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Methods of Removing Alpha-Galactose

[0001] —

[0002] The present disclosure relates generally to methods of preparing
and using tissue matrices lacking some or all galactose alpha-1,3-galactose
epitopes.

[0003] Various tissue-derived products are used to repair, regenerate,
heal, or otherwise treat diseased or damaged tissues and organs. Such products can
include intact tissue grafts and/or partially or completely decellularized tissues.
These tissue products can be provided from various donor sources, including tissue
harvested from the recipient (i.e., autagrafts), from another member of the same
species (i.e., allografts), or from a different species (i.e., xenografts). While
autografts and allografts may reduce the possibility of rejection due to the expression
of species-specific proteins in the donor tissue, those donor sources may be
impractical or incapable of providing sufficient material at the time of surgical use.
[0004] Accordingly, alternative xenograft sources may be sought. One
issue with xenotransplantation is that the donor may express enzymes or other
proteins in the tissue that are not expressed by the recipient, heightening the
possibility of rejection. For instance, animals (e.g., humans or other primates) that do
not express the enzyme UDP-galactose:beta-D-galactosyl-1,4-N-acetyl-D-
glucosaminide alpha-1,3-galactosyl-transferase (“alpha-1,3 galactosyltransferase” or
“alpha GT"), which catalyzes the formation of the terminal disaccharide galactose

alpha-1,3 galactose (“alpha-gal”), can exhibit an increased immune response and
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hyperacute rejection of xenografts from animals (e.g., pigs or other non-primate
mammals) expressing the alpha-gal epitope on the surface of cells in a tissue graft.
[0005] Elimination of the alpha-gal epitopes from a tissue product may
diminish the immune response against the composition. U. Galili et al., J. Biol.
Chem. 263: 17755 (1988). As such, methods are needed for removing alpha-gal
epitopes from donor tissues intended for implantation into recipients (e.g., humans)
that do not express alpha-gal epitopes.

[0006] Accordingly, in various embodiments, methods are disclosed for
removing alpha-gal from a decellularized tissue. The methods can comprise
selecting at least one collagen-containing tissue matrix containing galactose alpha-
1,3-galactose moieties; and contacting the at least one tissue matrix with at least one
proteolytic enzyme under conditions sufficient to remove galactose alpha-1,3-
galactose moieties from the tissue.

[0007] The enzymes can include alcalase, bromelain, dispase, or trypsin.
And the method can further comprise performing an assay to determine if galactose
alpha-1,3-galactose moieties have been removed from the at least collagen-
containing tissue matrix.

[0008] Tissue products produced using the methods are also provided. In
addition, methods of treatment using the tissue products or tissue products produced
by the disclosed methods are provided. An enzymatically treated tissue product is
further provided. The tissue product can include an acellular tissue matrix prepared
from a wild-type porcine collagen-containing tissue, wherein the collagen-containing
tissue has been enzymatically treated to remove substantially all galactose alpha-
1,3-galactose moieties from the tissue using a protease that is not specifically

directed towards galactose alpha-1,3-galactose moieties. In some embodiments, the
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tissue matrix is from a non-primate animal that produces alpha-galactose, and the
tissue matrix has been further processes to substantially or completely remove
alpha-galactose from the collagen-containing tissue matrix.

[0009] The at least one collagen-containing tissue matrix can be contained
within a cellular tissue, and the method can further comprise decellularizing the
cellular tissue. In some embodiments, the tissue matrix is completely decellularized;
and the tissue matrix can comprise an acellular matrix.

[0010] In some embodiments, the proteolytic enzyme removes galactose
alpha-1,3-galactose moieties without damaging the at least one tissue matrix.

[0011] In some embodiments, the assay comprises measuring a
concentration of galactose alpha-1,3-galactose moieties. The assay can comprise an
histochemical assay or an immuno assay.

[0012] The protease can include at least one of alcalase and trypsin, and
the protease is used at a concentration ranging from about 0.0001% to about 0.1%
and for a period of time ranging from about 0.5 hours to about 24 hours. The
protease can also include at least one of bromelain and dispase, and the protease is
used at a concentration ranging from about 10 units/liter to about 200 units/liter and
for a period of time ranging from about 1 hour to about 24 hours. The method can
further comprise contacting the tissue with an alpha-galactosidase.

