
DECELLULARIZED OMENTUM MATRIX AND USES THEREOF FIELD
OF THE INVENTION [0001] The invention relates
generally to the field of biomatrix for tissue repair
and regeneration. The invention concerns methods for
extracting fat from omentum, processes for preparation
of decellularized omentum and the application of
decellulahzed omentum for tissue repair and tissue
engineering. BACKGROUND OF THE INVENTION [0002]
Extracellular matrix (ECM) is an important structural
component of connective tissues. ECM elaborated by
cells creates microenvironments that these and other
cells will respond to, by differentiating or
maintaining their differentiated state. ECM provides a
substrate for organization of cells which adhere to
it. [0003] Tissue based ECM biomaterial and devices
are used for a variety of medical applications, such
as heart valves, porcine SIS, human dermis and bovine
pericardium. The application of decellularized tissues
as tissue engineering scaffolds for regenerative
medicine, however, is limited due to a lack of
vascular tracks for angiogenesis, which is vital for
tissue ingrowth and the viability and functionality of
seeded cells. Tissue that is highly vascularized with
the vascular tracks maintained during the
decellulahzation process would be welcomed in the
art.[0004] The greater omentum is the largest
peritoneal fold covering the intra-abdominal organs.
The greater omentum is highly 



vascularized, is usually thin and elastic and always
contains some fat. As such, the greater omentum has
been used in clinical applications, such as intestinal
surgery, thoracic esophageal surgery, chronic, non
healing skin wounds, hernia and pelvic floor repair,
bladder repair and the like. [0005] Because the
vascular channels of decellularized omentum can serve
as tracks for neovascularization, omentum is a desired
material for clinical application. The fat within the
omentum, however, is difficult to remove using methods
and procedures known in the art for decellularizing
soft mammalian tissue. Thus, effective use of
decellularized omentum for biomathcies, including as a
tissue based ECM biomatehal is limited because, in
part, the processes and methods for revitalizing
tissue described in the art cannot effectively extract
the fat from omentum. BRIEF SUMMARY OF THE INVENTION
[0006] The invention concerns methods for extracting
fat from omentum, processes for preparing
decellularized omentum and medical applications of the
processed decellularized omentum matrix. In one
aspect, a process for decellularizing omentum involves
the steps of ( 1) extracting fat from omentum, (2)
removing cells from the omentum that could result in
immune response or graft rejection, (3) disinfection
and (4) terminal sterilization.[0007] Methods for
extracting fat from omentum, which can be applied
within decellulahzation processes described herein as
well as 



in other decellularization are devitalization
processes are aspects of the invention. In an
embodiment, the fat extraction methods include
dehydration of the omentum with one or more
dehydration solvents, such as low molecular weight
organic solvents such as alcohols, followed by fat
extraction with one or more extraction solvents
selected from the group consisting of non-polar
solvents, polar solvents or combinations thereof.
After defatting, the omentum may be rehydrated. In the
methods of the invention some of the fat, all of the
fat and/or substantially all fat is extracted from the
omentum. [0008] Decellulahzed omentum may be used "as
is". Also, the decellularized omentum can used in
other applications such as being formulated into
films, porous 3D scaffolds, particulates and tubular
structures for tissue engineering and regenerative
medicine in combination with cells, minced tissue,
bioactives and other tissue engineering scaffolds.
Omental membrane also has haemostatic properties due
to elevated tissue factor (TF) concentrations. Thus,
decellularized omentum can be used as hemostats.
[0009] Omentum is favored for many applications over
other tissue based ECM biomatehal and devices, such as
dermis. Omentum has many vascular channels which are
preserved in the fat extraction methods and
decellularization processes described herein. These
vascular channels can serve tracks for
neovascularization. The invention provides for
effective extraction of fat from the omentum.
Theability to effectively extract fat from the omentum
enhances the use of 



omentum as a biomathx. [0010] All parts and
percentages set forth in this Specification and the
claims are on a weight-by-weight basis unless
otherwise specified. BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS [001 1] Fig. 1 is a flowchart of
a decellulahzation process in accordance with an
embodiment of the invention. [0012] Fig. 2 is an image
of omentum before and after decellularization. [0013]
Fig. 3 depicts histograms of omentum before and after
decellularization. DETAILED DESCRIPTION OF THE
INVENTION [0014] The present invention concerns
processes for preparing an acellular omentum, i.e.,
devitalized or decellulahzed omentum, comprising
extracellular matrix for implantation into a mammal.
The processes generally have the steps of defatting
and decellularizing tissue, particularly omentum. An
aspect of the invention concerns methods for defatting
omentum. [0015] Defatting for purposes of the
invention refers to extracting the lipid moiety in the
tissue. Decellularization or devitalization for
purposes of the invention refers to removing the
cellular components of an isolated organ, or a part of
an organ, without any significant damageto the
extracellular matrix. The terms decellularized or
decellurization and devitalized or devitalization
shall be used herein interchangeably. 



Devitalized tissue is essentially free from
reproductively and/or metabolically viable cells.
Omentum devoid of reproductively viable cells,
however, could contain metabolically viable cells that
are incapable of increasing the numbers of
metabolically viable cells through the normal process
of meiosis or mitosis. Also, in the omentum devoid of
metabolically viable cells, metabolically dead cells
might be visible in histology sections appearing
similar to a metabolically live cell when viewed with
the use of a microscope; further cellular remnants,
including nucleic acids, small molecular weight
proteins, lipids, and polysaccharides, while the
devitalized tissue retains reproductively non-viable
cells and/or metabolically non viable cells and/or
large molecular weight cytoplasmic proteins, such
proteins including for example, actin to act as a
chemoattractant. Decellularized omentum or devitalized
omentum, refers to omentum having all, some or a
substantial amount of fat and nuclear and cellular
components removed. [0016] Omentum may be harvested
from mammalian species, such as human, swine, bovine,
goat and the like. Following tissue harvesting, the
tissue can be either placed in 0.9% saline for
immediate processing or stored for later use,
preferably at a temperature of about -20 C to about 80
C. [0017] A process for obtaining devitalized omentum
in accordance with the invention is set forth in Fig.
1. This process has the steps ofdefatting omentum and
decellularizing the defatted omentum with the 



