shaped to conform to at least a
part of a native luminal organ or tissue structure in a subject in need; and b) a peritoneal-derived
cell population deposited on or in the first surface of the matrix, the matrix and cell population
forming an implantable construct. In another embodiment, the cell population is a smooth
muscle cell (SMC) population. In another aspect, the present invention provides methods for the
reconstruction, augmentation, or replacement of a laminarly organized luminal organ or tissue
structure in a subject in need of such treatment. In one embodiment, the method includes the
step of implanting a construct into the subject at the site of treatment for the formation of the
laminarily organized luminal organ or tissue structure. In one other aspect, the present invention
provides methods of preparing an implantable construct for the reconstruction, augmentation, or
replacement of a laminarly organized luminal organ or tissue structure in a subject in need of
such treatment. In one embodiment, the method includes the step of providing a matrix having a

first surface, wherein the matrix is shaped to conform to at least a part of a native luminal organ
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or tissue structure in the subject. In another embodiment, the method includes the step of
depositing a peritoneal-derived cell population on or in the first surface of the matrix to form the
implantable construct. In one other embodiment, the method provides an implantable construct.

In another aspect, the present invention provides implantable constructs for use as a neo-
urinary conduit. In one embodiment, the construct includes a) a tubular matrix having a first
surface adapted to allow the passage of fluid from a native vessel in a subject in need; and b) a
peritoneal-derived cell population deposited on or in the first surface of the matrix, the matrix
and cell population forming an implantable construct. In another embodiment, the cell
population is a smooth muscle cell (SMC) population. The tubular matrix may have a first end.
In one embodiment, the first end may be configured or shaped to contact the subject’s abdominal
wall. The first end may be configured or shaped for anastomosis to an opening in the subject’s
abdominal wall. In another embodiment, the first end may be configured such that it can be
exteriorized to the subject’s skin. In one other embodiment, the first end of the tubular matrix
forms a stoma external to the subject upon implantation. The first end includes a stomal end
extending through the subject’s abdominal wall. In one embodiment, the stomal end is
connected to the subject’s skin. Upon implantation, the construct forms forms an epithelialized
mucosa at the stomal end. The epithelialized mucosa may include a mucocutaneous region at
the stomal end. In one embodiment, the epithelialized mucosa may have a vestibular region
adjacent to the mucocutaneous region. The epithelialized mucosa may be characterized by an
epithelium that first appears in the vestibular region and gradually increases through the
mucocutaneous region towards the stomal end. In another embodiment, the epithelium is
characterized by expression of an epithelial cell marker. The epithelialized mucosa is equivalent
to a naturally-occurring mucocutaneous region.

In yet another embodiment, the tubular matrix further includes a first side opening for
connection to the native vessel. The native vessel may be a first ureter. In one embodiment, the
tubular matrix further includes a second end shaped for connection to a second ureter. The
tubular matrix may further include a second side opening shaped for connection to a second
ureter. In another embodiment, the construct is shaped to allow the passage of fluid from the the
first and/or second side opening to the interior of the tubular matrix. In one other embodiment,
the construct is further shaped to allow the passage of fluid from the interior of the tubular
matrix to the exterior through the first end of the tubular matrix. Upon implantation, the
construct allows for the passage of urine from the first and/or second ureter to the interior of the
tubular matrix upon implantation. In addition, the construct allows for the passage of urine out
of the subject from the interior of the matrix upon implantation. In one other aspect, the present

invention provides methods of providing an implantable construct for a defective bladder in need



10

15

20

25

30

WO 2011/112626 PCT/US2011/027609

of such treatment. In one embodiment, the method includes the step of implanting a construct
described herein. In another aspect, the present invention provides methods of preparing an
implantable construct for the reconstruction, augmentation, or replacement of a laminarly
organized luminal organ or tissue structure in a subject in need of such treatment. In one
embodiment, the method includes the step of providing a matrix having a first surface, wherein
the matrix is shaped to conform to at least a part of a native luminal organ or tissue structure in
the subject. In another embodiment, the method further includes the step of depositing a
peritoneal-derived cell population on or in said first surface of the matrix to form said
implantable construct.

In another aspect, the implantable constructs described herein include a smooth muscle
cell population but are free of additional cell populations. In one embodiment, the constructs are

free of urothelial cells.