[0013] The at least one collagen-containing tissue matrix can comprise a
tissue matrix from at least one of bone, skin, adipose tissue, dermis, intestine,
urinary bladder, tendon, ligament, muscle, fascia, vascular, neurologic, vessel, liver,
heart, lung, kidney, and cartilage tissue. The tissue can be obtained from one or

more different animals or tissue sources. The at least one collagen-containing tissue
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matrix can be a porcine tissue matrix such as a porcine acellular dermal tissue
matrix

[0014] The method can further comprise adding one or more viable and
histocompaitible cells to the tissue product, such as mammalian cells, including
mammalian stem cells.

[0015] In some embodiments, at least one additional factor selected from
an anti-inflammatory agent, an analgesic, a cell growth factor, an angiogenic factor,
a differentiation factor, a cytokine, a hormone, and a chemokine is added to the
tissue product. The at least one additional factor can be encoded by a nucleic acid
sequence contained within an expression vector, which may be contained within one
or more viable and histocompatible cells.

[0016] The method can further comprise treating the at least one collagen-
containing tissue matrix to reduce bioburden. Treating the at least one collagen-
containing tissue matrix to reduce bioburden can comprise irradiating the tissue

product.

DESCRIPTION OF THE DRAWINGS
[0017] Figures 1A-1H are black and white drawings illustrating results of
immunohistochemical staining for alpha-gal moieties with untreated porcine acellular
dermis (no enzyme used to remove alpha-gal), and porcine acellular dermis samples
treated with bromelain, alcalase, and trypisin, each with and without alpha-
galactosidase treatment, according to the methods of Example 1.
[0018] Figure 2 illustrates results of inhibition ELISA measurements of the
percentage of alpha-gal remaining in acellular dermal matrices as untreated controls,

and acellular dermal matrices treated with various enzymes.



DESCRIPTION OF CERTAIN EXEMPLARY EMBODIMENTS
[0019] Reference will now be made in detail to certain exemplary
embodiments according to the present disclosure, certain examples of which are

illustrated in the accompanying drawings.

[0020] The section headings used herein are for organizational purposes

only and are not to be construed as limiting the subject matter described.

[0021] In this application, the use of the singular includes the plural unless
specifically stated otherwise. Also in this application, the use of “or” means “and/or”
unless stated otherwise. Furthermore, the use of the term “including,” as well as
other forms, such as “includes” and “included,” are not limiting. Any range described
herein will be understood to include the endpoints and any values between the

endpoints.

[0022] Disclosed herein are methods for preparing tissue products having
reduced immunogenicity when implanted in humans or non-human primates by
removing some or all alpha-gal epitopes. Various human or other animal tissues and
various methods can be used to prepare the tissue products. For example, the

compositions can be prepared by selecting a porcine tissue; optionally
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decellularizing the tissue to produce a collagen-containing tissue matrix; and
exposing the tissue to one or more proteases, e.g., alcalase, bromelain, trypsin,
and/or dispase, for a period of time and at a concentration sufficient to remove a
desired amount of alpha-gal moieties. In some embodiments, the removal of alpha-
gal moieties can be measured and/or confirmed following exposure to the protease.
In certain embodiments, the enzyme can include an enzyme that is not an alpha-

galactosidase, i.e., is not specific for alpha-galactose cleavage.

[0023] In various embodiments, the tissue products can comprise intact
tissue, partially or completely decellularized tissue matrices, and/or decellularized
tissues that have been seeded with one or more cells. In some embodiments,
removal of some or all of the alpha-gal epitopes can be confirmed, e.g., by direct
measurement and comparison of the alpha-gal concentration on the surface of a
sample of the protease-treated tissue product against the concentration in an
untreated tissue. In some embodiments, removal can be confirmed by comparison of
the immune and/or inflammatory response in the protease treated tissue against the

response in an untreated tissue.

