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FU CTIONA ZED TISSUE MATRICES

[0001] The present disclosure relates generally to methods of making and

using tissue treatment products comprising a structural scaffold and chelating

agents, which may be bound to metals and/or metal-binding proteins

[0002] Various products are currently used to repair, regenerate, heal, or

otherwise treat diseased or damaged tissues and organs These products can

include intact tissue grafts and/or partially or completely decellularized tissues.

Such materials provide a collagen-rich scaffold into which native cells from

surrounding cells can migrate and proliferate, thereby promoting or enhancing

repair, regeneration, or treatment. Implantation of foreign materials, however,

including foreign tissue materials, brings with it the potential to introduce

undesirable microbial contamination to the implant site. Furthermore, although

implanted materials can be coated in various bioactive substances to help promote

or enhance tissue repair, regeneration or treatment, those bioactive substances

may diffuse out of the implanted material, thereby reducing or eliminating their

beneficial effects.

[0003] Accordingly, disclosed herein are tissue treatment products

comprising aceiiular tissue matrices and/or other synthetic materials that are bound

to one or more chelating agents, metals, and/or metal-binding proteins. The tissue

treatment product can serve as a platform for the rapid and flexible attachment of

one or more chelating agents and/or metals, such as zinc or copper, that provide

antimicrobial properties and/or serve as a binding site for one or more

metailoenzymes or metal-binding proteins having desirable properties. The tissue

treatment products that are bound to one or more chelating agents, metals, and/or



metal-binding proteins can be implanted into a tissue in need of repair,

regeneration, and/or treatment. For example, the tissue treatment products can be

implanted in any tissue that has been separated by disease, trauma or surgery, or

following the surgical removal of bulk tissue, or as an implant for cosmetic

purposes.

[0004] In various embodiments, a tissue treatment product is disclosed,

comprising a porous material having a natural or artificial scaffold, wherein the

porous material comprises at least one of the following materials: an extracellular

matrix of a partially decellularized tissue, an extracellular matrix of a completely

decellularized tissue, and a porous synthetic scaffold material; and wherein at least

one chelating agent is covalently bound to the porous material. In some

embodiments, the tissue treatment product comprises at least one of a hyaluronic

acid derivative, chitosan, polycaprolactone, polygiycolide, polylacfide, poiydioxane,

a polyether ester, poly(lactide-co-glyco!ide), and/or polyhydroxyalkonate. In certain

embodiments, the tissue treatment product comprises a polyurethane material. In

other embodiments, the tissue treatment product comprises the extracellular matrix

of a partially or completely decellularized tissue selected from at least one of

human, nonhuman primate, pig, cow, horse, goat, sheep, dog, cat, rabbit, guinea

pig, gerbil, hamster, rat, and mouse tissue, or from at least one of bone, skin,

dermis, intestine, vascular, urinary bladder, tendon, ligament, muscle, fascia,

neurologic tissue, vessel, liver, heart, lung, kidney, and cartilage tissue.

[0005] In certain embodiments, the tissue treatment product further

comprises one or more viable cells, such as mammalian cells (e.g., stem cells) in

some embodiments, the tissue treatment product further comprises at least one

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.

[0008] In various embodiments, at least one chelating agent is covalently

bound to free amine, thiol, or hydroxy! groups on the porous material in the tissue

treatment product. n certain embodiments, the at least one chelating agent is at

least one of iminodiacetic acid ( DA), nitiiiotriacetic acid (NTA),

ethylenediaminetetraacetic acid (EDTA), and/or diethylenetriamsnepentaacetic acid

(DTPA) In some embodiments, the chelating agent is covalently bound to the

porous material in the tissue treatment product via an activating agent (e.g., N-

hydroxysu!fosuccinimide (NHS), suberic acid bis(N~hydroxysuccinimsde ester), 1,4-

butanedioi diglycidyl ether, epibromohydrin, and/or 1,2,7,8-diepoxyoctane).

[0007] In various embodiments, a tissue treatment product is

functionaiized with at least one metal that is bound to the at least one chelating

agent on the tissue treatment product. In some embodiments, the at least one

metal comprises at least one of calcium, zinc, copper, silver, cobalt, nickel,

manganese, and/or magnesium in certain embodiments, the at least one metal

has antimicrobial properties and/or the ability to interact with at least one metal-

binding protein.

[0008] In various embodiments, a tissue treatment product is

functionaHzed with at least one metal and/or at least one metal-binding protein that

binds the metal on the tissue treatment product. In some embodiments, the at least

one metal-binding protein has antimicrobial properties (e.g., lysostaphin). In some

embodiments, the at least one meta!-binding protein comprises at least one matrix

rnetalloproteinase, such as a collagenase, gelatinase, stromolysin, mathlysin,

and/or elastase.