Brief Description of the Drawings

Figure 1A-D shows examples of bladder augmentation scaffolds.

Figure 2A-D shows examples of bladder replacement scaffolds.

Figure 3A shows an example of a urinary diversion or conduit scaffold. Figure 3B-C
shows an example of a urinary diversion construct having different types of cross-sectional
areas, as well as potential positions for openings that may be configured to connect to ureter(s).
Figure 3C illustrates variations of a urinary diversion construct (A: open claim ovoid; B: open
claim ovoid receptacle; C: closed ovoid receptacle and three tubes).

Figure 4 shows different applications of a urinary diversion or conduit construct.

Figure 5A-B show examples of a muscle equivalent scaffold.

Figure 6 depicts images of various muscle equivalent scaffolds in the form of patches or
strips. '

Figure 7 depicts different muscle equivalent scaffolds and representative methods of
implantation. Figure 7A depicts formation of a flat sheet of scaffold. Figure 7B depicts a
laparoscopically-suited scaffold which can be rolled at the time of implantation and fed through
a laparoscopic tube and unrolled in the abdominal cavity. Figure 7C depicts formation of a
laparoscopically-suited scaffold sheet in a rolled configuration to facilitate insertion through a
laparoscopic tube, after which it is unrolled in the abdominal cavity. Figure 7D depicts
formation of a laparoscopically-suited scaffold sheet in a folded configuration or accordion style
to facilitate insertion through the tube, after which it is unfolded in the abdominal cavity. Figure

7E depicts possible surgical methods for the implantation of a muscle equivalent scaffold.
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Figure 7F depicts implantation sites on an empty and full bladder. Figure 7G depicts a urinary
bladder model with surgical slit showing ellipsoid created upon sectioning of surface.

Figure 8 depicts a pre-folded accordion style scaffold sheet to facilitate insertion through
a laparoscope port.

Figure 9A depicts scaffold pre-cut into strips, then sutured together to allow stacking and
insertion into the laparoscope port and secured in place in the abdominal cavity. Figure 9B
depicts one scaffold of 18.7 cm in length by 2.0 cm in width having 2 folds. Figure 9C depicts
one scaffold of 13.3 cm in length by 2.8 cm in width having 3 folds. Figure 9D depicts one
scaffold of 9.7 cm in length by 4.0 cm in width having 4 folds. Figure 9E depicts one scaffold
comprised of two pieces, 2 folds each, of 9.7 cm in length and 2.0 cm in width.

Figure 10 shows an example of a configuration for an implanted conduit construct.

Figure 11A depicts an exemplary configuration for a Neo-Urinary Conduit scaffold.
Figure 11B depicts two alternative configurations (A and B) for an implanted Neo-Urinary
Conduit scaffold.

Figure 12 shows an example of the implanted components of a permanent urinary
diversion construct.

Figure 13 depicts other applications of the urinary diversion constructs.

Figure 14 depicts steps of a representative protocol for cell isolation from peritoneal
tissue.

Figure 15 shows cell morphology of canine- and porcine-derived cells.

Figure 16A-B shows the expression of smooth muscle alpha-actin and calponin in
canine-derived bladder cells. Figure 16C-D shows the expression of smooth muscle alpha-actin
and calponin in canine-derived omentum cells.

Figure 17A-C show phenotype by FACS of canine omentum-derived cells SMC,
epithelial and endothelial antigenic markers.

Figure 18A-C show phenotype by FACS of canine omentum-derived cells SMC,
epithelial and endothelial antigenic markers.

Figure 19 shows immuno-fluorescence analysis of smooth muscle cell associated
markers from omentum- and bladder-derived canine SMCs.

Figures 20A-B show immuno-fluorescence analysis of canine omentum-derived cells
showing epithelial, endothelial and SMC antigenic markers.

Figure 21 shows immuno-fluorescence analysis of smooth muscle cell associated
markers from omentum- and bladder-derived porcine SMCs.

Figure 22 depicts SMC gene expression by canine-derived cells by PCR.

Figure 23 depicts SMC gene expression by canine-derived cells by PCR.



10

15

20

25

30

WO 2011/112626 PCT/US2011/027609
10
Figure 24 depicts SMC gene expression by porcine-derived cells by PCR.

Figure 25 shows contractile phenotype of canine-derived omentum cells.

Figure 26 shows immuno-fluorescence analysis of canine omentum-derived cells SMC
inside scaffold.

