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Description

Technical Field

[0001] This invention relates to devitalized acellular tis-
sue regeneration compositions, methods of making, and
methods of use.

Background of the Invention

[0002] Submucosal tissues of warm-blooded verte-
brates are useful in tissue grafting materials. For exam-
ple, submucosal tissue graft compositions derived from
small intestine have been described in U.S. Patent No.
4,902,508 (hereinafter the ’508 patent) and U.S. Patent
No. 4,956,178 (hereinafter the ’178 patent), and submu-
cosal tissue graft compositions derived from urinary blad-
der have been described in U.S. Patent No. 5,554,389
(hereinafter the ’389 patent). All of these compositions
consist essentially of the same tissue layers and are pre-
pared by the same method, the difference being that the
starting material is small intestine on the one hand and
urinary bladder on the other. The procedure detailed in
the ’508 patent, incorporated by reference in the ’389
patent and the procedure detailed in the ’178 patent, in-
cludes mechanical abrading steps to remove the inner
layers of the tissue, including at least the luminal portion
of the tunica mucosa of the intestine or bladder, i.e., the
lamina epithelialis mucosa (epithelium) and lamina pro-
pria, as detailed in the ’178 patent. Abrasion, peeling, or
scraping the mucosa delaminates the epithelial cells and
their associated basement membrane, and most of the
lamina propria, at least to the level of a layer of organized
dense connective tissue, the stratum compactum. Thus,
the tissue graft material previously recognized as soft
tissue replacement material is devoid of epithelial base-
ment membrane and consists of the submucosa and stra-
tum compactum.
[0003] The epithelial basement membrane is a thin
sheet of extracellular material contiguous with the basilar
aspect of epithelial cells. Sheets of aggregated epithelial
cells of similar type form an epithelium. Epithelial cells
and their associated epithelial basement membrane are
positioned on the luminal portion of the tunica mucosa
and constitute the internal surface of tubular and hollow
organs and tissues of the body. Epithelial cells and their
associated epithelial basement membrane are also po-
sitioned on the external surface of the body, i.e., skin.
Examples of a typical epithelium having a basement
membrane include, but are not limited to the following:
the epithelium of the skin, intestine, urinary bladder, es-
ophagus, stomach, cornea, and liver.
[0004] Epithelial cells are positioned on the luminal or
superficial side of the epithelial basement membrane,
opposite to connective tissues. Connective tissues, the
submucosa, for example, are positioned on the abluminal
or deep side of the basement membrane. Examples of
connective tissues that are positioned on the abluminal

side of the epithelial basement membrane are the sub-
mucosa of the intestine and urinary bladder, and the der-
mis and subcutaneous tissues of the skin.

Summary of the Invention

[0005] The present invention provides devitalized tis-
sue regenerative compositions comprising an epithelial
basement membrane as part of a matrix or scaffold for
tissue repair or regeneration. The inclusion of the epithe-
lial basement membrane in devitalized mammalian tis-
sue regenerative compositions results in improved in vivo
endogenous cell propagation and tissue restoration as
compared to submucosal matrices described above
which do not include an epithelial basement membrane.
For the purposes of this invention, devitalized means
acellular or substantially acellular. For the purposes of
this invention, epithelial basement membrane means at
least a portion of the intact epithelial basement mem-
brane.
[0006] According to the invention, a preferred devital-
ized matrix for mammalian tissue repair or regeneration
comprises at least a portion of a mammalian epithelial
basement membrane, preferably the entire epithelial
basement membrane, and the tunica propria that is im-
mediately subjacent to the basement membrane. Devi-
talized matrices of the invention restore or replace dis-
eased, defective, or missing tissue when placed in con-
tact with host tissue. In a preferred embodiment, the in-
vention comprises a devitalized matrix that is custom-
shaped to conform to the diseased or defective tissue.
In a particular embodiment, the matrix comprises a sheet
of matrix derived from the urinary bladder, the intestine,
or any other mammalian epithelial tissue. In another em-
bodiment, the matrix is injectable by means of being
transformed into a fine particulate, emulsion, gel or ex-
tract. A matrix of the invention may act as a carrier for a
pharmaceutical agent. A preferred application of the ma-
trix of the invention is the repair or restoration of cardiac
tissue. In particular, a matrix or composition of the inven-
tion is useful to restore or replace at least a portion of a
cardiac valve, the interatrial septum, the interventricular
septum, or the myocardium. For the purposes of this in-
vention, matrix and composition are interchangeable
terms.
[0007] In one embodiment, the invention features a de-
vitalized composition comprising epithelial basement
membrane and tunica propria immediately subjacent to
the basement membrane. The epithelial basement mem-
brane and tunica propria immediately subjacent to the
basement membrane are delaminated from cells of a
mammalian epithelium and abluminal portions of the tu-
nica propria. Mammalian epithelial tissue used in this as-
pect of the invention is preferably derived from urinary
bladder, intestine, or any other mammalian epithelial tis-
sue. Further embodiments feature a composition shaped
to conform to a diseased or defective cardiac valve such
as at least a portion of a pulmonic valve, aortic valve,
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right or left atrioventricular valve, or the myocardium.
[0008] In still another embodiment, the invention fea-
tures a composition comprising epithelial basement
membrane, tunica propria, and submucosa. The epithe-
lial basement membrane and tunica propria are delami-
nated from the cells of an epithelium and from the tunica
muscularis of a mammalian epithelial tissue.
[0009] In yet another embodiment, the invention fea-
tures a composition comprising epithelial basement
membrane, tunica propria, and smooth muscle cells of
the tunica muscularis, all delaminated from epithelial
cells of a mammalian epithelium.
[0010] The composition, according to the invention, is
not limited to merely the embodiments enclosed. Rather,
the composition, according to the invention, comprises
one or more layers of an epithelial tissue in combination
with at least a portion, preferably the entire, intact epi-
thelial basement membrane.
[0011] In another aspect, the invention provides meth-
ods for inducing restoration or repair of diseased or de-
fective cardiac tissue. A preferred method of the invention
comprises the step of contacting a host tissue with a de-
vitalized matrix derived from a mammal. The devitalized
matrix comprises at least a portion of an epithelial base-
ment membrane and tunica propria immediately subja-
cent to the basement membrane. In preferred embodi-
ments, methods of the invention comprise inducing en-
dogenous epithelial repair using tissue regenerative
compositions of the invention.