further, optional, steps of disinfection and removal
of contaminants. The devitalized omentum obtained from
this process may then be stored until needed for use
or may be used immediately after the devitalization
process is complete. [0018] The method for defatting
the omentum, which may be applied with the
decellularization processes described herein or
applied with other procedures for obtaining
devitalized or decellular omentum, includes
dehydration followed by fat extraction and then
optionally rehydrating the defatted omentum.
Dehydration involves treating the omentum with one or
more dehydration solvents, such one or more treatments
of the omentum with a dehydration solvent(s) and/or
such solvent(s) in solution with water. The one or
more treatments may be sequential steps in the method
performed with solutions having different ratios of
dehydration solvent(s) to water, such as having
gradually reduced amounts of water in the solution for
each successive treatment and the final treatment may
involve the use of pure solvent, i.e., solvent not in
solution with water. After dehydration, the fat may be
extracted from the omentum using one or more
extraction solvent(s), which may occur in one or more
extraction steps. [0019] Low molecular weight organic
solvents may be used for the dehydration solvent. In
an embodiment, the dehydration solvent is one or more
alcohols, such as those selected from the group
consisting of methanol, ethanol, isopropanol, propanol
and combinations thereof.The dehydration solvent may
be in solution with water having about 



60% to about 70% alcohol and about 30% to about 40%
water. [0020] In an embodiment, the defatting method
includes contacting omentum with dehydration solvent
for a period of time such as at least about 30
minutes, typically about 30 minutes to about 72 hours.
The weight ratio of the omentum to dehydration solvent
may be about 1:5 to about 1:100, such as about 1:5 to
about 1:50, typically about 1:10 to about 1:25. The
omentum may be completely submerged within the
dehydration solvent. Dehydration may occur at ambient
temperature, although dehydration at temperatures
above and below ambient temperature is within the
scope of the invention. Embodiments of the defatting
method include one or more dehydration treatments in
dehydration solvent using the same or different
dehydration solvent under the same or different
conditions and weight ratios of omentum to dehydration
solvent. During each dehydration treatment the solvent
may be changed or refreshed periodically. [0021] In an
embodiment of the invention, the defatting method
involves initially contacting the omentum in a first
dehydration solvent having alcohol and water, such as
a solution having from about 60% to about 70% alcohol
and about 30% to about 40% water. The omentum should
be contacted with the first dehydration solvent for at
about 30 minutes at ambient temperature, although
temperatures below or above ambient temperature are
within the scope of the invention. The weight ratio of
the omentum to first dehydration solvent may be about 



1:5 to about 1:50, such as about 1: 10 to about 1:25.
In this firsttreatment, the omentum may be fully
submerged in the first dehydration solvent. [0022]
After the omentum is treated with the first
dehydration solvent, the omentum is contacted with a
second dehydration solvent, such as pure alcohol. In
this second dehydration step, the omentum may be
contacted with the second dehydration solvent for at
least about 30 minutes, such as about 30 minutes to
about 24 hours. The second dehydration step may be
conducted at ambient temperature, although performing
this treatment at temperatures below or above ambient
temperature is within the scope of the invention. The
weight ratio of the omentum to second dehydration
solvent may be about 1:5 to about 1:100, such as about
1:10 to about 1:25. The omentum may be fully contacted
with the second dehydration solvent. [0023] In a
further embodiment, after the second dehydration
treatment the omentum may optionally be subjected to
one or more further dehydration treatment(s). These
further dehydration treatments are conducted under the
same conditions and using the same materials and
amounts as discussed above with respect to the second
dehydration treatment. For example, in an embodiment,
after the second dehydration treatment, a third
dehydration treatment is conducted in which the
omentum from the second dehydration treatment is
contacted with, and may be fully submerged, in a third
dehydration solvent, such as pure alcohol for at least
about 30 minutes, 



such as about 30 minutes to about 24 hours. The weight
ratio of the omentum to third dehydration solvent may
be about 1:5 to about 1:100,such as about 1:10 to
about 1:25. In another embodiment, after the third
dehydration treatment, a fourth dehydration treatment
is performed in which the omentum from the third
dehydration treatment is contacted with, and may be
fully submerged in, a fourth dehydration solvent, such
as pure alcohol, for at least about 30 minutes, such
as about 30 minutes to about 24 hours. The weight
ratio of the omentum to fourth dehydration solvent may
be about 1:5 to about 1: 1 00, such as about 1:10 to
about 1:25. [0024] After dehydrating, the fat is
extracted from the omentum by extraction using one or
more extraction solvents. The extraction solvents may
be non-polar solvent, polar solvent, such as polar
aprotic solvent, or combinations thereof. Examples of
non-polar solvents are non-polar organic solvents such
as hexane, xylene, benzene, toluene, ethyl acetate and
combinations thereof. Polar solvents useful for the
extraction solvent include acetone, dioxane,
acetonithle and combinations thereof. In an
embodiment, the extraction solvent is selected from
acetone, hexane, xylene and combinations thereof. The
extraction solvent may have about 50% to about 90%
nonpolar solvent, such as hexane, xylene and
combinations thereof and about 10% to about 50% polar
solvent, such as acetone. In certain embodiments, the
extraction solvent may have about 50% to about 70%
acetone and about 30% to about 50% hexane. 



[0025] Fat extraction is conducted in fat extraction
steps by contacting the dehydrated omentum with
extraction solvents for a period of time. One or more
fat extraction steps may be conductedusing the same or
different extraction solvent(s) under the same or
different conditions for the same or different periods
of time. In embodiments, the fat extraction may
include contacting the dehydrated omentum with one or
more extraction solvent(s), or combinations of the
extraction solvents, for a period of time of at least
about 30 minutes, such as at least about 60 minutes up
to about 24 hours, or up to about 48 hours, or more.
Further embodiments involve submerging the dehydrated
omentum in the extraction solvent. During each
extraction step the solvent may be changed or
refreshed periodically. In embodiments of the
invention, the weight ratio of dehydrated omentum to
extraction solvent is about 1:3 to about 1:50. [0026]
In an embodiment, the fat extraction is conducted in a
plurality of fat extracting steps. Initially, after
the last dehydration treatment, such as the second
dehydration treatment, third dehydration treatment or
fourth dehydration treatment as discussed above, the
dehydrated omentum is contacted with a first
extraction solvent, such as a polar solvent, such as a
polar aprotic solvent, for at least about 30 minutes,
typically for about 30 minutes to about 24 hours. The
dehydrated omentum may be fully submerged in the first
extraction solvent. In an aspect of the invention, the
weight ratio of dehydrated omentum to first extraction
solvent is about 1:3 to about 1:50, such as 