Figure 27 depicts MCP1 protein secretion from omentum-derived SMC inscide scaffold.

Figure 28 shows immuno-fluorescence analysis of ECM production by omentum-
derived cells in scaffold.

Figure 29 depicts omentum-derived SMC metabolism inside scaffold.

Figure 30 depicts characteristics of a Neo-Urinary Conduit following implantation.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the regeneration,' reconstruction, augmentation or
replacement of laminarly organized luminal organs or tissue structures in a subject in need using
scaffolds seeded with cells obtained from peritoneal tissue sources. In another aspect, the
present invention provides implantable constructs for use as a neo-urinary conduit that contain
cells obtained from peritoneal tissue sources.

The present invention concerns cell populations derived from a peritoneal tissue source,
methods of isolating such cells, neo-organ/tissue structure scaffolds or matrices seeded with such
cells (constructs) and methods of making the same, and methods of treating a patient in need
using such neo-organ/tissue structure constructs. The constructs of the present invention may be
used for the reconstruction, augmentation or replacement, or regeneration of an organ or tissue

structure as described herein.

1. Definitions

Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Principles of Tissue Engineering, 3" Ed. (Edited by R Lanza, R Langer, & J Vacanti),
2007 provides one skilled in the art with a general guide to many of the terms used in the present
application.

One skilled in the art will recognize many methods and materials similar or equivalent to
those described herein, which could be used in the practice of the present invention. Indeed, the
present invention is in no way limited to the methods and materials described. For purposes of

the present invention, the following terms are defined below.
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The term “smooth muscle cell” or “SMC” as used herein refers to a contractile cell that is
derived from a source that is different from the native organs or tissues that are the subject of the
reconstruction, repair, augmentation or replacement constructs and methods as described herein.
The smooth muscle cells provided by the present invention, once seeded and cultured on the
scaffolds or matrices described herein, are capable of forming the non-striated muscle that is
found in the walls of hollow organs (e.g. bladder, abdominal cavity, gastrointestinal tract, etc.)
and characterized by the ability to contract and relax. Those of ordinary skill in the art will
appreciate other attributes of smooth muscle cells.

The term “cell population” as used herein refers to a number of cells obtained by
isolation directly from a suitable mammalian tissue source and subsequent culturing in vitro.
Those of ordinary skill in the art will appreciate that various methods for isolating and culturing
cell populations for use with the present invention and the various numbers of cells in a cell
population that are suitable for use in the present invention and the various numbers of cells in a
cell population that are suitable for use in the present invention. The cell population may be a
smooth muscle cell population (SMC) derived from peritoneal tissue. The peritoneal tissue may
be omentum tissue. The SMC population may be characterized by the expression of markers
associated with smooth muscle cells. The SMC population may also be a purified cell
population. The SMC population may be derived from an autologous or non-autologous source.

The term “autologous” refers to derived or transferred from the same individual’s body.
An autologous smooth muscle cell population is derived from the subject who will be recipient
of an implantable construct as described herein.

The term “non-autologous” refers to derived or transferred from a donor who will not be
the recipient of an implantable construct as described herein. Such non-autologous sources
include sources that are allogeneic, syngeneic (autogeneic or isogeneic), and any combination
thereof.

The term “marker” or “biomarker” refers generally to a DNA, RNA, protein,
carbohydrate, or glycolipid-based molecular marker, the expression or presence of which in a
cultured cell population can be detected by standard methods (or methods disclosed herein) and
is consistent with one or more cells in the cultured cell population being a particular type of cell.
In general, the term cell “marker” or “biomarker” refers to a molecule expressed in a cell
population described herein that is typically expressed by a native cell. The marker may be a
polypeptide expressed by the cell or an identifiable physical location on a chromosome, such as
a gene, a restriction endonuclease recognition site or a nucleic acid encoding a polypeptide (e.g.,

an mRNA) expressed by the native cell. The marker may be an expressed region of a gene
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referred to as a “gene expression marker”, or some segment of DNA with no known coding
function.