[0024] As used herein, the term “tissue matrix” refers to a three-
dimensional collagen and protein structure forming a network of fibers having a
shape and orientation similar to the shape and orientation of a the collagen and
protein network found in a naturally occurring tissue. Cells from the naturally

occurring tissue can be removed to provide an acellular tissue matrix.

[0025] According to various embodiments, the materials and methods
provided herein can be used to make a tissue product that is a biocompatible implant
(e.g., a biocompatible tissue graft). As used herein, a “biocompatible” implant is one

that has the ability to support the migration and proliferation of native cells from

6



CA 02925332 2016-03-23

WO 2015/066668 PCT/US2014/063796

surrounding tissue into an implanted tissue product and/or to be implanted without
inducing a substantial immune response. As used herein, the terms “native cells”
and “native tissue” mean the cells or tissue present in the recipient organ or tissue
prior to implantation of a tissue product, or the cells or tissue produced by the host
animal after implantation. Biocompatible implants may support native cellular activity
necessary for tissue regeneration, repair, healing, or treatment and may not elicit a
substantial immune response that prevents such cellular activity. As used herein, a
“substantial immune response” is one that prevents partial or complete tissue

regeneration, repair, healing, or treatment.

[0026] The tissue products produced according to the methods discussed
herein can be used, in certain embodiments, to regenerate, repair, replace, heal,
augment, reinforce, and/or treat native tissues that have been damaged or lost due
to various diseases and/or structural damage (e.g., from trauma, surgery, atrophy,
and/or long-term wear and degeneration). The compositions of the present
disclosure can also be used, in certain embodiments, for cosmetic purposes to repair
or alter the appearance or feel of a native tissue. The tissue products made using the
methods discussed herein can have reduced inflammatory responses or other
responses and therefore may reduce the possibility of implant rejection (e.g., due to
an immune response to xenogenic epitopes such as alpha-gal on a tissue product).
For example, a tissue product substantially free of alpha-gal moieties can be used as
a tissue graft, thereby reducing the risk of rejection or an inflammatory immune

response to the graft.
Removal of Alpha-1,3-Galactose Epitopes

[0027] In various embodiments, alpha-gal epitopes can be removed from a

tissue product prior to transplantation by exposing the tissue product to a protease
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such as alcalase, bromelain, trypsin, or dispase at a sufficient concentration and for
a period of time sufficient to remove a desired amount of alpha-gal epitopes. In some
embodiments, the protease enzyme is selected for its ability to remove alpha-gal
while minimizing damage to the extracellular matrix of the tissue. In some
embodiments, the methods herein are used to remove alpha-gal without damaging

the extracellular matrix of the tissue.

[0028] In various embodiments, the enzymes, enzyme concentrations, and
treatment times are also selected to control other mechanical or biological
properties. For example, the enzymes and treatment conditions may be selected to
produce a tissue product with desirable mechanical or biological properties as

described in copending U.S. Application Numbers 13/457,791 and 14/019,274.

[0029] In various embodiments, the methods disclosed herein can be used
to remove a sufficient amount of alpha-gal moieties such that the tissue product does
not induce a substantial immune response following implantation. In some
embodiments, the methods disclosed herein can be used to remove substantially all
the alpha-gal epitopes on a tissue product (e.g., at least about 95, 96, 97, 98, 99,
99.5, 99.9, or 99.99%, or 100%, or any percentage in between). In some
embodiments, a sufficient percentage of alpha-gal epitopes are removed such that
the tissue products have at least about a 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100%
reduction in inflammation or immune response following implantation, as compared
to the response to an untreated tissue (or any percentage in between). In some
embodiments, a sufficient percentage of alpha-gal epitopes are removed such that
the tissue products have at least about a 2, 3, 4, 5, or more fold reduction in
inflammation or immune response, as compared to the response to an untreated