about 1:5 to about 1:15. In an embodiment, the first
extraction solvent is acetone. [0027] After the first
extraction step the dehydrated omentum is contacted
with a second extraction solvent, such as a mixture of
about30% to about 50% polar solvent and about 50% to
about 70% nonpolar solvent for a period to time of at
least about 60 minutes, such as about 60 minutes to
about 24 hours. In an embodiment, the second
extraction solvent has about 30% to about 50% hexane
and about 70% to about 50% acetone. The dehydrated
omentum may be fully submerged in the second
extraction solvent. In an aspect of the invention, the
weight ratio of dehydrated omentum to second
extraction solvent is about 1:3 to about 1:50, such as
about 1:5 to about 1:15. [0028] Next, the dehydrated
omentum is subjected to a third extraction step which
involves contacting the dehydrated omentum with a
third extraction solvent. In an embodiment, the
dehydrated omentum is contacted with the third
extraction solvent for about 24 hours to about 48
hours and may be submerged in the third extraction
solvent for that period of time. The third extraction
solvent may have from about 70% to about 90% non-polar
solvent and about 10% to about 30% polar solvent, such
as a polar aprotic solvent. An embodiment of the
invention involves a third extraction solvent having
about 70% to about 90% hexane and about 10% to about
30% of acetone. In an aspect of the invention, the
weight ratio of dehydrated omentum to third extraction
solvent is about 1:3 to about 1:50, such as about 1:5
to 



about 1:15. [0029] After the fat extraction, the
defatted omentum is optionally rehydrated. The
defatted omentum maybe re-hydrated by contacting the
defatted omentum with a re-hydration solvent, such as
alcohol or a solution of alcohol in water, such as an
alcohol solution having fromabout 60% to about 70%
alcohol. Low molecular weight alcohols, such as
methanol, ethanol, isopropanol, propanol and
combinations thereof may be used. In an embodiment of
the invention, re-hydration is conducted in one or
more re-hydration treatments, such as two treatments.
In an aspect of the invention, the weight ratio of
defatted omentum to re-hydration solvent in all of
some of the re-hydration treatments is about 1:5 to
about 1:100, such as about 1:10 to about 1:25. The
defatted omentum may be contacted with the
re-hydration solvent for at least 30 minutes, such as
about 30 minutes to about 72 hours, and may be fully
submerged in the re-hydration solvent. [0030] In an
embodiment, re-hydration of the defatted omentum is
conducted in two re-hydration treatments. In a first
re-hydration treatment, the defatted omentum is
contacted with a first re-hydration solvent, typically
a low molecular weight alcohol such as ethanol for at
least about 30 minutes, such as about 30 minutes to
about 72 hours. In an aspect of the invention, the
weight ratio of defatted omentum to first re-hydration
solvent is about 1:5 to about 1:100, such as about
1:10 to about 1:25. The first re-hydration solvent may
be pure alcohol, i.e. not in solution with water. The
defatted omentum may be fully 



submerged in the first re-hydration solvent. [0031]
Next, in a second re-hydration treatment the defatted
omentum is contacted with a second re-hydration
solvent, which may be a low molecular weight alcohol
and in particular a low molecular weight alcohol in
solution with water, such as about a 60% to 70%
solution. In an embodiment, the second re-hydration
solvent isethanol, such as a solution having about 60%
to about 70% ethanol with the balance water. The
defatted omentum may be contacted with the second
re-hydration solvent for at least about 30 minutes,
such as about 30 minutes to about 72 hours. In an
aspect of the invention, the weight ratio of defatted
omentum to second re-hydration solvent is about 1:5 to
about 1:100, such as about 1:10 to about 1:25. The
defatted omentum may be fully submerged in the second
re-hydration solvent. [0032] The defatted omentum is
decellularized, and decellularization processes known
to one skilled in the art may be applied to
decellularize the defatted omentum. In an embodiment,
the defatted omentum may be decellularized by
solubilization of the nuclear and cytoplasmic
components. For example, the defatted omentum may be
immersed in a decellularization buffer, such as one
having non-ionic detergent and metal salt dissolved in
acid for a period of time, typically at least about 30
minutes. Non-ionic detergents useful in the invention
include polysorbates, such as TWEEN 80, ehtoxylated
alcohols, such as TRITON(r) X-1 00, and polyethanols,
such as HP 40 



and IGEPAL CA-630 and combinations thereof. Metal
salts that may be used include magnesium chloride,
phosphate, acetate and citrate, and combinations
thereof and these metal salts are typically dissolved
in Tris-HCL. For example, the decellularization buffer
may include TRITON (r) X-100 ( 1% w/V) and MgCI2 ( 1%)
dissolved in 50 mM Tris- HCI (pH 7.2). The defatted
omentum is then removed from the decellularization
buffer and contacted with an enzyme solution, such
asone having endonuclease, such as Benzonase, and the
components of the decellulahzation buffer. In an
embodiment, the defatted omentum is spun in the enzyme
solution for a period of time, such as at least about
20 hours, typically from about 20 hours to about 48
hours. The defatted omentum is then washed one or more
times, such as twice, in a rinsing solution, such as
one having acid, metal salt and nonionic detergent.
The acid, metal salt and nonionic detergent may be the
same as the materials discussed above, including the
combination of Tris-HCI, MgCI2 and TRITON(r) X-1 00.
Subsequently, the omentum is contacted with a cell
extracting solution having salts, such as NaCI and
EDTA, and non-ionic detergent, such as TRITON(r) X-1
00, for a period of time, such as at least about 1
hour, typically from about 1 hour to about 48 hours.
Examples of typical decellularization processes are
further described in U.S. Patent Numbers 4,776,853 and
4,801 ,299 incorporated herein by reference in their
entirety. [0033] The decellularized omentum may then
be disinfected to remove contaminants. In an
embodiment, the decellularized omentum 