[0009] In various embodiments, a kit is provided, comprising a tissue

treatment product, as disclosed herein, and instructions for using the kit. In some

embodiments, the kit is packaged under aseptic or sterile conditions

[00 ] In various embodiments, a method of making a tissue treatment

product is provided, comprising selecting a porous material having a natural or

artificial scaffold, wherein the material comprises at least one of the following

materials: an extracellular matrix of a partially deceiiularized tissue, an extracellular

matrix of a completely deceiiularized tissue, and a porous synthetic scaffold

material; and covaiently binding at least one chelating agent to the porous material.

In some embodiments, covaiently binding at least one chelating agent to the porous

material comprises first reacting the chelating agent with an activating agent (such

as N-hydroxysuSfosuccinimide (NHS), suberic acid bis(N-hydroxysuccinimide ester),

1,4~butanediol diglycidyl ether, epibromohydrin, and/or 1,2,7,8-diepoxyoctane) and

then covaiently binding the activated chelating agent to free amine, thiol, or

hydroxyl groups on the porous material. In some embodiments, the at least one

chelating agent comprises at least one of IDA, NTA, EDTA, and/or DTPA.

[00 ] In various embodiments, a method of making a tissue treatment

product further comprises functionalizing the tissue treatment product by contacting

the tissue treatment product with at least one metal (e.g., calcium, zinc, copper,

silver, cobalt, manganese, nickel, and/or magnesium) that can bind to the one or

more chelating agents on the tissue treatment product. In certain embodiments,

the at least one metal has antimicrobial properties and/or the ability to interact with

at least one metal-binding protein.

[0012] In various embodiments, a method of making a tissue treatment

product further comprises contacting the functionalized tissue treatment product



with at least one metal-binding protein h some embodiments, the at least one

metal-binding protein has antimicrobial properties (e.g., lysostaphin). In some

embodiments, the at least one metal-binding protein comprises at least one matrix

metalloproteinase such as a collagenase, gelatinase, stromolysin, matrilysin, and/or

elastase.

[0013] In some embodiments, a method of making a tissue treatment

product further comprises irradiating the tissue treatment product, for example with

15-25 kGy E-beam irradiation.

[0014] In various embodiments, a method of treatment is provided,

comprising implanting a tissue treatment product into a tissue in need of repair,

regeneration, healing, treatment, and/or alteration. In some embodiments, the

implanted tissue treatment product provides a structural scaffold into which native

cells from surrounding tissue can migrate and proliferate, thereby promoting or

enhancing tissue repair, regeneration, healing, treatment, and/or alteration. In

certain embodiments, the chelating agent(s) on a tissue treatment product can bind

and sequester at least one undesirable metal at the site of implantation. In certain

embodiments, the implanted tissue treatment product is functionalized with at least

one metal and has a lower level of bioburden, as compared to an implanted tissue

treatment product that is not functionalized with metal, at any point in time following

implantation into a host tissue. In some embodiments, the implanted tissue

treatment product is functionalized with at least one metal and at least one metal-

binding protein, and the implanted tissue treatment product has lower level of

bioburden, as compared to an implanted tissue treatment product that is not

functionalized with the metal-binding protein, at any point in time following

implantation into a host tissue. In certain embodiments, the implanted tissue



treatment product is functionalized with at least one metal and at least one matrix

metaiioproteinase, and the matrix rnetalloproteinase promotes and/or enhances

native cell proliferation, migration, differentiation, and/or angiogenesis, and/or

reduces inflammation at the site of implantation, as compared to an implanted

tissue treatment product that is not functionalized with a matrix rnetalloproteinase.

[0015] In some embodiments, a tissue treatment product is implanted for

cosmetic purposes for example, for use in combination with a breast implant. In

other embodiments, a tissue treatment product is implanted following the removal

of native tissue, for example after tumor removal. In still other embodiments, a

tissue treatment product is implanted following surgical separation of native tissues

or in a wound or other void space that occurs through injury or disease. In some

embodiments, implanting a tissue treatment product leads to faster healing, as

compared to healing in the absence of an implanted tissue treatment product.

[0018] In various embodiments, method of treatment is provided,

comprising the use of a tissue treatment product having a porous synthetic mate al

and at least one chelating agent that is covalently bound to the porous material. In

some embodiments, the tissue treatment product having a porous synthetic

material is used to seal the surface of a wound or surgical incision, and the tissue

treatment product provides a platform for the rapid attachment of metals and/or

metal-binding proteins prior to surgical use in a subject. In some embodiments, the

synthetic material is a polyurethane material. In certain embodiments, the tissue

treatment product is functionalized with at least one metal and/or at least one metal

binding protein. In some embodiments, using the tissue treatment product results

in a wound site or surgical incision that has a lower level of bioburden, as compared



to a wound site or surgical incision that is not contacted with a tissue treatment

product.