tissue.
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[0030] The tissue products disclosed herein can comprise any tissue
suitable for implantation from an animal (e.g., pigs or other non-primate mammals)
following removal of alpha-gal epitopes. Tissue from one or more different animals
can be used in the tissue products. The tissue can be, e.g., one or more of fascia,
pericardial tissue, dura, adipose tissue, umbilical cord tissue, placental tissue,
cardiac valve tissue, ligament tissue, tendon tissue, arterial tissue, venous tissue,
neural connective tissue, urinary bladder tissue, ureter tissue, skin, dermal tissue,
heart tissue, lung tissue, liver tissue, and intestinal tissue, among other exemplary
tissue sources. In some embodiments, the tissue can be acellular, partially
decellularized, and/or decellularized tissue that has been repopulated with
exogenous cells, so long as the tissue retains at least some of the extracellular
matrix scaffold found in native tissue prior to decellularizing. If a decellularized tissue
is used, it can be decellularized before, at the same time, or after treatment to

remove alpha-gal epitopes.

[0031] In some embodiments, the tissue in a tissue product is provided by
harvesting from a donor tissue source. In some embodiments, the harvested tissue
provides a porous extracellular scaffold structure into which cells from surrounding
native tissue can migrate and proliferate after implantation of a tissue product into a
host site. In some embodiments, the tissue is partially or completely decellularized.
Alternatively, any other suitable decellularized tissue matrices may be used. For
example, a number of biological scaffold materials are described by Badylak et al.,
and the methods of the present disclosure can be used to produce a tissue product
using any of those materials, or any other similar materials. Badylak et al.,

“Extracellular Matrix as a Biological Scaffold Material: Structure and Function,” Acta



Biomaterialia (2008), doi:10.1016/j.actbio.2008.09.013.

[0032] In various embodiments, alpha-gal epitopes can be removed from a
tissue in a tissue product by exposure to a protease enzyme, such as alcalase,
bromelain, trypsin, or dispase at a sufficient concentration and for a period of time
sufficient to remove a desired percentage of epitopes. For example, a sample of
tissue can be exposed to alcalase and/or trypsin at a concentration ranging from
about 0.0001% to about 0.1% (e.g., about 0.0001, 0.0002, 0.0003, 0.0004, 0.0005,
0.0006, 0.0007, 0.0008, 0.0009, 0.001, 0.005, 0.01, 0.05, or 0.1%, or any
percentage in between). In some embodiments, the tissue can be exposed to the
about 0.0001% to about 0.1% alcalase and/or trypsin for a period of time ranging
from about 0.5 hours to about 24 hours (e.g., about 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5,6,7,8,9, 10, 15, 20, or 24 hours, or any time period in between). In some
embodiments, a higher concentration of enzyme is paired with a shorter incubation
time, or a lower concentration with a longer incubation time. In some embodiments,
the exposure to alcalase and/or trypsin can be at a temperature ranging from about

15-40°C.

[0033] In another example, a sample of tissue can be exposed to
bromelain and/or dispase at a concentration ranging from about 10 units/liter to
about 200 units/liter (e.g., about 10, 15, 20, 25, 50, 75, 100, 125, 150, 175, or 200
units/liter, or any concentration in between). In some embodiments, the tissue can be
exposed to about 10 units/liter to about 200 units/liter bromelain and/or dispase for a
period of time ranging from about 1 hour to about 24 hours (e.g., about 1, 1.5, 2, 2.5,
3,35,4,45,5,6,7,8,9, 10, 15, 20, or 24 hours, or any time period in between). In

some embodiments, a higher concentration of enzyme is paired with a shorter

10
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incubation time, and a lower concentration with a longer incubation time. In some
embodiments, the exposure to bromelain and/or dispase can be at a temperature

ranging from about 15-40°C.

[0034] In various embodiments, an advantage of removing alpha-gal
epitopes by exposing a tissue to one or more of alcalase, bromelain, trypsin, and
dispase is that these enzymes can also serve to alter the mechanical properties of
the tissue, e.g., to provide a tissue exhibiting a desired level of pliability and/or
softness (such as the softness and pliability of a native human tissue that is being
replaced by a xenograft). The use of these enzymes therefore may avoid or reduce
the need for separate treatment steps to remove alpha-gal and to alter the
mechanical properties of the tissue product, is so desired. This may reduce the
processing time for the preparation of a tissue product and/or reduce the risk of
tissue damage during processing and subsequent washing procedures. In some
embodiments, the concentration and/or duration of exposure to one or more of
alcalase, bromelain, trypsin, and/or dispase is selected to substantially remove
alpha-gal epitopes and to produce a tissue product having a desired degree of

pliability and/or softness.