is contacted with a disinfection solution for a
sufficiently effective period of time to disinfect the
decellularized omentum, such as at least about 0.5
hour, typically about 1 hour to about 12 hours. The
decellularized omentum may be fully submerged in the
disinfection solution. The disinfection solution may
have alcohol, or an alcohol in water solution, and may
also include acid. The disinfection solution may
include one or more of the following ethanol,
methanol, isopropanol, propanol, hydrogen peroxide,
peracetic acid and combinations thereof. In
anembodiment, the disinfection solution has ethanol,
such as an 80% ethanol solution, and peracetic acid.
Optionally, the decellularized omentum can be washed
one or more times with ultrapure water. [0034] Fig. 2
shows a comparison of an untreated porcine omentum 1
and a decellularized porcine omentum 2. The untreated
porcine omentum 1 has fat 3 adjacent to vascular
tracks 4 whereas in the decellularized porcine
omentum, the vascular tracks 5 do not have any or a
substantial amount of fat adjacent thereto. [0035] The
decellularized omentum may be applied in tissue
engineering and regeneration of internal organs, such
as kidney, liver, spleen and bladder. The
decellularized omentum can also be used for repair and
regeneration of skeletal tissues, such as bone,
cartilage and tendon. Other uses for the
decellularized omentum include soft tissue
reinforcement and repair in combination with
biocompatible meshes, such as dural grafting, hernia
repair, and pelvic floor repair; nerve regeneration,
such a tubular structure for peripheral nerve 



regeneration; tissue augmentation; delivery of cells
and bioactives; chronic wound repair; and bone repair.
These uses and applications of the decellularized
omentum are illustrative of several potential uses and
should not be construed as limiting the types of uses
and applications for the decellularized omentum
prepared by the methods and processes described
herein. [0036] The decellularized omentum can be
combined with synthetic constructs to make reinforced
constructs. For example, the decellularized omentum
matrix can be used as a scaffold structure
forimplantation in a mammalian body, such as scaffold
for tissue repair. It can be further enhanced by
bioactives, cells, small molecules, minced tissue and
cell lysates. The decellularized omentum can be
lypophilized with polymers to make 3D foam or heat
melted into a film or mesh to name a few additional
uses for the decellularized omentum. Further, fibers
may be electrostatically spun onto the omentum and
used "as is" or with synthetic constructs to make
reinforced structures. [0037] In one embodiment,
decellularized omentum is formulated into a tubular
structure with or without reinforcement. The tubular
omentum matrix can be seeded with endothelial cells in
which the devitalized omentum serves as a cell
attachment scaffold and growth promoting substrate.
Endothelial cell seeded onto decellularized omentum
has utility as a building block material for vascular
reconstruction. [0038] In another embodiment,
decellularized omentum can be cocultured 



with human kidney derived cells (hKDC) in which the
decellularized omentum serves as a cell attachment
scaffold and growth promoting substrate. HKDC seeded
onto decellularized omentum has utility as a building
block material for kidney tissue engineering
applications. [0039] In a further embodiment,
decellularized omentum can be cocultured with
urothelial cells in which the decellularized omentum
serves as a cell attachment scaffold and growth
promoting substrate. Urothelial cells seeded onto
decellularized omentum have utility as a building
block material for bladder reconstruction.[0040]
Bioactive agents may be incorporated within and/or
applied to the tissue scaffolds, and/or it can be
applied to the viable minced tissue that is then
incorporated to the scaffolds. Preferably, the
bioactive agent is incorporated within, or coated on,
the scaffold prior to the addition of viable tissue to
the scaffold. The bioactive agent(s) can be selected
from among a variety of effectors that, when present
at the site of injury, promote healing and/or
regeneration of the affected tissue. In addition to
being compounds or agents that promote or expedite
healing, the effectors may also include compounds or
agents that prevent infection (e.g., antimicrobial
agents and antibiotics), compounds or agents that
reduce inflammation (e.g., anti-inflammatory agents),
compounds that prevent or minimize adhesion formation,
such as oxidized regenerated cellulose (e.g.,
INTERCEED(r) and SURGICEL(r), available from Ethicon,
Inc., Somerville, New Jersey, 



USA) compounds or agents that suppress the immune
system (e.g., immunosuppressants), and combinations
thereof. [0041] By way of non-limiting example, other
types of effectors present within an implant of the
invention having the decellularized omentum can
include heterologous or autologous growth factors,
proteins (including matrix proteins), peptides,
antibodies, enzymes, platelets, platelet rich plasma,
glycoproteins, hormones, cytokines,
glycosaminoglycans, nucleic acids, analgesics,
viruses, virus particles, cell types and combinations
thereof. One or more effectors of the same or
different functionality may be incorporated within the
implant.[0042] Many different types of heterologous or
autologous growth factors known to promote healing
and/or regeneration of injured or damaged tissue may
be incorporated directly into the scaffold, or
alternatively, the scaffold can include a source of
growth factors, such as for example, platelets.
Bioactive agents, may further include one or more of
the following: chemotactic agents; therapeutic agents
(e.g., antibiotics, steroidal and non-steroidal
analgesics and anti inflammatories, anti-rejection
agents such as immunosuppressants and anti-cancer
drugs); various proteins (e.g., short term peptides,
bone morphogenic proteins, glycoprotein and
lipoprotein); cell attachment mediators; biologically
active ligands; integhn binding sequence; ligands;
various growth and/or differentiation agents and
fragments thereof (e.g., epidermal growth factor
(EGF), hepatocyte growth factor (HGF), vascular
endothelial growth factors (VEGF), fibroblast growth 



factors (e.g., bFGF), platelet derived growth factors
(PDGF), insulin derived growth factor (e.g., IGF-1 ,
IGF-II) and transforming growth factors (e.g., TGF- b
l-lll), parathyroid hormone, parathyroid hormone
related peptide, bone morphogenic proteins (e.g.,
BMP-2, BMP-4; BMP-6; BMP-12), sonic hedgehog, growth
differentiation factors (e.g., GDF5, GDF6, GDF8),
recombinant human growth factors (e.g., MP52),
cartilage-derived morphogenic proteins (CDMP-1 ));
small molecules that affect the upregulation of
specific growth factors; tenascin-C; hyaluronic acid;
chondroitin sulfate; fibronectin; decorin;
thromboelastin; thrombin-dehved peptides;
heparin-binding domains; heparin; heparan sulfate; DNA
fragments and DNA plasmids. Suitableeffectors likewise
include the agonists and antagonists of the agents
described above. The growth factor can also include
combinations of the growth factors described above. In
addition, the growth factor can be autologous growth
factor that is supplied by platelets in the blood,
which may have various growth factors normally
associated with platelets. If other such substances
have therapeutic value in the orthopedic field, it is
anticipated that at least some of these substances
will have use in the invention, and such substances
should be included in the meaning of "bioactive agent"
and "bioactive agents" unless expressly limited
otherwise. [0043] The decellularized omentum can
further be formulated into composite scaffolds in a
combination with biocompatible synthetic or natural
polymers. In one embodiment, the decellularized
omentum 