Brief Description of the Drawings

[0012] The drawings are not to scale and emphasis
instead is generally being placed upon illustrating the
principles of the invention.

FIG. 1A is a cross-sectional view of the wall of the
intestine.

FIG. 1B is a cross-sectional view of the wall of the
urinary bladder.

Detailed Description of the Invention

[0013] A devitalized tissue regenerative composition
in accordance with the present invention comprises ep-
ithelial basement membrane or at least a portion of the
epithelial basement membrane and at least the subjacent
portion of the tunica propria harvested from a mammalian
epithelial tissue. Preferred epithelial tissues for use in the
invention include, but are not limited to, urinary bladder
and other tissues of the uro-genital tract, small intestine,
esophagus and other tissues of the gastrointestinal tract,
skin, liver, and arteries such as the aorta and other tis-
sues of the cardiovascular system. In a preferred em-
bodiment, the invention provides a tissue graft composi-
tion comprising at least a portion of the epithelial base-
ment membrane and subjacent tunica propria, separated

from the luminal epithelial cells, the abluminal adventitial,
serosal, and smooth muscle layers and the submucosal
tissue layers Tissue separation or delamination tech-
niques, according to the invention, provide a layer of de-
vitalized extracellular matrix material including epithelial
basement membrane or at least a portion of the epithelial
basement membrane essentially free of cells. Any re-
maining cellular elements are then removed by further
processing steps such as rinsing in hypotonic saline, per-
acetic acid or sterile water.
[0014] Accordingly, referring to FIGS. 1A and 1B, a
preferred embodiment of the invention comprises epithe-
lial basement membrane B and the biotropic connective
tissue known as the tunica propria C that is immediately
subjacent to and positioned on the abluminal side of the
epithelial basement membrane B of the intestine illus-
trated in FIG. 1A, or the urinary bladder illustrated in FIG.
1B or any other epithelial tissue. This embodiment of the
invention features the epithelial basement membrane B
and portions of the tunica propria C adjacent to the epi-
thelial basement membrane B. The epithelial basement
membrane B and tunica propria C are delaminated from
the epithelial cells A, the submucosa D, the tunica mus-
cularis E, and the serosa F. Thus, in this embodiment of
the invention, the portions of the tunica mucosa H adja-
cent the lumen L, i.e., the luminal portions of the tunica
mucosa, form a preferred tissue matrix composition.
[0015] In another preferred embodiment, again refer-
ring to FIGS. 1A and 1B, a composition of the invention
comprises epithelial basement membrane B, tunica pro-
pria C, and the tunica submucosa D. The epithelial base-
ment membrane B, tunica propria C, and the tunica sub-
mucosa D are delaminated from the epithelial cells A,
tunica muscularis E, and tunica serosa F. In this embod-
iment, the portions of the tunica mucosa H that include
the epithelial basement membrane, and the tunica sub-
mucosa, form a preferred tissue matrix composition.
[0016] In yet another composition, a preferred embod-
iment of the invention comprises the epithelial basement
membrane B, the tunica propria C that lie adjacent the
epithelial basement membrane B, the tunica submucosa
D and at least a portion of the tunica muscularis E.