DESCRIPTION OF THE DRAWINGS

[0017] Fig 1A shows methods, according to certain embodiments of the

present disclosure, of preparing activated iminodiacetic acid (IDA) by reacting IDA

with N-hydroxysulfosuccinimide (NHS) to form an !DA-NHS derivative, or by

reacting IDA with epibromohydrin or 1,2,7,8-diepoxyoctane to form IDA-epoxide

derivatives. In the figure, DMSO refers to dimethyl sulfoxide, TMSCI refers to

trimethylsilyl chloride, DIEA refers to Ν,Ν-Diisopropylethylamine, eCN refers to

acetonitrile, and HC is hydrogen chloride.

[0018] Fig. 1B shows a method, according to certain embodiments, of

functionaSizing a tissue treatment product by binding zinc and lysostaphin to a

chelating agent on a tissue treatment product. The vertical bar n the figure

represents the tissue treatment product, while the objects marked as "1" "2" and "3"

represent a crosslinker, Zn ÷ , and lysostaphin.

[00 Fig. 2 shows bacterial colony forming units (CFUs) as a function of

the concentration (pg/m!) of lysostaphin in saline solution coated on acel!ular

porcine dermal samples after an overnight incubation with approximately Ε 6 S.

aureus at 37°C.

[0020] Fig. 3 shows bacterial concentration C U, plotted on a logarithmic

scale) after an overnight incubation with approximately ΕΛ6 S. aureus at 37°C for

tissue matrices functionalized with IDA only, with zinc only, or with IDA and zinc, as

well as for control samples and for inoculums samples. CFU measurements are

shown for tissue matrices inoculated with S. aureas after functionah'zation, as well



as for tissue matrices inoculated with S. aureas after functiona!szation and an

overnight wash in saline.

DESCRIPTION OF CERTAIN EXEMPLARY EMBODIMENTS

[0021] Reference wi!l now be made in detail to certain exemplary

embodiments according to the present disclosure, certain examples of which are

illustrated in the accompanying drawings

[0022] in various embodiments, tissue treatment products are provided.

In some embodiments, a tissue treatment product comprises the extracellular

matrix of a partially or completely decellularized human or animal tissue. In other

embodiments, a tissue treatment product comprises a synthetic material containing

a structural scaffold into which native cells can migrate from tissue surrounding an

impianted tissue treatment product and proliferate, thereby promoting tissue repair,

regeneration, and/or treatment. In some embodiments, a tissue treatment product

comprises at least one partially or completely decellularized human or animal tissue

and at least one synthetic material containing a structural scaffold

[0023] In certain embodiments, a tissue treatment product can be bound

to at least one chelating agent. The chelating agents on the tissue treatment

product can be used to sequester undesirable or harmful metals at the site of

implantation. Alternatively, in certain embodiments the tissue treatment product

can provide a flexible platform for the addition of a variety of additional functional

reagents. For example, the one or more chelating agents on a tissue treatment

product can be used to immobilize one or more metais, thereby yielding

functionalized tissue treatment products. The metais can be chosen, in certain

embodiments, for their antimicrobial properties, e.g., their ability to reduce or



prevent the growth of microorganisms on a tissue treatment product after

implantation into a recipient tissue. For example, the metal bound to the tissue

treatment product can be silver, a metal that can inhibit the growth on an implanted

tissue treatment product of microorganisms from the host environment.

Furthermore, in some embodiments, immobilizing the antimicrobial metal on the

tissue treatment product via a chelating agent reduces the amount of metai that will

leach out of the tissue treatment product. Thus, in certain embodiments, a higher

!oca! concentration of antimicrobial metal can be achieved at the site of

implantation while using a lower overall concentration.

[0024] in certain embodiments, the at least one metal bound to a tissue

treatment product can be used to immobilize at least one metailoenzyme or other

metal-binding protein on the product. The metai can be any metal (e.g., calcium,

zinc, copper, cobalt, nickel, manganese, or magnesium) suitable for binding to a

desired metailoenzyme or other metal-binding protein. The metailoenzyme or

metal-binding protein can be chosen to provide any desired beneficial property after

implantation into a tissue in need thereof. For example, the metailoenzyme can be

lysostaphin, a peptidase that binds to zinc and can be used to reduce bioburden on

a tissue treatment product. In another example, a tissue treatment product can be

functionalized with one or more matrix metalioproteinases, which are important for

regulation of ce l proliferation, cell migration, cell differentiation, angiogenesis, and

inflammation.