matrix can be reinforced to enhance its mechanical
strength. The reinforcement component can be a 2-D
film with or without pores, fiber structure, 3D foam
and the like. The reinforced decellularized omentum
can be formulated into 2-D films, 3-D matrix and
tubular structures with and without 3-D matrix in the
lumen for tissue engineering and regenerative medicine
in combination with cells, minced tissue, bioactives
and other tissue engineering scaffolds. [0044]
Varieties of bioabsorbable polymers can be used to the
nonwoven tissue engineering scaffolds and the mesh
having the decellularized omentum according to the
invention. Examples of suitable biocompatible,
bioabsorbable polymers include polymers selected from
the group consisting of aliphatic polyesters, poly
(aminoacids), copoly (ether- esters), polyalkylenes
oxalates, polyamides, tyrosine derived polycarbonates,
poly (iminocarbonates), polyorthoesters,
polyoxaesters, polyamidoesters, polyoxaesters
containing amine groups, poly (anhydrides),
polyphosphazenes, biomolecules (i.e., biopolymers such
as collagen, elastin, bioabsorbable starches, etc.)
and blends thereof. Aliphatic polyesters include, but
are not limited to, homopolymers and copolymers of
lactide (which includes lactic acid, D-, L- and meso
lactide), glycolide (including glycolic acid),
epsilon-caprolactone, p-dioxanone ( 1 ,4-
dioxan-2-one), trimethylene carbonate ( 1 ,3-
dioxan-2-one), alkyl derivatives of trimethylene
carbonate, and polymer blends thereof. [0045]
Varieties of biocompatible non-absorbable polymers can
also 



be used to the non-woven tissue engineering scaffolds
and the mesh according to the invention. An example is
polypropylene mesh, sold under the tradename
PROLENE(r) available from Ethicon, Inc., Somerville,
New Jersey, USA. [0046] Varieties of biocompatible
natural biopolymers can also be used for the non-woven
tissue engineering scaffolds and the mesh having the
decellularized omentum in accordance with the
invention. Examples of suitable biocompatible, natural
polymers include collagen, elastin, hyaluronic acid,
laminin, and gelatin. [0047] The following examples
are illustrative of the principles and practice of
this invention, although not limited thereto. Numerous
additional embodiments within the scope and spirit of
the invention willbecome apparent to those skilled in
the art once having the benefit of this disclosure.
EXAMPLES Example 1: Solubility Of Swine Fat [0048]
Approximately 0.75g swine fat was added into 0.5ml
selected solvent. The solubility of the fat was
visually observed and the time at which complete
solubility occurred was noted. The results are
presented in the table. The scale for turbidity is 0
being clear and 5 having high turbidity. Example 2 :
Omentum Decellularization Process [0049] FAT
EXTRACTION: Pig omentum was placed in 0.9% saline
after harvest. After rinsing in the saline solution 3
times to rinse off 



blood and other extraneous debris, the omentum was
placed in 70%ethanol for 30 minutes. Following the
treatment with 70% ethanol, the tissue was dehydrated
in 100% ethanol for 30 minutes with two changes into
fresh ethanol. The tissue was then transferred to
acetone for 180 minutes, using fresh solution every 60
minutes. Subsequently, the tissue was placed in a
50:50 acetone-hexane mixture for 60 minutes, followed
by a 20:80 mixture of the same for 24-48 hours (with 3
changes of fresh solution) for fat extraction. The
tissue was then transferred to 100% ethanol for 30
minutes and subsequently to 70% ethanol where, if
necessary, it could be stored at 4 C until the
decellulahzation process was initiated. [0050]
DECELLULARIZATION: The tissue was then immersed in a
decellularization buffer having a cocktail of
TRITON(r) X-100 ( 1% w/V; a nonionic detergent) and
MgCb ( 1%) dissolved in 50 mM Ths-HCI (pH 7.2), for 30
minutes. This was followed by treatment in an enzyme
solution having a cocktail of endonuclease (Benzonase;
4 1.8 U/ml) mixed with the decellularization buffer.
The tissue was spun in this solution for 20 hours. The
tissue was then washed twice (2 hours each) in a
solution having 50 mM Ths-HCI (pH 7.2), 5 mM MgCI and
1% (WA/) TRITON(r) X-1 00. The tissue was then placed
in a cell extracting solution having 1M NaCI, 20mm
EDTA, 0.2% (W/V) TRITON(r) X-100 pH 7.0 for 1 hr,
following which the tissue was washed with ultra pure
water (4 times, 5 minutes each). [0051] DISINFECTION:
The tissue was transferred to disinfection 



solution having 80:20 water: ethanol (200 proof) with
0.15% peraceticacid (or acetic acid) for 1 hour after
washing in water (4 times, 20 minutes each), the
tissue was stored in 70% alcohol at 4 C. Example 3 :
Histological Evaluation [0052] Samples of untreated
omentum and decellulahzed omentum devitalized in
accordance Example 2 were fixed in 10% buffered
neutral formalin for 2 days. The samples were then
processed for routine histology (i.e., washing in
water, dehydrating with alcohol, clearing in xylene,
embedding in paraffin, sectioning and subsequently
processing the slides for staining with hematoxylin
and eosin). Fig. 3 shows the fresh porcine omentum 6
having fat 7 within the matrix 8 whereas in the
decellulahzed omentum 9, there is much less fat 10
within the matrix 11. Example 4 : Growth Of Porcine
Urothelial And Human Umbilical Tissue-Derived Cells
(hUTCs) On Devitalized Porcine Omentum [0053]
Urothelial cells were isolated from porcine bladders.
Briefly, porcine bladders were obtained from
Farm-to-Pharm (Bhdgewater, New Jersey, USA) washed
clean with PBS and emptied of urine. Bladders were
then cut along their long axis and laid flat with the
urothelial side facing upward. They were then covered
with 0.25% Trypsin solution for approximately 4 hours.
Following this digestion, the urothelial side was
scraped with a cell scraper to peel off the urothelium
and the digestion liquid was sieved through a 40
micrometer filter. The liquid was then spun down and
cells washed with theKeratinocyte Serum Free (KSF)
medium (Invitrogen, Carlsbad, 