Sources of Epithelial Tissue

[0017] Material for tissue regeneration compositions
of the invention is typically prepared from tissue harvest-
ed from animals raised for meat production, including but
not limited to, pigs, cattle and sheep. Other warm-blood-
ed vertebrates are also useful as a source of tissue, but
the greater availability of such tissues from animals used
for meat production makes such tissue preferable. Thus,
there are inexpensive commercial sources of tissue for
use in preparation of the tissue compositions in accord-
ance with the present invention. There may be specially
bred or genetically engineered strains of certain species
that are used as a tissue source. For example, pigs that
are genetically engineered to be free of the galacatosyl,
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alpha 1,3 galactose (GAL epitope) may be used as the
source of tissues for production of the composition. Al-
ternatively, herds of pigs that are raised to be free of
specific pathogens may be used as the source of tissues.
Mammalian tissue used as the source of tissue for pro-
duction of the composition of the invention may be har-
vested from an animal of any age group, including em-
bryonic tissues, market weight, gender or stage of sexual
maturity.

Tissue Sources of Epithelial Basement Membrane

Urinary Bladder

[0018] A preferred source of epithelial basement mem-
brane is the urinary bladder illustrated in FIG. 1B of a
warm-blooded vertebrate such as a pig. Superior biologic
tissue remodeling properties are derived from epithelial
basement membrane components that support and pro-
mote cell growth without invasion, and the subjacent tu-
nica propria matrix material that allows and promotes en-
dogenous cellular adhesion, invasion, growth and differ-
entiation. The matrix, referred to hereinafter as urinary
bladder matrix (UBM), includes the basement membrane
B of the urinary bladder epithelium and the subjacent
tunica propria C. In this embodiment, epithelial basement
membrane B and the subjacent tunica propria C are dela-
minated from the epithelial cells A and the extracellular
matrix of the tunica submucosa D, the tunica muscularis
E, and the tunica serosa F. UBM is harvested from any
warm-blooded vertebrate but is most preferably harvest-
ed from pigs. UBM is used as a bioscaffold for the repair
or restoration of body tissues and organs such as mus-
culoskeletal and cardiovascular structures, dermatologic
and gastrointestinal tissues, urogenital and reproductive
tissues, neurologic tissues, liver, kidney, and head and
neck tissues.
[0019] A preferred UBM tissue regenerative composi-
tion comprises epithelial basement membrane, prefera-
bly urinary bladder basement membrane, and the bio-
tropic molecular structure that lies immediately subjacent
the epithelial basement membrane from the urinary blad-
der tissue of warm blooded vertebrates. In this embodi-
ment, epithelial basement membrane is delaminated
from the luminal epithelial cells, abluminal adventitial, se-
rosal, and smooth muscle tissues, and submucosal tis-
sues. Tissue graft compositions of the invention have
remarkably superior tissue growth characteristics as
compared to previously described submucosal tissue
graft compositions implanted or injected into a vertebrate
host to cause the repair or replacement of damaged,
missing, or defective tissues or organs.
[0020] Methods of the present invention avoid com-
plete loss of the epithelial basement membrane and re-
sult in a tissue regenerative composition that includes at
least a portion of the epithelial basement membrane. In
a preferred embodiment, the epithelial basement mem-
brane as determined by conventional histochemical or

immunohistochemical techniques and light, or electron
microscopy, is largely intact. The resulting devitalized
material obtained by methods of the present invention is
in contrast to methods for making tissue graft composi-
tions derived from small intestine and urinary bladder as
described in the ’508 and ’389 patents which result in a
graft material including submucosa exclusive of the ep-
ithelial basement membrane. Steps in preparation of
UBM from urinary bladder tissue differ from previously
described steps for preparation of submucosal tissue
graft composition described in the ’508 patent and the
’389 patent. In the methods for the preparation of the
submucosal tissue graft composition described in the
’508 and ’389 patents, the mucosa is mechanically re-
moved by abrasion.
[0021] According to the present invention, UBM is pre-
pared by removing the urinary bladder tissue from a
warm-blooded vertebrate, for example, a pig, and dela-
minating the tissue by first soaking the tissue in a deep-
ithelializing solution, for example, hypertonic saline, most
preferably 1.0 N saline, for periods of time ranging from
10 minutes to 4 hours. Exposure to hypertonic saline so-
lution effectively removes the epithelial cells from the un-
derlying basement membrane. The tissue remaining af-
ter the initial delamination procedure includes epithelial
basement membrane and the tissue layers abluminal to
the epithelial basement membrane. This tissue is next
subjected to further treatment to remove the majority of
abluminal tissues but not the epithelial basement mem-
brane. The outer serosal, adventitial, smooth muscle tis-
sues, submucosa and abluminal portion of the tunica pro-
pria are removed from the remaining deepithelialized tis-
sue by mechanical abrasion or by a combination of en-
zymatic treatment, hydration, and abrasion. Mechanical
removal of these tissues is accomplished by removal of
mesenteric tissues with, for example, Adson-Brown for-
ceps and Metzenbaum scissors and wiping away the tu-
nica muscularis and abluminal tunica propria using a lon-
gitudinal wiping motion with a scalpel handle or other
rigid object wrapped in moistened gauze. After these tis-
sues are removed, the resulting tissue scaffold consists
of epithelial basement membrane and subjacent tunica
propria. This tissue differs from previously known tissue
compositions derived from animal epithelial tissues by
the inclusion of a largely intact epithelial basement mem-
brane in the present invention. The tissues may be further
processed by rinsing in hypertonic saline, peracetic acid
or sterile water. Other methods for removing tissue lay-
ers, a microtome, for example, may also be used to obtain
the tissue composition of the invention.
[0022] The method for preparation of tissue regener-
ative compositions according to the invention is not lim-
ited to the use of urinary bladder tissue as a starting ma-
terial. The method according to the invention is also ap-
plicable to other starting tissues, for example, skin, es-
ophagus, stomach, and intestinal tissues.
[0023] After preparing UBM according to the method
of the invention, the resulting tissue scaffold consists of
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an approximately 10-120 micrometer thick material that
consists primarily (i.e., greater than 90%) of extracellular
matrix (ECM) including the epithelial basement mem-
brane. This material may or may not retain some of the
cellular elements that comprised the original tissue such
as capillary endothelial cells or fibrocytes. These cellular
elements are removed by subsequent exposure to per-
acetic acid as part of the disinfection of the biomaterial.
The material differs in its histologic appearance and its
architecture from the submucosal tissue graft composi-
tions because of the smooth epithelial basement mem-
brane that demarks the luminal surface and the dense,
partially organized collagenous ECM that demarks the
abluminal surface. The ECM material stains pink with
H&E stain and blue with Masson’s trichrome stain.