[0025] The tissue treatment products disclosed herein can be used, in

various embodiments, to repair, regenerate, heal, treat, and/or alter a tissue in

need thereof. For example, an implanted tissue treatment product can provide a

biological or synthetic scaffold in which native cells from tissue surrounding an



implanted tissue treatment product can migrate and proliferate. In addition, in

certain embodiments the tissue treatment product can further have antimicrobial

properties, thereby reducing or preventing an increase in the bioburden on a tissue

treatment product after implantation into a host tissue. Similarly, in some

embodiments the tissue treatment product can be used to deliver enzymes,

signaling molecules, or other factors to the tissue in need of repair, regeneration, or

treatment, thereby promoting or enhancing the repopulation and/or

revascularization of the tissue treatment product with native cells from surrounding

tissue.

[0026] The materials and methods provided herein can be used to make

a biocompatible composition. As used herein, a "biocompatible" composition is one

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

surrounding tissue into an implanted tissue treatment product. Biocompatible

compositions support the native cellular activity necessary for tissue regeneration,

repair, healing, or treatment and do 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.

[0027] 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 treatment product, or the cells or tissue produced by the host animal after

implantation.

[0028] The section headings used herein are for organizational purposes

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

documents, or portions of documents, cited in this application, including but not



limited to patents, patent applications, articles, books, and treatises, are hereby

expressly incorporated by reference in their entirety for any purpose. To the extent

publications and patents or patent applications incorporated by reference contradict

the invention contained in the specification, the specification will supersede any

contradictory material.

[0029] 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 here will be understood to include the endpoints and all values between

the endpoints.

Tissue Treatment Products

[0030] In various embodiments, a tissue treatment product comprises

human or animal tissue that has been at least partially decellularized. The tissue

can be acellular, partially decellularized, and/or decellularized tissue that has been

repopuiated with exogenous cells, so long as the tissue retains at least some of the

extracellular matrix found in the tissue prior to decellularizing.

[0031] In certain embodiments, the tissue treatment product can

comprise a synthetic material having an artificial scaffold approximating the

structure of the extracellular matrix from a human or animal tissue. For example,

the tissue treatment product can comprise a scaffold derived from a hyaluronic acid

derivative, chitosan, polycaprolactone, polyglycoiide, polylactide, polydioxane (or

other polyether esters), poly(iactide-co-glycolide), and/or poiyhydroxya!konate. In



some embodiments, a tissue treatment product comprises a combination of at least

one synthetic materia! and at least one animal or human tissue material, or it can

comprise one or more synthetic materials alone, or one or more animal or human

tissue materials alone. For example, the tissue treatment product can comprise a

scaffold derived from hyaluronic acid and the acellular matrix of a dece!lularized

tissue.

[0032] In some embodiments, a tissue treatment product can comprise

an artificial material for use in wound repair or treatment. The product can provide

a materia! to seal a wound while also serving as a platform for the delivery of

various chelating agents, metals and/or meta!-binding proteins, as described in

further detail below. For example, the tissue treatment product fo use in wound

repair or treatment can comprise a polyurethane foam, such as V.A.C.

GRANUFOAM (KCI, Inc., San Antonio, TX), alone or in combination with a partially

or completely decellularized tissue.

[0033] In certain embodiments, a tissue treatment product can be derived

from any human or animal tissue that is suitable for partial or complete

decellularization and subsequent implantation. Exemplary tissues include, but are

not limited to, bone, skin, 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 treatment product can

include a mammalian soft tissue. For example, in certain embodiments, the tissue

treatment product can include partially or completely decellularized mammalian

dermis in other embodiments, the tissue treatment product can comprise partially

or completely decellularized small intestine submucosa, or partially or completely

decellularized lung or liver tissue. In certain embodiments, the decellularized tissue



can come from human or non-human sources. Exemplary, suitable non-human

tissue sources include, but are not limited to, pigs, sheep, goats, rabbits, monkeys,

and/or other non-human mammals.

[0034] In some embodiments, tissue treatment products can be formed

from ALLODERM® or STRATTICE™ Lifece l Corp., Branchburg, NJ), which are

human and porcine aceliular dermal matrices respectively. Alternatively, any other

suitable aceliular tissue matrices can be used. For example, a number of biological

scaffold materials are described by Badyiak et aL and the methods of the present

disclosure can be used to produce a stable three-dimensional aceliular tissue

matrix using any of those materials, or any other similar materials. Badyiak et aL,

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

Biomaferia!ia (2008), doi:1 0.1016/j.actbio.2008.09.013, hereby incorporated by

reference in its entirety.