California, USA). Cells were plated in T-75 tissue
culture flasks using the KSF medium. The medium was
changed every 2-3 days. [0054] Human umbilical
tissue-derived cells (hUTCs) were isolated as
described in United States Patent Application
Publication Number US2005/0054098 A 1, which is
incorporated in its entirety herein by reference, and
grown in growth medium (DMEM-low glucose (Gibco,
Carlsbad, California, USA), 15% (v/v) fetal bovine
serum (Cat. #SH30070.03; Hyclone, Logan, Utah, USA),
0.001 % (v/v) betamercaptoethanol (Sigma-Aldhch, St.
Louis, Missouri, USA), penicillin/streptomycin
(Gibco), in a gelatin-coated T75 flask. Cells were
passaged every 3-4 days. [0055] Decellulahzed omentum
prepared in accordance with Example 2 was cut into
approximately 2.5 x 2.5 cm squares and placed into
ultra low cluster 6-well dishes. Omentum was
sterilized by incubation in absolute ethanol for 16
hours (PDS film) or 1 hour (for omentum previously
stored in 70% ethanol). Materials were then washed 3
times in 3 mL of PBS (Ca and Mg -free). [0056] Porcine
urothelial cells (P1 ) and hUTCs were harvested by
washing with PBS and trypsinization using 4 ml of
0.25% trypsin-EDTA (Gibco). Reaction was stopped by
the addition of an equal volume of keratinocyte-SFM
(Gibco) for urothelial cells and growth medium for
hUTCs. Cells were collected by centrifugation and the
cell pellet resuspended in culture media. Cells were
counted using a Guava 



instrument (Guava Technologies, Hayward, California,
USA) and100,000 cells in 1 ml of media were seeded on
the omental membrane in 6-well plates. After
incubation for 2 hours at 37 C, an additional 2 ml of
media was added to each well. Urothelial cells or
hUTCs were seeded 10 days prior to immunofluorescence
staining. [0057] On 10th day post-cell seeding,
omentum membranes were washed with 3 ml PBS and then
fixed with cold 4% (w/v) paraformaldehyde
(Sigma-Aldhch) for 10 minutes at room temperature
lmmunocytochemistry was performed using antibodies
directed against the following epitopes: alpha smooth
muscle actin ( 1 :200, Chemicon International cat#:
CBL1 7 1, Temecula, California, USA) and cytokeratin
AE1/AE3 ( 1 :200; Chemicon International cat#:
MAB3412). [0058] Cultures were washed with
phosphate-buffered saline (PBS) and exposed to a
protein blocking solution containing PBS, 4% (v/v)
goat serum (Chemicon), and 0.3% (v/v) TRITON(r)
(X-100) for 1 hour to access intracellular antigens.
Primary antibodies, diluted in blocking solution, were
then applied to the cultures for a period of 1 hour at
room temperature. Next, primary antibody solutions
were removed and cultures washed with PBS prior to
application of secondary antibody solutions ( 1 hour
at room temperature) containing block along with goat
anti-mouse IgG - FITC conjugate ( 1 :200;
Sigma-Aldhch). Cultures were then washed and 10 mM
DAPI (Molecular Probes) applied for 10 minutes to
visualize cell nuclei. [0059] Following
immunostaining, fluorescence was visualized 



using the appropriate fluorescence filter on an
Olympus inverted epifluorescent microscope (Olympus,
Melville, New York, USA). In allcases, positive
staining represented fluorescence signal above control
staining where the entire procedure outlined above was
followed with the exception of application of a
primary antibody solution (no. 1 control).
Representative images were captured using a digital
color video camera and ImagePro software (Media
Cybernetics, Carlsbad, California, USA). For
double-stained samples, each image was taken using
only one emission filter at a time. Layered montages
were then prepared using Adobe Photoshop software
(Adobe, San Jose, California, USA). [0060] The results
of this experiment indicated that cells of both types
grew well on decellularized porcine omental membrane.
Furthermore, both cell types established a monolayer
and retained robust expression of key markers: keratin
for urothelial cells and smooth muscle actin for
hUTCs. Example 5 : Human Kidney Derived Cell Growth On
Devitalized Porcine Omentum [0061] Normal human
kidneys were obtained from the National Disease
Research Interchange (NDRI, Philadelphia,
Pennsylvania, USA). The kidney used in this study was
obtained from a healthy, 2 1 year old male. To remove
blood and debris, the kidney was washed in Dulbecco's
modified Eagles medium (DMEM-low glucose; Invitrogen,
Carlsbad, California, USA) or phosphate
buffered-saline (PBS; 



Invitrogen). Tissue was dissected from the cortex
region of the kidney. The tissues were then
mechanically dissociated in tissue culture platesuntil
the tissue was minced to a fine pulp. The tissue was
then transferred to a 50-milliliter conical tube. The
tissue was then digested in GMP (good manufacturing
practice) enzyme mixtures containing 0.25 units PZ
activity/ml collagenase (NB6, N0002779; Serva
Electrophoresis GmbH, Heidelberg, Germany), 2.5
units/ml dispase (Dispase Il 165 859, Roche
Diagnostics Corporation, Indianapolis, Indiana, USA),
and 1 unit/mL hyaluronidase (Vitrase, ISTA
Pharmaceuticals, Irvine, California, USA). The enzyme
mixture was combined with renal epithelial growth
medium (REGM) (Cambrex). The conical tubes containing
the tissue, medium and digestion enzymes were
incubated at 37C in an orbital shaker at 225 rpm for
1- 2 hours. [0062] The digested material was
centhfuged at 150 x g for 5 minutes, then the
supernatant was aspirated. The pellet was then
resuspended in 20 milliliters REGM. The cell
suspension was filtered through a 40-micron nylon BD
FALCON Cell strainer (BD Biosciences, San Jose,
California, USA). The filtrate was re-suspended in
REGM (total volume 50 milliliters) and centhfuged at
150 x g for 5 minutes. The supernatant was aspirated
and the cells were re-suspended in 50 milliliters of
REGM. This process was repeated twice. [0063] After
the final centhfugation, supernatant was aspirated and
the cell pellet was re-suspended in 10 milliliters of
REGM. The number 