Skin, Esophagus

[0024] Similarly, steps used in preparation of tissue
regenerative compositions from other epithelial organs
having tissue layers similar to urinary bladder, such as
skin, or esophagus, parallel the steps described above
for preparing UBM. Like the urinary bladder matrix, the
material remaining after removal of the epithelial cells,
tunica serosa, tunica muscularis and abluminal tunica
propria, includes at least a portion of the epithelial base-
ment membrane, and the adjacent tunica propria.

Small Intestine

[0025] A tissue regenerative composition of the inven-
tion is also derived from epithelial tissues of the gastroin-
testinal tract, such as the small intestine. Steps in prep-
aration of a tissue regenerative composition that includes
at least a portion of the epithelial basement membrane
of the small intestine and subjacent tunica propria,
termed SIM, are similar to the steps described above for
the formation of UBM. 1.0N saline may be used to remove
the intestinal epithelial cells from the epithelial basement
membrane. An alternate method for removing epithelial
cells is to soak the epithelial tissue in a detergent such
as a non-ionic detergent, for example, Triton X-100, at
concentrations from 0.025 to 1 %, for 5 minutes to several
hours.
[0026] In one embodiment, the delaminated tissue re-
generative composition derived from an epithelial tissue
is stored either in a frozen hydrated state or is air dried
at room temperature, then stored. Alternatively, the tis-
sue regenerative composition is lyophilized and stored
in a dehydrated state at either room temperature or fro-
zen. In yet another embodiment, the tissue regenerative
composition can be minced and fluidized by digesting
the material in proteases, for example pepsin or trypsin,
for periods of time sufficient to solubilize the tissue and
form a substantially homogeneous solution. The viscos-
ity of the solubilized material can be varied by adjusting
the pH to create a gel, gel-sol, or completely liquid state.
The preparation of fluidized intestinal submucosa, for ex-

ample, is described in U.S. Pat. No. 5,275,826.
[0027] In still another embodiment, the present inven-
tion contemplates the use of powder forms of the tissue
regenerative composition. In one embodiment, a powder
form of tissue regenerative composition is created by
mincing or crushing the delaminated material to produce
particles ranging in size from 0.005 mm2 to 2.0 mm2. The
material, delaminated from unwanted tissue layers, is fro-
zen for example, in liquid nitrogen, to perform the crush-
ing procedure. Alternatively, the material is dehydrated
to perform the crushing procedure. The crushed form of
the material is then lyophilized to form a substantially
anhydrous particulate tissue regenerative composition.
[0028] Tissue compositions of the present invention
are suitable for many surgical and nonsurgical applica-
tions for the purpose of inducing reconstructive wound
healing and tissue restoration. For example, they are
used to replace damaged, diseased, or missing heart
valves, arteries, veins, urinary bladder, liver, portions of
the gastrointestinal tract, or they can be used as tem-
plates for repair or replacement of head and neck struc-
tures. The material, in any of a number of its solid or
fluidized forms, can be used as a scaffold for dermal or
epidermal repair, injected into various body sphincters
such as urinary sphincter or esophageal or gastric
sphincters, folded into a tube or partial tube as a conduit
for the restoration of nervous tissue or extruded or mold-
ed into any shape suitable for its application as a tissue
regenerative composition. The tissue regenerative com-
position of the invention can be sutured into place in its
solid sheet form, placed in wounds or body locations in
a gel form, or injected in its liquid or particulate form.
Tissue compositions of the present invention induce
growth of endogenous tissues including epithelial and
connective tissues when target tissues in vivo are placed
in contact with mammalian derived, devitalized tissue
compositions comprising at least a portion of an epithelial
basement membrane.