[0035] In certain embodiments, a tissue exposed to one or more of
alcalase, bromelain, trypsin, and/or dispase can be exposed to one or more
additional enzymatic or chemical treatments to further remove alpha-gal epitopes or
other undesirable antigens, e.g., other antigens not normally expressed by the
recipient animal and thus likely to lead to an immune response and/or rejection of the
implanted tissue product. For example, in certain embodiments, the tissue can be
treated with alpha-galactosidase to further remove alpha-galactose (a-gal) moieties.

In other embodiments, any suitable alpha-galactosidase concentration and buffer

11



can be used, as long as sufficient antigen removal is achieved. In addition, certain
exemplary methods of processing tissues to reduce or remove alpha-1,3-galactose

moieties are described in Xu et al., Tissue Engineering, Vol. 15, 1-13 (2009).

[0036] The presence or absence of alpha-gal in treated tissues can be
evaluated in a number of ways. For example, in various embodiments,
immunohistochemical staining or immunoassays such as ELISA assays can be
used. Such staining can include, for example, binding of anti-body specific to alpha-
gal to a tissue sample, and causing a reporter molecule to be formed (e.g., by

binding an enzyme to the anti-body using one or more additional antibodies).
Decellularized Tissue Products

[0037] In various embodiments, a tissue product can comprise an intact or
decellularized tissue from a non-primate mammal that expresses alpha-gal epitopes
and from which the alpha-gal epitopes have been removed by exposing the tissue to
one or more protease enzymes, such as alcalase, bromelain, trypsin, and/or
dispase. In some embodiments, the tissue can be partially or completely
decellularized but retains at least some components of the extracellular matrix into
which native cells from tissue surrounding an implanted tissue product can migrate
and proliferate, thereby enhancing the speed or overall level of repair, regeneration,
healing, or treatment of native tissue. Decellularization can be done before, at the
same time, and/or after exposing the tissue to one or more protease enzymes, such
as alcalase, bromelain, trypsin, and/or dispase. In one embaodiment, decellularization

is done after exposure to the one or more proteases.

12
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[0038] In some embodiments, a tissue product can be derived from any
tissue that is suitable for decellularization and subsequent implantation. Exemplary
tissues include, but are not limited to, bone, skin, adipose tissue, dermis, intestine,
urinary bladder, tendon, ligament, muscle, fascia, neurologic tissue, vessel, liver,
heart, lung, kidney, cartilage, and/or any other suitable tissue. In certain
embodiments, the tissue product can include a decellularized soft tissue. For
example, the tissue product can include partially or completely decellularized dermis.
In other embodiments, the tissue product can comprise partially or completely

decellularized small intestine submucosa.

[0039] Exemplary methods for decellularizing tissue are disclosed in U.S.
Patent 6,933,326 and U.S. Patent Application 2010/0272782,

In various embodiments, the general
steps involved in the production of a partially or completely decellularized tissue
matrix include harvesting tissue from a donor source and removing cells under
conditions that preserve biological and structural function. In certain embodiments,
the harvested tissue can be washed to remove any residual cryoprotectants and/or
other contaminants. Solutions used for washing can be any physiologically-
compatible solution. Examples of suitable wash solutions include distilled water,

phosphate buffered saline (PBS), or any other biocompatible saline solution.

[0040] In certain embodiments, the decellularization process includes
chemical treatment to stabilize the harvested tissue so as to avoid biochemical and
structural degradation before, during, or after cell removal. In various embodiments,
the stabilizing solution arrests and prevents osmotic, hypoxic, autolytic, and/or
proteolytic degradation; protects against microbial contamination; and/or reduces

mechanical damage that can occur during decellularization of tissues that contain,

13
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for example, smooth muscle components (e.g., blood vessels). The stabilizing
solution may contain an appropriate buffer, one or more antioxidants, one or more
oncotic agents, one or more antibiotics, one or more protease inhibitors, and/or one

or more smooth muscle relaxants.