of viable cells was determined using a Guava
instrument (Guava Technologies). Cells were then
plated onto gelatin-coated tissue culture flasks and
cultured at 37C under normal atmosphericconditions.
Cells were further passaged on non-coated
tissue-culture flasks six times with media exchange
every 2-3 days. Cells were then cryopreserved under
liquid nitrogen. [0064] Omentum membrane decellulahzed
in accordance with Example 2 was cut into several 4
cm2 pieces and then submerged in 70% ethanol overnight
at 4C. Individual pieces of omentum membrane were then
deposited into wells of a 6 well plate. To remove
residual ethanol, the omentum membrane was washed
three times with 3 ml of PBS followed by one wash with
3 ml REGM. Passage 6 hKDCs were then thawed and seeded
at 10,000 cells/cm2 onto the omentum membrane and
cultured for four days in REGM. Fresh media was added
to the cultures every 2-3 days. [0065] On day four
post-cell seeding, omentum membranes were washed with
3 ml PBS and then either stained with 1 urn calcein-AM
(Molecular Probes) or fixed in 4% paraformaldehyde
overnight at room temperature. Calcein-AM stained
samples were visualized by fluorescent microscopy and
fixed samples were sent to VetPath Services for
histological processing and H&E staining. [0066] After
four days in culture, hKDCs showed significant
attachment to the devitalized omentum. In addition,
the cells were viable as evidenced by the intense
Calcein-AM staining. 



Example 6 : Growth Of Human Umbilical Vein Endothelial
Cells (HUVECs) On Devitalized Porcine Omentum[0067]
Human umbilical vein endothelial cells (HUVECs,
catalog number C2517A) were obtained from Cambrex and
were cultured in endothelial growth medium (EGM-2MV,
catalog number 3202) according to manufacturer's
recommendations which are incorporated herein by
reference. For routine passage, cells were washed once
with phosphate-buffered saline (PBS, Invitrogen,
catalog number 14190) and detached by trypsinization
(0.25% trypsin-EDTA, Invitrogen, catalog number
25200-056). Cells were counted using a Guava
instrument (Guava Technologies) and seeded at a
density of 5000 cells/cm2. Cells were routinely
passaged every 3-4 days. [0068] Decellulahzed omentum
in accordance with Example 2 was cut into
approximately 2.5 x 2.5 cm squares and placed into
ultra low cluster 6-well dishes. Omentum was
sterilized by incubation in absolute ethanol for 1
hour (omentum previously stored in 70% ethanol).
Omentum membrane was washed 3 times in 3 ml of PBS (Ca
and Mg -free) before use. [0069] HUVECs were harvested
by washing with PBS and trypsinization using 4 ml of
0.25% trypsin-EDTA (Gibco). Reaction was stopped by
the addition of an equal volume of EGM-2MV media.
Cells were collected by centhfugation and the cell
pellet re-suspended in culture media. Cells were
counted using a Guava instrument (Guava Technologies)
and 100,000 cells in 1 ml of media were seeded on 



omentum membrane in 6-well plates. After incubation
for 2 hours at 37C, an additional 2 ml of media was
added to each well.[0070] HUVECs were grown on omentum
membrane for 10 days and processed for DAPI staining.
Briefly, omentum membranes were washed with 3 ml PBS
and then fixed with cold 4% (w/v) paraformaldehyde
(Sigma-AIdrich) for 10 minutes at room temperature.
Cultures were washed with PBS and stained with 10 mM
DAPI (Molecular Probes) for 15 minutes to visualize
cell nuclei. For viability staining, a live/dead
staining kit (Molecular Probes) was used. Omentum
membranes were washed with 3 ml PBS and then stained
with 1 uM calcein-AM and 1 uM propidium iodide for 10
minutes at room temperature. [0071] Cell nuclei
(stained with DAPI) and viable cells (stained with
calcein-AM) were visualized using the appropriate
fluorescence filter on an Olympus inverted
epi-fluorescent microscope (Olympus). Representative
images were captured using a digital color video
camera and ImagePro software (Media Cybernetics).
[0072] The results of this study show that human
umbilical vein endothelial cells can attach and grow
on decellulahzed porcine omentum membrane and that
these cells are viable. Example 7 : Incorporation of
GDF-5 into a composite of nonwoven scaffolds and
decellularized omentum [0073] Felts made of 90/1 0
PGA/PLA fibers with an average length of 5cm are
placed on both sides of a decellularized omentum
prepared 



in accordance with Example 2. The structure was then
needle punched to create the interlock of 90/1 0
PGA/PLA fibers of the feltswith the decellularized
omentum. The composites were approximately 1 mm thick
with a density of 75 mg/cc. GDF-5 at a concentration
of 200 mg/ml in 10 mM HCI was added to the composite
scaffold and then lyophilized at -25C. The GDF-5
loaded composite scoffolds can be potentially used for
connective tissue repair, for example cartilage
regeneration, bone repair and wound healing. [0074]
Although this invention has been shown and described
with respect to detailed embodiments thereof, it will
be understood by those skilled in the art that various
changes in form and detail thereof may be made without
departing from the spirit and scope of the claimed
invention.CLAIMS We claim: 1. A method for defatting
omentum comprising providing an omentum, dehydrating
the omentum, contacting the omentum with at least one
dehydration solvent and extracting fat from the
dehydrated omentum with at least one extraction
solvent. 2. The method of claim 1 wherein
substantially all the fat within the omentum is
extracted. 3. The method of Claim 1 wherein the
extraction solvent is selected from the group
consisting of non-polar solvent, polar solvent and
combinations thereof. 4. The method of Claim 3 wherein
the extraction solvent is 



selected from the group consisting of hexane, xylene,
benzene, toluene, ethyl acetate, acetone, dioxane,
acetonitrile and combinations thereof. 5. The method
of Claim 1 wherein the dehydration solvent is selected
from the group consisting of methanol, ethanol,
isopropanol, propanol and combinations thereof. 6. The
method of Claim 1 wherein a weight ratio of the
omentum to dehydration solvent is about 1:5 to about
1:100. 7. The method of Claim 1 wherein, a weight
ratio of dehydrated omentum to extraction solvent is
about 1:3 to about 1:50. 8. The method of Claim 1
wherein the omentum is dehydrated in one or more
treatments.9. The method of Claim 8 wherein the
treatments comprise contacting the omentum with a
first dehydration solvent comprising alcohol and water
and contacting the omentum with a second dehydration
solvent comprising alcohol. 10. The method of Claim 9
wherein the first dehydration solvent comprises from
about 60% and about 70% alcohol and about 30% to about
40% water and the second dehydration solvent is pure
alcohol. 11. The method of Claim 9 wherein the
treatments further comprise contacting the omentum
with a third dehydration solvent comprising alcohol
and then contacting the omentum with a fourth
dehydration solvent comprising alcohol. 