Urinary Bladder Matrix (UBM)

[0029] UBM compositions comprise at least type I and
type IV collagen, glycosaminoglycans, including hy-
aluronic acid, chondroitin sulfate A and B, heparin and
heparin sulfate. In addition, one or more of basic fibrob-
last growth factor, vascular endothelial cell growth factor
and TGF-beta are present in UBM.
[0030] The physical properties of UBM have been par-
tially characterized. UBM has a uniaxial strength of ap-
proximately 0.045-0.908 Kg (0.1-2.0 pound) per 1.0 cm
wide strip (measured with a material testing system ma-
chine via American Standards for Testing Materials pull-
ing at 2.54 cm/minute (1 inch/minute). The suture reten-
tion strength of the material is approximately 1.0-4.0
Newtons (N) per sheet layer, specifically, 4-18 N for a 4
layer matrix and 30 N - 120 N for a 30 layer matrix. The
ball burst test failure force is approximately 1.816-4.54
Kg (4-10 pounds) for each layer, specifically, 32-80 N for
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8 layers, 16-40 N for 4 layers, and 36-120 N for 12 layers.
[0031] The porosity index is defined as the amount of
water that flows through a material per cm2/minute at 120
mmHg pressure. Water porosity differs from one side of
UBM to the other depending on the direction of flow. Wa-
ter flows from the epithelial basement membrane to the
abluminal side at approximately 20% the rate of water
flow from the abluminal side to the epithelial basement
membrane side of the matrix. UBM also has viscoelastic
properties.
[0032] UBM can be sterilized by any of a number of
standard methods without loss of its ability to induce en-
dogenous tissue growth. For example, the material, after
rinsing in saline and peracetic acid at 0.05% to 1.0%, can
be sterilized by ethylene oxide treatment, gamma irradi-
ation treatment (0.5 to 2.5 mRad), gas plasma steriliza-
tion, or e-beam treatment. The material can also be ster-
ilized by treatment with glutaraldehyde that causes cross
linking of the protein material, but this treatment substan-
tially alters the material such that it is slowly resorbed or
not resorbed at all and incites a different type of host
remodeling which more closely resembles scar tissue
formation or encapsulation rather than constructive re-
modeling. Cross-linking of the protein material can also
be induced with carbodiimide or dehydrothermal or pho-
tooxidation methods.
[0033] The following examples will serve to better dem-
onstrate the successful practice of the present invention.

Exemplification

[0034] As exemplification of the utility of methods and
compositions of the invention, UBM is applied to heart
valve defects. As will be appreciated by those of ordinary
skill in the art, methods and compositions disclosed here-
in are applicable to other tissue regenerative composi-
tions derived from sources of epithelial tissue other than
the urinary bladder, from mammalian sources other than
pigs, and to tissue defects other than heart valve. More-
over, tissue regenerative composition of the invention
can be applied in a form other than a sheet or multilayer
sheet of material, for example, UBM may be applied as
an extract, in gel form, powdered form, tubular form,
sheet form, or as strips, cords or struts or mixed with
other pharmaceutical agents, for example, growth factors
and gene products. UBM may be extruded or molded in
or on a form to fit a particular application in the body. The
preparation of fluidized forms of tissue is described in
U.S. Patent No. 5,275,826, and the preparation of solid
sheets and strips of tissue is described in U.S. Patent
No. 5,711,969.

Application 1: Cardiac Tissue Repair

[0035] One embodiment, according to the invention,
is a tissue regenerative composition for repair or replace-
ment of cardiac tissues. Cardiac tissues include, but are
not limited to, diseased, damaged, or missing heart tissue