[0035] In various embodiments, the extracellular scaffold within an

aceliular or partially decellularized tissue matrix may consist of collagen, elastin, or

other fibers, as well as proteoglycans, polysaccharides and growth factors. The

tissue matrix may retain some or all the extracellular matrix components that are

found naturally in a tissue prior to decellularization, or various undesirable

components may be removed by chemical, enzymatic or genetic means. In

general, the aceliular matrix provides a structural network of fibers, proteoglycans,

polysaccharides, and growth factors on which native tissue and vasculature can

migrate, grow, and proliferate. The exact structural components of the extracellular

matrix will depend on the tissue selected and the processes used to prepare the

aceliular or partially decellularized tissue.



[0038] In certain embodiments, a tissue treatment product lacks certain

undesirable antigens For example, certain animal tissues contain alpha-galactose

(a-gai) epitopes that are known to elicit reactions n humans. Therefore, acellular

tissue treatment products derived from various animal tissues can be produced or

processed to lack certain antigens, such as a-gaL In some embodiments, tissue

treatment products lack substantially all a-ga! moieties. Elimination of the -ga

epitopes from a tissue treatment product may diminish the immune response

against the composition. U. Galili et a , J. Biol. Chem. 263: 17755 (1988). Since

non-primate mammals (e.g., pigs) produce a-gal epitopes, xenotransplantation of

acellular tissue matrix material from these mammals into primates may result in

rejection because of primate anti-Gal binding to the a~gal epitopes on the acellular

tissue matrix. The binding results in the destruction of the acellular tissue by

complement fixation and by antibody-dependent ce l cytotoxicity. U. Galili et a!.,

immunology Today 14: 480 (1993); M . Sandrin et aL, Proc. Natl. Acad. Sc USA

90: 1391 (1993); H. Good et aL, Transplant. Proc. 24: 559 (1992); B. H. Collins et

a , J. Immunol 54 : 5500 (1995).

[0037J As described in detail below, in various embodiments, tissue

treatment products can be processed to remove antigens such as a-gal, e.g., by

chemical or enzymatic treatment. Alternatively, tissue treatment products can be

produced from animals that have been genetically modified to lack these epitopes.

[0038] Tissue treatment products can be selected to provide a variety of

different biological and mechanical properties. For example, a tissue treatment

product can be selected in order to provide a scaffold in which native cells from

tissue surrounding an implanted tissue treatment product can migrate and

proliferate, thereby enhancing the speed or overall level of repair, regeneration,



healing, or treatment of native tissue. For example, an acellular tissue matrix, when

implanted on or into fascia, may be selected to a low for regeneration of the fascia

without excessive fibrosis or scar formation.

[0039] in certain embodiments, tissue treatment products comprising

human or animal tissue are completely or substantially free of all cells normally

present in the tissue from which the tissue treatment product is derived. As used

herein, "substantially free of all ceils" means that the tissue treatment product

contains less than 20%, 0%, 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.

[0040] in some embodiments, tissue treatment products can include

extracellular scaffolds that have been repopulated with viable cells. Various cell

types can be used for repopulation, including stem cells such as embryonic stem

cells, adult stem cells (e.g. mesenchymal stem cells), and/or neuronal cells. Any

other viable cells can also be used. In some embodiments, the cells are

mammalian cells. Such cells can promote native tissue migration, proliferation,

and/or vascularization. In various embodiments, the viable cells are applied to the

acellu!ar tissue matrix before or after implantation of a tissue treatment product.

[0041] In certain embodiments, tissue treatment products comprise one

or more additional agents. 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,

e.g., at least one added growth or signaling factor (e.g., a cell growth factor, an

angiogenic factor, a differentiation factor, a cytokine, a hormone, 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 a tissue treatment 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, initiation and termination codons, etc.) to ensure at least minima!

expression of the desired protein by the cell.

[0042] In various embodiments, a tissue treatment product bound to a

chelating agent is provided. In certain embodiments, the tissue treatment product

is coupled to at least one (e.g., 1, 2 , 3 , 4 , 5 , or more) chelating agents. The one or

more chelating agents can comprise, in some embodiments, any chelating agent

that can bind to a free amine, hydroxyl, or thiol group in the tissue treatment

product. In certain embodiments, the chelating agent can comprise iminodiacetic

acid (IDA), nitri!otriacetic acid (NTA), ethyienediaminetetraacetic acid (EDTA),

and/or diethylenetriaminepentaacetic acid (DTPA). In certain embodiments, IDA is

the chelating agent. In some embodiments, IDA is present on the tissue treatment

product at a concentration of between about 0 025 mM and about 10.0 mM.