The term “smooth muscle cell marker” refers to generally to a DNA, RNA, protein,
carbohydrate, or glycolipid-based molecular marker, the expression or presence of which in a
cultured cell population can be detected by standard methods (or methods disclosed herein) and
is consistent with one or more cells in the cultured cell population being a smooth muscle cell.
In general, the term smooth muscle cell (SMC) “marker” or “biomarker” refers to a molecule
that is typically expressed by a native smooth muscle cell. The marker may be a polypeptide
expressed by the cell or an identifiable physical location on a chromosome, such as a gene, a
restriction endonuclease recognition site or a nucleic acid encoding a polypeptide expressed by
the SMC. The marker may be an expressed region of a gene referred to as a “gene expression
marker”, or some segment of DNA with no known coding function. Such markers contemplated
by the present invention include, but are not limited to, one or more of the following: myocardin,
alpha-smooth muscle actin, calponin, myosin heavy chain, BAALC, desmin, myofibroblast
antigen, SM22, and any combination thereof.

The terms ‘“differentially expressed gene”, “differential gene expression” and their
synonyms, which are used interchangeably, refer to a gene whose expression is activated to a
higher or lower level in a first cell or cell population, relative to its expression in a second cell or
cell population. The terms also include genes whose expression is activated to a higher or lower
level at different stages over time during passage of the first or second cell in culture. It is also
understood that a differentially expressed gene may be either activated or inhibited at the nucleic
acid level or protein level, or may be subject to alternative splicing to result in a different
polypeptide product. Such differences may be evidenced by a change in mRNA levels, surface
expression, secretion or other partitioning of a polypeptide, for example. Differential gene
expression may include a comparison of expression between two or more genes or their gene
products, or a comparison of the ratios of the expression between two or more genes or their
gene products, or even a comparison of two differently processed products of the same gene,
which differ between the first cell and the second cell. Differential expression includes both
quantitative, as well as qualitative, differences in the temporal or cellular expression pattern in a
gene or its expression products among, for example, the first cell and the second cell. For the
purpose of this invention, “differential gene expression” is considered to be present when there
is an at least about one-fold, at least about 1.5-fold, at least about 2-fold, at least about 2.5-fold,
at least about 3-fold, at least about 3.5 fold, at least about 4-fold, at least about 4.5-fold, at least
about 5-fold, at least about 5.5-fold, at least about 6-fold, at least about 7-fold, at least about 8-
fold, at least about 9-fold, at least about 10-fold, at least about 10.5-fold, at least about 11-fold,
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at least about 11.5-fold, at least about 12-fold, at least about 12.5-fold, at least about 13-fold, at
least about 13.5-fold, at least about 14-fold, at least about 14.5-fold, or at least about 15-fold
difference between the expression of a given gene in the first cell and the second cell, or at
different stages over time during passage of the cells in culture.

The terms “inhibit”, “down-regulate”, ‘‘under-express” and “reduce” are used
interchangeably and mean that the expression of a gene, or level of RNA molecules or
equivalent RNA molecules encoding one or more proteins or protein subunits, or activity of one
or more proteins or protein subunits, is reduced relative to one or more controls, such as, for
example, one or more positive and/or negative controls.

The term “up-regulate” or “over-express” is used to mean that the expression of a gene,
or level of RNA molecules or equivalent RNA molecules encoding one or more proteins or
protein subunits, or activity of one or more proteins or protein subunits, is elevated relative to
one or more controls, such as, for example, one or more positive and/or negative controls.

The term “contractile function” refers to smooth muscle contractile function involving
the interaction of sliding actin and myosin filaments, which is initiated by calcium-activated
phosphorylation of myosin thus making contraction dependent on intracellular calcium levels.

The term “peritoneal tissue” shall generally mean tissue originating from the peritoneum
including, without limitation, parietal peritoneum, visceral peritoneum, and omentum. The
peritoneal tissue may be in intimate contact with internal organs including, without limitation,
the stomach, liver, and/or intestines. Omentum tissue may be obtained from different sources
including, without limitation, the greater omentum and the lesser omentum. Omentum tissue
can be obtained via an incision and a biopsy.

The term “construct” refers to at least one cell population deposited on or in a surface of
a scaffold or matrix made up of one or more synthetic or naturally-occurring biocompatible
materials. The cell population may be combined with a scaffold or matrix in vitro or in vivo.