including myocardium, epicardium, endocardium, peri-
cardium, interatrial and interventricular septum and all
heart valves and associated valve leaflets including pul-
monic valve, aortic valve, right atrioventricular valve and
left atrioventricular valve and portions of adjacent vessels
of the heart including pulmonary artery, pulmonary vein,
aorta, inferior vena cava, and superior vena cava.
[0036] In this embodiment of the invention disclosed
herein, UBM was prepared from porcine urinary bladder
as described above, and used as autogenic and xeno-
genic anterior heart valve replacement leaflet of the pul-
monic valve in five pigs and three dogs.
[0037] UBM, configured as a single sheet of material
or as double thickness material, was cut with scissors or
a scalpel at the time of surgery to fit the pulmonic valve
anterior leaflet. UBM was sutured directly to the annulus
at the base of the valve. In the single sheet embodiment,
the epithelial basement membrane side of UBM was po-
sitioned on the right ventricular luminal side of the re-
placement valve leaflet and sutured directly to the annu-
lus of the pulmonic valve. In a double thickness embod-
iment of UBM, UBM was folded so that the epithelial
basement membrane was positioned on both surfaces,
i.e., ventricular and arterial surfaces, of the replacement
pulmonic valve leaflet, and sutured directly to the annulus
of the pulmonic valve.
[0038] The pulmonic valves of experimental dogs and
pigs were examined 6 and 12 weeks after valve replace-
ment. One dog was examined at 5 months after valve
leaflet replacement. Standard tissue fixation and his-
topathological techniques were used to examine the har-
vested valve leaflets.
[0039] At six weeks post valve leaflet replacement, ep-
ithelialization of the replacement valve leaflet was
present over the entire valve leaflet surface. Cells migrat-
ing over the valve leaflet surface stained positive by im-
munofluorescent staining for von Willebrand factor indi-
cating that these cells were of endothelial origin. In some
valve leaflets some of the endothelial cells had features
of early progenitor cells. Neovascularization, endothelial
cell infiltration, and deposition of extracellular matrix were
observed originating from the host tissue at the annulus
of the pulmonic valve and extending into the replacement
valve leaflet.
[0040] At twelve weeks and at five months post valve
leaflet replacement, none of the original UBM tissue com-
position was recognizable and restoration of the valve
leaflet was complete. Unexpected findings at all time
points examined included lack of endothelial invasion into
the replacement valve leaflet, lack of thrombosis, and
lack of calcification or cell-mediated rejection of the re-
placement valve leaflet. Moreover, the shape of the re-
placement valve leaflet was unchanged from the shape
of the original valve leaflet, at all time points examined.
[0041] Ultrasound studies of the pulmonic valve in pigs
at 8, 12, 16 and 20 weeks after valve replacement dem-
onstrated a competent valve.
[0042] In another embodiment of this aspect of the in-
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vention, fluidized, powderized, or pulverized forms of
UBM are applied to or injected into or adjacent to dis-
eased or defective cardiac tissue to promote endogenous
tissue repair. For example, fluidized UBM is injected into
or adjacent to a congenital interventricular septal defect,
congenital interatrial septal defect, or into the lumen of a
patent ductus arteriosus to promote endogenous growth
of tissue in these areas.
[0043] Application of UBM to cardiac tissues is accom-
plished by the application of several different surgical ap-
proaches. For example, a minimal invasive procedure is
used to approach the cardiac surgical site with the aid of
a laproscope. Alternatively, a thoracotomy is performed.
UBM is brought to the surgical site in any of its prepared
forms such as a sheet, loop, strip or as an injectable,
powered, or pulverized form. Sheets or strips of UBM are
custom-fit for the particular cardiac application before or
during the surgical procedure. Sheets or strips of UBM
are secured adjacent to or in the defective or diseased
cardiac tissue with sutures, staples, tissue glue, or any
other means known to one skilled in the art.

Application 2: Matrix for In Vitro Cell Proliferation

[0044] Human microvascular endothelial cells (HM-
VEC) form endothelium, a single layer of cells organized
on a basement membrane in vivo in a manner that mimics
epithelium. Studies were conducted in vitro using isolat-
ed HMVEC plated on (i) the epithelial basement mem-
brane side of a sheet of UBM, (ii) the abluminal surface
of UBM, (iii) small intestine submucosa tissue graft com-
position (SIS) prepared according to the methods dis-
closed in the ’508 and ’178 patents, and (iv) urinary blad-
der submucosa tissue composition (UBS) prepared ac-
cording the method disclosed in the ’389 patent.
[0045] HMVEC grew into the matrix and did not form
a confluent cell layer following three days’ growth when
plated on the surface of SIS and UBS regardless of
whether HMVEC were plated on the luminal or abluminal
surface of SIS or UBS.
[0046] HMVEC plated on the abluminal surface of
UBM grew into the matrix, proliferated and differentiated
into mature endothelial cells. Like HMVEC plated on the
abluminal surface of SIS and UBS, a confluent layer of
HMVEC was not formed on the abluminal surface of UBM
following three days’ growth.
[0047] In contrast to other previously known tissue re-
generative compositions such as SIS and UBS in these
studies, HMVEC plated on the epithelial basement mem-
brane side (luminal) of a sheet of UBM attached to UBM,
proliferated, differentiated and formed a confluent mon-
olayer following three days’ growth.

Application 3:

[0048] It is contemplated that the tissue graft compo-
sition of the present invention can be used to induce re-
pair or replacement of tissue in vivo, including connective

tissues, such as ligaments, tendons, cartilage, bone,
joints, and muscle, epithelial tissues, such as urinary
bladder, and other tissues of the urogenital tract, stom-
ach, esophagus, and other tissues of the gastrointestinal
tract, liver, nervous tissue, tissues of the head and neck,
skin, and other tissues using the same procedures de-
scribed in U.S. Patent Nos. 4,902,508; 4,956,178;
5,281,422; 5,352,463; 5,554,389; 5,275,826; 4,902,508;
5,372,821; 5,445,833; 5,516,533; 5,573,784; 5,641,518;
5,695,998; 5,711,969; 5,755,791; 5,762,966; and
5,885,619.
[0049] The tissue graft composition of the invention
can also be used with synthetic or non-synthetic poly-
mers for restoration of tissues.