[0041] In various embodiments, the tissue is then placed in a
decellularization solution to remove some or all viable cells (e.g., epithelial cells,
endothelial cells, smooth muscle cells, and fibroblasts, etc.) from the extracellular
matrix without damaging the biological and/or structural integrity of the extracellular
matrix. The decellularization solution may contain an appropriate buffer, salt, an
antibiotic, one or more detergents (e.g., TRITON X-100™, sodium dodecy! sulfate,
sodium deoxycholate, polyoxyethylene (20) sorbitan mono-oleate, etc.), one or more
agents to prevent cross-linking, one or more protease inhibitors, and/or one or more

enzymes.

[0042] In certain embodiments, decellularization completely or
substantially removes all cells normally present in the tissue from which the tissue
product is derived. As used herein, “substantially free of all cells” means that the
tissue product contains less than 20%, 10%, 5%, 1%, 0.1%, 0.01%, 0.001%, or
0.0001% (or any percentage in between) of the cells that normally grow within the

acellular matrix of the tissue prior to decellularization.

[0043] Tissue products, as disclosed herein, can comprise one or more
elements comprising partially or completely decellularized tissues having an acellular
tissue matrix and/or intact tissues that have not been decellularized. In one
embodiment, the tissue product comprises elements having an acellular dermal
tissue matrix. In certain embodiments, the decellularized tissue is selected from one

or more of fascia, pericardial tissue, dura, umbilical cord tissue, placental tissue,

14
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cardiac valve tissue, ligament tissue, tendon tissue, arterial tissue, venous tissue,
neural connective tissue, urinary bladder tissue, ureter tissue, skin, dermal tissue,

heart tissue, lung tissue, liver tissue, and intestinal tissue.

[0044] In certain embodiments, after decellularization of a tissue in a tissue
product, histocompatible/viable cells may optionally be seeded in the acellular tissue
matrix. In some embodiments, histocompatible viable cells may be added to the
matrices by standard in vitro cell co-culturing techniques prior to transplantation, or
by in vivo repopulation following transplantation. In vivo repopulation can be by the
migration of native cells from surrounding tissue into the tissue matrix or by infusing
or injecting histocompatible cells obtained from the recipient or from another donor
into the tissue matrix in situ. Various cell types can be used, including stem cells
such as embryonic stem cells and/or adult stem cells. Any other viable cells that are
histocompatible with the patient in which they are being implanted can also be used.
In some embodiments, the histocompatible cells are mammalian cells. Such cells
can promote native tissue migration, proliferation, and/or vascularization. In certain
embodiments, the cells can be directly applied to the tissue matrix just before or after

implantation.

[0045] In some embodiments, a tissue product can be treated to reduce a
bioburden (i.e., to reduce the number of microorganisms growing on the tissue). In
some embodiments, the tissue product is treated such that it lacks substantially all
bioburden (i.e., the tissue product is aseptic or sterile). As used herein, “substantially
all bioburden” means that the concentration of microorganisms growing on the tissue
product is less than 1%, 0.1%, 0.01%, 0.001%, or 0.0001% of that growing prior to
bioburden treatment, or any percentage in between. Suitable bioburden reduction

methods are known to one of skill in the art and may include exposing the tissue
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product to radiation. Irradiation may reduce or substantially eliminate bioburden.
Suitable forms of radiation can include gamma radiation, e-beam radiation, and X-
ray radiation. Other irradiation methods are described in U.S. Application

2010/0272782.

[0046] In some embodiments, one or more additional agents can be added
to the tissue product. In some embodiments, the additional agent can comprise an
anti-inflammatory agent, an analgesic, or any other desired therapeutic or beneficial
agent. In certain embodiments, the additional agent can comprise at least one added
growth or signaling factor (e.g., a cell growth factor, an angiogenic factor, a
differentiation factor, a cytokine, a hormane, and/or a chemokine). These additional
agents can promote native tissue migration, proliferation, and/or vascularization. In
some embodiments, the growth or signaling factor is encoded by a nucleic acid
sequence contained within an expression vector. Preferably, the expression vector is
in one or more of the viable cells that can be added, optionally, to the tissue product.
As used herein, the term “expression vector” refers to any nucleic acid construct that
is capable of being taken up by a cell, contains a nucleic acid sequence encoding a
desired protein, and contains the other necessary nucleic acid sequences (e.g.
promoters, enhancers, termination codon, etc.) to ensure at least minimal expression

of the desired protein by the cell.