[0043] In some embodiments, the chelating agent is covalentiy bound to

an activating agent that can covalentiy bind the tissue treatment product, e.g., by

binding to free amine, hydroxy!, or thiol groups in the tissue treatment product. As

used herein, an "activating agent" is any agent that can react with a chelating agent

and enables the chelating agent to covalentiy bind to a tissue treatment product.

For example, an activating agent can react with a carboxylic acid group in a



chelating agent to form an ester that will react with an amine group on a tissue

treatment product. In certain embodiments, the activating agent is N ~

hydroxysulfosuccinimide (NHS), suberic acid bis(N-hydroxysuccinirnide ester), 1,4-

butanediol diglycidyl ether, epibromohydrin, or 1,2,7,8-diepoxyoctane.

[0044] In various embodiments, the tissue treatment product bound to at

least one chelating agent can serve as a platform for the attachment of a number of

different metals, proteins, and/or other chemical additives. For example, any

desired metal, protein, and/or other chemical that is capable of binding a chelating

agent can be easily attached to the tissue treatment product by contacting the

tissue with the metal, protein, and/or other chemical agent. Similarly, any metal-

binding protein can be easily attached to the tissue treatment product by contacting

the tissue with the appropriate metal and the desired protein.

[0045] Accordingly, in certain embodiments, a tissue treatment product

bound to at least one chelating agent, as disclosed herein, provides a flexible

platform for the co-delivery of the tissue treatment product and a wide variety of

additional components or additives to a site of tissue treatment, repair, and/or

regeneration. The additional components can be interchanged by contacting the

tissue treatment product that is bound to at least one chelating agent with a

different additional component. Furthermore, because the additional components

are immobilized on the tissue treatment product via binding to the chelating agent,

they will not migrate; dissolve, or disperse from the site of implantation. Thus, a

higher local concentration of the additives can be maintained while using a lower

overall concentration of additives.

[0048] In addition to the flexible platform provided by tissue treatment

products bound to chelating agents, in certain embodiments the one or more



chelating agents on a tissue treatment product can directly provide certain

beneficial properties following implantation of the tissue treatment product into a

host site. For example, the chelating agent bound to the acellu!ar tissue or

synthetic material (e.g., polyurethane foam, hyaluronic acid derivative, chitosan,

poiycaprolactone, polygiyco!ide, polyiactide, polydioxane (or other polyether

esters), poly(lactide-co-glycolide), and/or polyhydroxyalkonates) can serve to

sequester or remove undesirable metals from a site of implantation.

[0047] In certain embodiments, a functionalized tissue treatment product

is provided, comprising a tissue treatment product bound to a chelating agent and

at least one metal (e.g., at least 1, 2 , 3 , 4 , 5 , or more metals). The chelating agent

on the tissue treatment product serves to bind and immobilize the metal on the

tissue treatment product. In some embodiments, IDA, NTA, EDTA, DTPA is the

chelating agent that immobilizes the metai. n certain embodiments, IDA is the

chelating agent that immobilizes the at least one metal on the tissue treatment

product n some embodiments, the metal is calcium, zinc, copper, magnesium,

manganese, cobalt, nickel and/or silver. In some embodiments, calcium, zinc,

copper, cobalt, nickel, magnesium, manganese, and/or silver is immobilized by IDA,

NTA, EDTA, and/or DTPA on the tissue treatment product. In some embodiments,

zinc is immobilized by IDA on the tissue treatment product.

[0048] In various embodiments, the metal that is immobilized on the

tissue treatment product is selected for its antimicrobial properties or its ability to

inhibit the growth of bacteria on a tissue treatment product. For example, the

metals such as silver, zinc, and copper are known to inhibit the growth of bacteria.

These metals can be used, e.g., to prevent bacteria at a site of implantation from

growing on an implanted tissue treatment product. Any other metal with similar



properties can also be used. In certain embodiments, a combination of at least two

different metals (e.g., 2 , 3 , 4 , 5 , or more) having antimicrobial or bacterial growth

inhibitory properties are used. The metal or metals are immobilized on the tissue

treatment product through interaction with the chelating agent, thereby preventing

the metal from diffusing into the aqueous environment of the implant site. In certain

embodiments, the concentration of metal on the tissue treatment product is

sufficient to reduce bioburden. In some embodiments, a sufficient concentration of

metal is achieved by contacting the tissue treatment product with a solution

containing the metal at a concentration of at least about 0.5, .0, .5, 2.0 fv (or

any concentration in between).