Claims

1. A method of manufacture of a tissue graft composi-
tion, comprising:

soaking a mammalian epithelial tissue in a deep-
ithelializing solution to form a deepithelialized
tissue comprising at least a portion of an epithe-
lial basement membrane.

2. The method of claim 1, wherein

a) said deepithelializing solution comprises a
detergent;
b) said epithelial tissue comprises urinary blad-
der;
c) said epithelial tissue comprises intestine;
d) the method includes combining cells with said
deepithelialized tissue;
e) the method includes particularizing the deep-
ithelialized tissue;
f) the method includes solubilizing the deepithe-
lialized tissue;
g) the method includes combining said deepi-
thelialized tissue with a synthetic or non-synthet-
ic polymer;
h) the method includes molding or extruding said
deepithelialized tissue into a shape suitable for
implantation at an anatomical site in a patient.

3. The method according to claim 1 or claim 2, wherein
said deepithelialized tissue further comprises the bi-
otropic molecular layer that lies immediately subja-
cent to the epithelial basement membrane.

4. A devitalized matrix comprising;

a devitalized mammalian epithelial basement
membrane, as either
a powdered form of devitalized mammalian ep-
ithelial basement membrane; a gel-form of de-
vitalized mammalian epithelial basement mem-
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brane;
a dehydrated form of devitalized mammalian ep-
ithelial basement membrane; a hydrated form
of devitalized mammalian epithelial basement
membrane;
a lyophilized form of devitalized mammalian ep-
ithelial basement membrane;
a fluidized form of devitalized mammalian epi-
thelial basement membrane;
a tubular form of devitalized mammalian epithe-
lial basement membrane; or
a strip of devitalized mammalian epithelial base-
ment membrane.

5. The matrix according to claim 4, wherein said devi-
talized matrix further comprises the biotropic molec-
ular layer that lies immediately subjacent to the ep-
ithelial basement membrane.

6. A method of manufacture of a devitalized tissue graft
composition, comprising:

soaking a mammalian epithelial tissue in a deep-
ithelializing solution to form a deepithelialized
tissue comprising at least a portion of an epithe-
lial basement membrane and, optionally, partic-
ularizing said epithelial tissue wherein said
deepithelialized tissue is frozen then crushed or
minced to particularize; or

wherein said epithelial tissue is crushed or minced
without freezing; or
wherein said epithelial tissue is dehydrated, then
crushed or minced.

7. The method according to claim 6, wherein said deep-
ithelialized tissue further comprises the biotropic mo-
lecular layer that lies immediately subjacent to the
epithelial basement membrane.

Patentansprüche

1. Ein Verfahren zur Herstellung einer Gewebetrans-
plantatzusammensetzung, umfassend; Einweichen
eines Säuger-Epithelgewebes in einer entepitheli-
sierenden Lösung, um ein entepithelisiertes Gewe-
be zu bilden, das mindestens einen Teil einer epi-
thelialen Basalmembran umfasst.

2. Das Verfahren nach Anspruch 1, wobei

a) die entepithelisierende Lösung ein Detergens
umfasst;
b) das Epithelgewebe Harnblase umfasst;
c) das Epithelgewebe Darm umfasst;
d) das Verfahren das Kombinieren von Zellen
mit dem entepithelisierten Gewebe umfasst;

e) das Verfahren das Zerkleinern des entepithe-
lisierten Gewebes umfasst;
f) das Verfahren das Solubilisieren des entepi-
thelisierten Gewebes umfasst;
g) das Verfahren das Kombinieren des entepi-
thelisierten Gewebes mit einem synthetischen
oder nicht synthetischen Polymer umfasst;
h) das Verfahren das Pressformen oder Extru-
dieren des entepithelisierten Gewebes zu einer
Form umfasst, die zur Implantation an einer ana-
tomischen Stelle in einem Patienten geeignet
ist.

3. Das Verfahren nach Anspruch 1 oder Anspruch 2,
wobei das entepithelisierte Gewebe weiterhin die
biotrope Molekularschicht umfasst, die unmittelbar
unter der epithelialen Basalmembran liegt.

4. Eine devitalisierte Matrix umfassend:

eine devitalisierte epitheliale Säuger-Basal-
membran, als entweder
eine pulverisierte Form von devitalisierter epi-
thelialer Säuger-Basalmembran;
eine Gelform von devitalisierter epithelialer Säu-
ger-Basalmembran;
eine dehydratisiert Form von devitalisierter epi-
thelialer Säuger-Basalmembran;
eine hydratisierte Form von devitalisierter epi-
thelialer Säuger-Basalmembran;
eine lyophilisierte Form von devitalisierter epi-
thelialer Säuger-Basalmembran;
eine fluidisierte Form von devitalisierter epithe-
lialer Säuger-Basalmembran;
eine tubuläre Form von devitalisierter epithelia-
ler Säuger-Basalmembran;
einen Streifen von devitalisierter epithelialer
Säuger-Basalmembran.