The term “sample” or “patient sample” or “biological sample” shall generally mean any
biological sample obtained from an individual, body fluid, body tissue, cell line, tissue culture,
or other source. The term includes body fluids such as, for example, blood such as peripheral
blood or venous blood, urine and other liquid samples of biological origin, such as lipoaspirates,
and solid tissue biopsies such as a biopsy specimen (e.g., peritoneal tissue biopsy), or tissue
cultures or cells derived therefrom, and the progeny thereof. The definition also includes
samples that have been manipulated in any way after they are obtained from a source, such as by
treatment with reagents, solubilization, or enrichment for certain compenents, such as proteins or
polynucleotides. The definition also encompasses a clinical sample, and also includes cells in

culture, cell supernatants, cell lysates, serum, plasma, biological fluid, and tissue samples. The
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source of a sample may be solid tissue, such as from fresh, frozen and/or preserved organ or
tissue sample or biopsy or aspirate; blood or any blood constituents; bodily fluids such as
cerebral spinal fluid, amniotic fluid, peritoneal fluid, or interstitial fluid; cells from any time in
the development of the subject. The biological sample may contain compounds which are not
naturally present with or in the tissue in nature such as preservatives, anticoagulants, buffers,
fixatives, nutrients, antibiotics, or the like. The sample can be used for a diagnostic or
monitoring assay. Methods for obtaining samples from mammals are well known in the art. If
the term “sample” is used alone, it shall still mean that the “sample” is a “biological sample” or
“patient sample”, i.e., the terms are used interchangeably. A sample may also be a test sample.

The term “test sample” refers to a sample from a subject following implantation of a
construct described herein. The test sample may originate from various sources in the
mammalian subject including, without limitation, blood, serum, urine, semen, bone marrow,
mucosa, tissue, etc.

The term “control” or “control sample” refers a negative control in which a negative
result is expected to help correlate a positive result in the test sample. Alternatively, the control
may be a positive control in which a positive result is expected to help correlate a negative result
in the test sample. Controls that are suitable for the present invention include, without
limitation, a sample known to have normal levels of a cytokine, a sample obtained from a
mammalian subject known not to have been implanted with a construct described herein, and a
sample obtained from a mammalian subject known to be normal. A control may also be a
sample obtained from a subject prior to implantation of a construct described herein. In
addition, the control may be a sample containing normal cells that have the same origin as cells
contained in the test sample. Those of skill in the art will appreciate other controls suitable for
use in the present invention.

The term “patient” refers to any single animal, more preferably a mammal (including
such non-human animals as, for example, dogs, cats, horses, rabbits, zoo animals, cows, pigs,
sheep, and non-human primates) for which treatment is desired. Most preferably, the patient
herein is a human.

The term “subject” shall mean any single human subject, including a patient, eligible for
treatment, who is experiencing or haé experienced one or more signs, symptoms, or other
indicators of a deficient organ function or failure, including a deficient, damaged or non-
functional urinary system. Such subjects include, without limitation, subjects who are newly
diagnosed or previously diagnosed and now experiencing a recurrence or relapse, or are at risk
for deficient organ function or failure, no matter the cause. The subject may have been

previously treated for a condition associate with deficient organ function or failure, or not so
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treated. Subjects may be candidates for a urinary diversion including, without limitation,
subjects having cancer of the bladder requiring a cystectomy, subjects having a neurogenic
bladder that impacts renal function, subjects having radiation injury to the bladder, and subjects
having intractable incontinence. The subject may be newly diagnosed as requiring a urinary
diversion, or previously diagnosed as requiring a urinary diversion and now experiencing
complications, or at risk for a deficient, damaged or non-functional urinary system, no matter the
cause. The subject may have been previously treated for a condition associated with a deficient,
damaged or non-functional urinary system, or not so treated.

The term “urinary diversion” or “conduit” refers to the resulting organ or tissue structure
resulting from the subject’s interaction over time with an implanted urinary diversion construct,
anastomosed ureters, and optionally an adjacent atrium. The atrium is the anterior connecting
chamber that allows for urine passage through the abdominal wall and may be made by the most
anterior tube-like portion of a peritoneal wrap connecting the caudal end of the construct
(located in the intra-abdominal cavity) to the skin.

The terms “caudal” and “cranial” are descriptive terms relating to the urinary production
and flow. The term “caudal” refers to the end of the urinary diversion construct that upon
implantation is closest to the stoma, while the term ‘“cranial” refers to the end of the urinary
diversion construct that upon implantation is closest to the kidneys and ureters.