12. The method of Claim 11 wherein the third
dehydration solvent and second dehydration solvent are
pure alcohol. 13. The method of Claim 11 wherein a
weight ratio of the omentum to the first dehydration
solvent is about 1:5 to about 1:50, a weight ratio of
the omentum to the second dehydration solvent is about
1:5 to about 1:100, a weight ratio of the omentum to
the third dehydration solvent is about 1:5 to about
1:100 and a weight ratio of the omentum to the fourth
dehydration solvent is about 1:5 to about 1:100. 14.
The method of Claim 1 wherein the fat is extracted
from the dehydrated omentum in one or more fat
extraction steps. 15. The method of Claim 14 wherein
the fat extraction steps comprise contacting the
dehydrated omentum with a first extractionsolvent
which is a polar solvent then contacting the
dehydrated omentum with second extraction solvent
comprising about 30% to about 50% polar solvent and
about 50% to about 70% non-polar solvent and then
contacting the dehydrated omentum with a third
extraction solvent comprising about 70% to about 90%
of non-polar solvent and about 10% to about 30% polar
solvent. 16. The method of Claim 15 wherein the polar
solvent is acetone and the non-polar solvent is
hexane. 17. The method of Claim 15 wherein a weight
ratio of the dehydrated omentum to the first
extraction solvent is about 1:3 to about 1:50, a
weight ratio of the dehydrated omentum to the second 



extraction solvent is about 1:3 to about 1:50, and a
weight ratio of the dehydrated omentum to the third
extraction solvent is about 1:3 to about 1:50. 18. The
method of Claim 1 further comprising re-hydrating the
omentum after fat extraction. 19. A process for
devitalizing omentum comprising the steps of i)
defatting omentum comprising a) dehydrating omentum by
contacting the omentum with at least one dehydration
solvent and b) extracting fat from the dehydrated
omentum with at least one extraction solvent and ii)
decellularizing the defatted omentum. 20. The process
of Claim 19 wherein substantially all the fat within
the omentum is extracted. 2 1. The process of Claim 19
comprising the additional step of disinfecting the
decellularized defatted omentum.22. The process of
Claim 19 comprising the additional step of sterilizing
the decellulahzed defatted omentum. 23. The process of
Claim 19 wherein the dehydration solvent is selected
from the group consisting of methanol, ethanol,
isopropanol, propanol and combinations thereof. 24.
The process of Claim 19 wherein the extraction solvent
is selected from the group consisting of hexane,
xylene, benzene, toluene, ethyl acetate, acetone,
dioxane, acetonitrile and combinations thereof. 25. A
construct for medical purposes comprising 



decellularized omentum defatted in accordance with the
method of Claim 1. 26. A tubular structure for
vascular reconstruction comprising decellularized
omentum seeded with endothelial cells wherein the
decellularized omentum comprises a cell attachment
scaffold and growth promoting substrate. 27. A
scaffold structure for implantation in a mammalian
body comprising decellularized omentum. 28. The
scaffold structure of Claim 27 wherein the
decellularized omentum is co-cultured with human
kidney derived cells and the decellularized omentum
comprises a cell attachment scaffold and growth
promoting substrate. 29. The scaffold structure of
Claim 27 wherein the decellularized omentum is
co-cultured with urothelial cells and
thedecellularized omentum comprises a cell attachment
scaffold and growth promoting substrate. 30. The
scaffold structure of Claim 27 further comprising
bioactive agents. 3 1. The scaffold structure of Claim
30 wherein the bioactive agent is selected from the
group consisting of effectors that promote healing,
effectors that promote regeneration of tissue,
effectors that promote or expedite healing, compounds
or agents that prevent infection, compounds or agents
that reduce inflammation, compounds that prevent or
minimize adhesion formation, compounds or agents that 



suppress the immune system and combinations thereof.
32. The scaffold structure of Claim 30 wherein the
bioactive agent is selected from the group consisting
of heterologous growth factors, autologous growth
factors, proteins, peptides, antibodies, enzymes,
platelets, platelet rich plasma, glycoproteins,
hormones, cytokines, glycosaminoglycans, nucleic
acids, analgesics, viruses, virus particles, cell
types, therapeutic agents, antiinflammatories,
antirejection agents, chemotactic agents, growth
agents, differentiation agents, growth agent
fragments, differentiation agent fragments and
combinations thereof. 33. The scaffold structure of
Claim 30 wherein the bioactive agent is selected from
the group consisting of antibiotics, steroidal
analgesics, non-steroidal analgesics,
immunosuppressants, anti cancer drugs, short term
peptides, bone morphogenic proteins, glycoprotein,
lipoprotein, cell attachment mediators, biologically
activeligands, integrin binding sequence, ligands,
epidermal growth factor, hepatocyte growth factor,
vascular endothelial growth factors, fibroblast growth
factors, platelet derived growth factors, insulin
derived growth factor, transforming growth factors,
parathyroid hormone, parathyroid hormone related
peptide, bone morphogenic proteins, sonic hedgehog,
growth differentiation factors, recombinant human
growth factors, cartilage-derived morphogenic
proteins, small molecules, small molecules that affect
the upregulation of specific growth factors,
tenascin-C, hyaluronic acid, chondroitin sulfate,
fibronectin, decorin, 



thromboelastin, thrombin-dehved peptides,
heparin-binding domains, heparin, heparan sulfate, DNA
fragments, DNA plasmids, and combinations thereof. 34.
The scaffold structure of Claim 27 comprising a
composite of the decellulahzed omentum and a polymer
selected from the group consisting of biocompatible
synthetic polymers and natural polymers. 35. The
scaffold structure of Claim 34 wherein the
biocompatible polymer is selected from the group
consisting of polypropylene, aliphatic polyesters,
poly (amino acids), copoly (etheresters),
polyalkylenes oxalates, polyamides, tyrosine derived
polycarbonates, poly (iminocarbonates),
polyorthoesters, polyoxaesters, polyamidoesters,
polyoxaesters containing amine groups, poly
(anhydrides), polyphosphazenes, biomolecules (i.e.,
biopolymers such as collagen, elastin, bioabsorbable
starches, etc.) and blends thereof.36. The scaffold
structure of Claim 34 wherein the natural polymer is
selected from the group consisting of collagen,
elastin, hyaluronic acid, laminin and gelatin. 