[0049] In various embodiments, the metal that is immobilized on the

tissue treatment product is selected for its ability to serve as a binding site for one

or more (e.g., 1, 2 , 3 , 4 , 5 , or more) desired metalloenzymes or metal-binding

proteins. For example, many metalloenzymes or metal-binding proteins will bind to

calcium, magnesium, manganese, zinc, cobalt, nickel, and/or copper. Accordingly,

in certain embodiments, the immobilized metal is calcium, magnesium, manganese,

zinc, cobalt, nickel, and/or copper, thereby providing one or more binding sites for

one or more metalloenzymes or metal-binding proteins.

[0050] In various embodiments, a functionalized tissue treatment product

is provided, comprising a tissue treatment product bound to a chelating agent and

at least one metal, and further comprising a metalloenzyme or metal-binding

protein. In various embodiments, the metalloenzyme or metal-binding protein is

any desired bioactive compound capable of binding to a metal that is immobilized

on a tissue treatment product. In some embodiments, one or more such bioactive

compounds (e.g., 1, 2 , 3 , 4 , 5 , or more bioactive compounds) are bound to the



tissue treatment product. In some embodiments, the meta!loenzymes or metal-

binding proteins are capable of binding to a metal (e.g., magnesium, manganese,

calcium, zinc, cobalt, nickel, and/or copper) that is immobilized on a tissue

treatment product.

[0051] In various embodiments, the one or more metai!oenzymes or

metal-binding proteins are selected from antimicrobial metallopeptidases or matrix

metalloproteinases n certain embodiments, the metallopeptidase or matrix

metal!oproteinase retains its antimicrobial properties (e.g., the ability to reduce or

inhibit bioburden on the tissue treatment product) after binding to metal on the

tissue treatment product. In one embodiment, the antimicrobial metallopeptidase

used is lysostaphin. Lysostaphin is a zinc binding peptidase that can cleave the

cell walls of certain species of staphylococci, such as S aureus, resulting in

bacterial ceil death. Thus, in certain embodiments, the functionalized tissue

treatment product comprises lysostaphin bound to zinc immobilized on a tissue

treatment product. In some embodiments, use of tissue treatment products

functionalized with lysostaphin can help reduce bioburden on an implanted tissue

treatment product, and thereby promote or enhance tissue treatment, repair, and/or

regeneration (e.g., by reducing the risk of infection at the site of implantation).

[0052] In some embodiments, the functionalized tissue treatment product

comprises at least one matrix metalloproteinase. Matrix metalloproteinases are a

family of proteolytic enzymes involved in the remodeling of extracellular matrices.

The enzymes act by cleaving specific regions having extracellular matrix proteins

and provide a means for promoting ce l migration info and regeneration of

implanted tissue treatment products. Matrix metalloproteinases are important for

regulation of eel! proliferation, migration, differentiation, angiogenesis, and



inf lammation Thus, in some embodiments, the use of tissue treatment products

functionalized with matrix meta!loproteinases can promote or enhance tissue

treatment, repair, and/or regeneration.

[0053] In various embodiments, tissue treatment products are

functionalized with metal and/or metaHoenzymes and/or metal-binding proteins that

are s lected for their ability to reduced or inhibit bioburden (i.e., their ability to

reduce the number of microorganisms growing on the compositions, or to prevent

an increase in the number of microorganisms that can grow on the compositions).

Thus, in some embodiments, the functionalized tissue treatment products have

reduced bioburden or do not exhibit an increase in bioburden following implantation

into a host tissue. In some embodiments, a functionalized tissue treatment product

lacks substantially ail bioburden (i.e., the tissue treatment products are aseptic or

sterile). As used herein, "lacking substantially all bioburden" means a tissue

treatment product in which the concentration of growing microorganisms is less

than 1%, 0.1%, 0.01 % , 0.001 % , or 0.0001 % (or any percentage in between) of that

growing on tissue treatment products that have not been functionalized.

[0054] Tissue treatment products, as described above, may be provided

packaged, frozen, freeze-dried, hydrated, and/or dehydrated. In certain

embodiments, the packaged tissue treatment products are sterile. In certain

embodiments, the tissue treatment products are provided in a kit, comprising a

packaged tissue treatment product and instructions for preparing and/or using the

tissue treatment products.