The term “detritis” refers to debris formed during the healing and regenerative process
that occurs following implantation of a urinary diversion construct. Detritis can be made up of
exfoliated tissue cells, inflammatory exudate and scaffold biodegradation. If the conduit is
obstructed (improper outflow) by such debris, then the stagnated debris forms a detritis or
semisolid bolus within the lumen of the conduit.

The term “debridement” refers to surgical or non-surgical removal of foreign matter, or
lacerated, devitalized, contaminated or dead tissue from a conduit in order to prevent infection,
prevent obstruction, and to promote the healing process. The debridement may involved the
removal of detritis.

The term “‘stoma” refers to a surgically created opening used to pass urine from the
draining outflow end of a urinary diversion construct to outside the body. The urine is typically
collected in a reservoir outside the body.

The term “stoma port” or “stoma button” refers to means, such as a device used to

maintain the integrity of the stoma opening.

13 L3

The term “expanding” or “enlarging” as used herein refers to increasing the size of the
existing laminarily organized luminal organ or tissue structure. For example, in one aspect of the

invention, the existing laminarily organized luminal organ or tissue structure may be enlarged by
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29 percent. In another

aspect of the invention, the existing laminarily organized luminal organ or tissue structure may
be enlarged such as to increase the existing volumetric capacity of the existing laminarily
organized luminal organ or tissue structure.

The term “volumetric capacity” as used herein refers to the amount of liquid capable of
being contained in a defined area.

“Regeneration prognosis” or “regenerative prognosis” generally refers to a forecast or
prediction of the probable course or outcome of the implantation of a construct described herein.
As used herein, regeneration prognosis includes the forecast or prediction of any one or more of
the following: development or improvement of a functional bladder after bladder replacement or
augmentation, development of a functional urinary diversion after conduit implantation,
development of improved bladder capacity, and development of improved bladder compliance.
As used herein, “prognostic for regeneration” means providing a forecast or prediction of the
probable course or outcome of the implantation of a new organ or tissue structure. In some
embodiments, “prognostic for regeneration” comprises providing the forecast or prediction of
(prognostic for) any one or more of the following: development or improvement of a functional
bladder after bladder replacement or augmentation, development of a functional urinary
diversion after conduit implantation, development of bladder capacity or improved bladder
capacity, and development of bladder compliance or improved bladder compliance.

“Regenerated tissue” refers to the tissue of a new organ or tissue structure that develops
after implantation of a construct as described herein. The organ or tissue structure may be a
bladder or a part of a bladder. The regenerated tissue may include a continous urothelium with

underlying smooth muscle.

2. Cell populations

The present invention provides populations of smooth muscle cells for use in the
reconstruction, augmentation or replacement of laminarly organized luminal organs or tissue
structures in which the cell population comprises at least one cell that has contractile function
and is positive for one or more smooth muscle cell markers.

As discussed herein, tissue engineering principles have been successfully applied to
provide implantable cell-seeded matrices for use in the reconstruction, augmentation or
replacement of laminarily organized luminal organs and tissue structures, such as a bladder or a
bladder component, typically composed of urothelial and smooth muscle layers. (Becker et al.
Eur. Urol. 51, 1217-1228 (2007); Frimberger et al. Regen. Med. 1, 425-435 (2006); Roth et al.
Curr. Urol. Rep. 10, 119-125 (2009); W~ T Opin. Urol. 18, 564-569). Smooth
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muscle cells may be derived from the patient’s own tissue, including the bladder, urethra, ureter

and other urogenital tissue. However, there are challenges associated with dependence upon the
development and maintenance of cell culture systems from the primary organ site as the basic
unit for developing new and healthy engineered tissues, as for example during treatment of
cancerous bladder tissue. Clearly, such cancerous cells are inappropriate for populating an
implantable neo-bladder scaffold or matrix.

The present invention provides cell populations that are derived from sources that are
different from the organ or tissue structure that is the subject of the reconstruction, augmentation
or replacement. In one embodiment, the source is an autologous source. In another
embodiment, the source is a non-autologous source.

In another aspect, the cell population expresses markers consistent with or typical of a
smooth muscle cell population.

In one other aspect, the present invention provides smooth muscle cell populations
isolated from sources that are different from the luminal organ or tissue structure that is the
subject of the reconstruction, repair, augmentation or replacement. In a preferred embodiment,
the luminal organ or tissue structure is a bladder or p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>