5. Die Matrix nach Anspruch 4, wobei die devitalisierte
Matrix weiterhin die biotrope Molekularschicht um-
fasst, die unmittelbar unter der epithelialen Basal-
membran liegt.

6. Ein Verfahren zur Herstellung einer devitalisierten
Gewebetransplantatzusammensetzung umfas-
send:

Einweichen eines Säuger-Epithelgewebes in ei-
ner entepithelisierenden Lösung, um ein ente-
pithelisiertes Gewebe zu bilden, das minde-
stens einen Teil einer epithelialen Basalmem-
bran umfasst, und gegebenenfalls Zerkleinern
des Epithelgewebes, wobei das entepithelisier-
te Gewebe tiefgefroren und dann zur Zerkleine-
rung zerstoßen oder fein gemahlen wird; oder

wobei das Epithelgewebe ohne Tiefgefrieren zersto-
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ßen oder fein gemahlen wird; oder
wobei das Epithelgewebe dehydratisiert und dann
zerstoßen oder fein gemahlen wird.

7. Das Verfahren nach Anspruch 6, wobei das entepi-
thelisierte Gewebe weiterhin die biotrope Molekular-
schicht umfasst, die unmittelbar unter der epithelia-
len Basalmembran liegt.

Revendications

1. Procédé de fabrication d’une composition de greffe
tissulaire, comprenant :

l’immersion d’un tissu épithélial de mammifère
dans une solution de dé-épithélialisation pour
former un tissu dé-épithélialisé comprenant au
moins une partie d’une membrane basale épi-
théliale.

2. Procédé selon la revendication 1, dans lequel

a) ladite solution de dé-épithélialisation com-
prend un détergent ;
b) ledit tissu épithélial comprend la vessie
urinaire ;
c) ledit tissu épithélial comprend l’intestin ;
d) le procédé comprend la combinaison de cel-
lules avec ledit tissu dé-épithélialisé ;
e) le procédé comprend la particularisation du
tissu dé-épithélialisé ;
f) le procédé comprend la solubilisation du tissu
dé-épithélialisé ;
g) le procédé comprend la combinaison dudit
tissu dé-épithélialisé avec un polymère synthé-
tique ou non synthétique ;
h) le procédé comprend le moulage ou l’extru-
sion dudit tissu dé-épithélialisé sous une forme
appropriée pour une implantation au niveau d’un
site anatomique dans un patient.

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel ledit tissu dé-épithélialisé comprend
en outre la couche moléculaire biotrope qui se trouve
immédiatement sous-jacente à la membrane basale
épithéliale.

4. Matrice dévitalisée comprenant :

une membrane basale épithéliale de mammifè-
re dévitalisée ; sous l’une des formes
suivantes :

une forme pulvérulente de membrane ba-
sale épithéliale de mammifère dévitalisée ;
une forme de gel de membrane basale épi-
théliale de mammifère dévitalisée ;

une forme déshydratée de membrane ba-
sale épithéliale de mammifère dévitalisée ;
une forme hydratée de membrane basale
épithéliale de mammifère dévitalisée ;
une forme lyophilisée de membrane basale
épithéliale de mammifère dévitalisée ;
une forme fluidisée de membrane basale
épithéliale de mammifère dévitalisée ;
une forme tubulaire de membrane basale
épithéliale de mammifère dévitalisée ; ou
une bande de membrane basale épithéliale
de mammifère dévitalisée.

5. Matrice selon la revendication 4, ladite matrice dé-
vitalisée comprenant en outre la couche moléculaire
biotrope qui se trouve immédiatement sous-jacente
à la membrane basale épithéliale.

6. Procédé de fabrication d’une composition de greffe
tissulaire dévitalisée, comprenant :

l’immersion d’un tissu épithélial de mammifère
dans une solution de dé-épithélialisation pour
former un tissu dé-épithélialisé comprenant au
moins une partie d’une membrane basale épi-
théliale et, éventuellement, la particularisation
dudit tissu épithélial, dans lequel ledit tissu dé-
épithélialisé est congelé puis broyé ou émincé
pour être particularisé ; ou

dans lequel ledit tissu épithélial est broyé ou émincé
sans congélation ; ou
dans lequel ledit tissu épithélial est déshydraté, puis
broyé ou émincé.

7. Procédé selon la revendication 6, dans lequel ledit
tissu dé-épithélialisé comprend en outre la couche
moléculaire biotrope qui se trouve immédiatement
sous-jacente à la membrane basale épithéliale.
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