[0047] The tissue products, as described above, may be provided
packaged, frozen, freeze-dried, and/or dehydrated. In certain embodiments, the
packaged tissue products are sterile. For example, a kit can comprise a hydrated,
frozen, freeze-dried, and/or dehydrated tissue product and instructions for preparing

and/or using the tissue products.
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Examples

[0048] The following examples serve to illustrate, and in no way limit, the

present disclosure.
Enzyme Treatment of pADMs

[0049] Porcine skin was collected from an abattoir and split by physically
removing the epidermis and subcutaneous fat. The remaining dermal tissue was de-
contaminated using antibiotic solutions. Following de-contamination, the tissue was

processed under aseptic conditions.

[0050] The dermal tissue was treated with one of the enzymes (bromelain,
alcalase, or trypsin) for the specified amount of time. For both alcalase and trypsin,
the concentrations used ranged from 0.1% to 0.00039% and the treatment time used
ranged from 1 hour to overnight (probably 16-18 hours). The temperatures used
were room temperature and 37°C. For bromelain, the concentrations used ranged
from 25 units/liter to 200 units/liter and the treatment used ranged from 6 hours to
overnight (probably 16-18 hours). The temperatures used were room temperature
and 37°C. For each of the three enzymes (alcalase, bromelain and trypsin), lower
concentrations and/or shorter treatment times will probably also still work but those
have not been tested yet. Generally, the lower the concentration, the longer the
treatment time will have to be for the enzyme(s) to have an effect on the tissues.
Treatment at 37°C may also enhance the rate and/or activity of enzyme treatment

such that lower concentrations and/or shorter treatment times can be used.

[0051] The tissue was then decellularized with detergents to remove viable

cells. Cellular debris and residual chemicals were removed by washing in PBS. The
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resulting porcine acellular dermal matrix (pADM) was stored at ambient temperature

until ready for use.
Alpha-Gal Detection Procedure

[0052] The presence of alpha-gal can be detected using a series of
antibodies and colormetric detection reagents. Tissues are first preserved in a
sucrose solution and then embedded in an embedding medium (OCT) and frozen in
liquid nitrogen. The frozen blocks containing the tissues were then cut into thin
(micron) sections using a cryostat microtome and placed onto a microscope slide.
The slides containing the tissues were blocked with a solution to prevent non-specific
binding and then incubated with a primary antibody, which is a biotinylated antibody
that specifically binds to alpha-gal residues. After the first antibody was washed off, a
second antibody (horseradish peroxidase conjugated streptavidin) was added to the
slides. The streptavidin in the second antibody binds to the biotin in the primary
antibody. After a period of incubation, the second antibody was also washed off after
which a detection reagent (DAB) is added to the slides. DAB deposits a brown stain

on the slide in the presence of horseradish peroxidase.

[0053] Figures 1A-1H are include black and white drawings representative
of immunohistochemical staining for alpha-gal moieties with untreated porcine
acellular dermis (no enzyme used to remove alpha-gal)(Fig. 1A), of porcine acellular
dermis samples treated with bromelain (Figs. 1E-1F), alcalase (Figs. 1C-D), and
trypisin (Figs. 1G-H), each with and without alpha-galactosidase treatment,
according to the methods of Example 1. As shown, samples treated with bromelain,

trypsin, and alcalase show no staining for alpha-gal moieties.
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Inhibition ELISA Quantitative Assay

[0054] Quantitative assessment of a-Gal content was measured using an
inhibition ELISA assay. Various acellular dermal matrices (ADMs) were minced and
incubated with anti-a-Gal antibody. After the incubation period, the supernatant
containing any unbound antibody was transferred to a 96 well plate coated with a-
Gal. The amount of unbound antibody present in the supernatant, which
subsequently bound to the well plate, was detected using an alkaline phosphatase
conjugated secondary antibody followed by p-Nitrophenyl phosphate detection

substrate.

[0055] ADMs that contain high levels of a-Gal captured most if not all anti-
a-Gal antibodies, leaving very little in the supernatant and thus, a low reading on the
well plate. In contrast, ADMs which contain low levels of a-Gal only capture low
levels, if any, of anti-a-Gal antibodies, leaving the majority of the antibodies in the
supernatant. Thus, supernatants from these samples produced very high readings

on the well plate.

[0056] The well plate readings were normalized to both positive and
negative controls. Since a-Gal is absent in human tissues but present in porcine
tissues, human acellular dermal matrices (hRADM) and porcine acellular dermal
matrices (pADM) without a-galactosidase treatment were used as the negative
control and positive controls, respectively. Treatment of pADM with a-galactosidase
reduced the content of a-Gal to approximately 30% of untreated pADM. Enzyme
(Alcalase or Trypsin) treatment of pADMs, in the absence of a-galactosidase,
reduced a-Gal content to levels comparable to, or lower than a-galactosidase

treatment (Figure 2).
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The preceding examples are intended to illustrate and in no way limit the
present disclosure. Other embodiments of the disclosed devices and methods
will be apparent to those skilled in the art from consideration of the

specification and practice of the devices and methods disclosed herein.
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WHAT IS CLAIMED IS:

1. A method of preparing a dermal tissue product, comprising:

selecting at least one collagen-containing tissue matrix within a cellular dermal tissue and
containing galactose alpha-1,3-galactose moieties; and

contacting the at least one collagen-containing tissue matrix contained within the cellular
dermal tissue with alcalase to remove galactose alpha-1,3-galactose moieties from the at least
one collagen-containing tissue matrix contained within the cellular dermal tissue;

thereby preparing a dermal tissue product.

2. The method of claim 1, wherein the method further comprises decellularizing the cellular
tissue following contacting the at least one collagen-containing tissue matrix contained within the

cellular dermal tissue with alcalase.

3. The method of claim 1 or claim 2, wherein the tissue matrix is completely decellularized.

4. The method of any one of claims 1 to 3, wherein the galactose alpha-1,3-galactose is

removed from the collagen-containing tissue matrix.

5. The method of any one of claims 1 to 4, wherein the alcalase removes galactose alpha-1,3-

galactose moieties without damaging the at least one collagen-containing tissue matrix.

6. The method of any one of claims 1 to 5, further comprising performing an assay to determine
if galactose alpha-1,3-galactose moieties have been removed from the at least collagen-

containing tissue matrix.
21
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7. The method of claim 6, wherein the assay comprises measuring a concentration of galactose

alpha-1,3-galactose moieties.

8. The method of claim 6, wherein the assay comprises an histochemical assay.

9. The method of claim 6, wherein the assay comprises an immunoassay.

10. The method of any one of claims 1 to 7, wherein the alcalase is used at a concentration

ranging from about 0.0001% to about 0.1% and for a period of time ranging from about 0.5 hours

to about 24 hours.

11. The method of any one of claims 1 to 10, further comprising contacting the tissue with alpha-

galactosidase following contacting the at least one collagen-containing tissue matrix contained

within the cellular dermal tissue with alcalase.

12. The method of any one of claims 1 to 11, wherein tissue from one or more different animals

or tissue sources are used.

13. The method of any one of claims 1 to 11, wherein the at least one collagen-containing tissue

matrix is a porcine tissue matrix.

14. The method of any one of claims 1 to 13, further comprising adding one or more viable and

histocompatible cells to the tissue product.

22

Date Regue/Date Received 2021-06-22



15. The method of claim 14, wherein the one or more viable and histocompatible cells are

mammalian cells.

16. The method of claim 14, wherein the one or more viable and histocompatible cells are stem

cells.

17. The method of any one of claims 1 to 16, further comprising treating the at least one

collagen-containing tissue matrix to reduce bioburden.

18. The method of claim 17, wherein treating the at least one collagen-containing tissue matrix to

reduce bioburden comprises irradiating the tissue product.
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