Methods of Making Tissue Treatment Products



[0055] Disclosed herein are methods of making tissue treatment

products. n some embodiments, the method comprises selecting a tissue

containing an extracellular collagen matrix; partially or completely decel!ularizing

the tissue; binding at least one chelating agent to the tissue; and functsonalizing the

tissue with at least one metal, metalloenzyme, and/or metal-binding protein. In

some embodiments, a synthetic material, such as a hyaluronic acid derivative,

chitosan, polycaprolactone, poiyg!ycolide, polylactide, polydioxane (or other

polyether esters), poly(lactide-co-g!ycolide), and/or polyhydroxyalkonates, is used

alone or in combination with a decellularized tissue to provide an artificial scaffold

for the migration and proliferation of native cells from tissue surrounding an implant

site in such embodiments, the method of making a tissue treatment product

comprises selecting synthetic material; optionally selecting a tissue containing an

extracellular collagen matrix and partially or completely deceiiularizing the tissue;

optionally combining the synthetic material with the partially or completely

decellularized tissue; binding at least one chelating agent to the synthetic material

and/or to the partially or completely decellularized tissue; and functsonalizing by

contacting the tissue treatment product with at least metal, metalloenzyme, and/or

metal-binding protein.

[0056] In other embodiments, a synthetic material, such as a

polyurethane foam (e.g., GRAN UFOAM®, Kinetics Concepts, Inc., San Antonio,

TX), can be used alone, or in combination with a decellularized tissue, as a wound

treatment or repair product. In these embodiments the tissue treatment product

serves to seal a wound while providing a platform for the delivery of a variety of

chelating agents, metals, and/or metal-binding proteins to a wound site. In some

embodiments, where synthetic materials are used, the method comprises selecting



a synthetic material, binding at least one chelating agent to the material; and

functiona!izing the material with at least one metal, metalloenzyme, and/or metal-

binding protein.

[0057] In some embodiments, a tissue treatment product can be prepared

from any tissue that is suitable for decellu!arization and subsequent implantation.

Exemplary tissues include, but are not !imited to, bone, skin, dermis, intestine,

urinary bladder, tendon, ligament, muscle, fascia, neurologic tissue, vascular tissue,

vessel, liver, heart, lung, kidney, cartilage, and/or any other suitable tissue. n

certain embodiments, the tissues can include a mammalian soft tissue. For

example, in certain embodiments, the tissue can comprise mammalian dermis. In

certain embodiments, the dermis can be separated from surrounding epidermis

and/or other tissues, such as subcutaneous fat. In certain embodiments, the tissue

can comprise small intestine submucosa. In certain embodiments, the tissue can

include human or non-human sources. Exemplary, suitable non-human tissue

sources include, but are not limited to, pigs, sheep, goats, cow, rabbits, monkeys,

and/or other non-human mammals.

[0058] In some embodiments, a tissue treatment product is prepared by

partially or completely decellularizing a donor tissue. Exemplary methods for

deceilularizing tissue are disclosed in U.S. Patent 8,933,326 and U.S. Patent

Application 2010/0272782, which are hereby incorporated by reference in their

entirety !n some embodiments, the decellularized tissue provides a porous

extracellular scaffold structure into which cells from surrounding native tissue can

migrate and proliferate after implantation into a host site. In certain exemplary

embodiments, the acellular tissue comprises ALLODERM© or STRATT!CE™,



which are aceilular human derma! products and porcine derma! products,

respectively, and are available from LifeCeli Corporation (Branchburg, NJ).

[0059] In various embodiments, the general steps invo!ved in the

production of an aceilular or partially decellulahzed tissue matrix include providing

tissue from a donor (e.g., a human cadaver or animal source) and removing cells

under conditions that preserve the biological and structural function of the

extracellular matrix. In certain embodiments, the 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.

[0060] In certain embodiments, the washed tissue can be chemically

treated to stabilize the tissue so as to avoid biochemical and/or structural

degradation before, during, or after cell removal n 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 deceliuiarization of tissues that contain,

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.

[0061] In various embodiments, the tissue is then placed in a

deceliuiarization solution to remove viable and non-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 deceSiuiarization solution may contain an appropriate buffer, salt, an

antibiotic, one or more detergents (e.g., TRITON X-100™, sodium dodecyl sulfate,

sodium deoxycholate, polyoxyethylene (20) sorbitan mono-oieate, etc.), one or

more agents to prevent cross-linking, one or more protease inhibitors, and/or one or

more enzymes. In some embodiments, the decellularization solution comprises

0.1 % , 0.2%, 0.3%, 0.4%, 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%,

or 5.0% (or any percentage in between) of TRITON X-100™ and, optionally, 10

mM, 15 mM, 20 mM, 25 m , 30 mM, 35 mM, 40 mM, 45 m , or 50 mM EOTA

(ethyienediaminetetraacetic acid) (or any concentration in between). In some

embodiments, the tissue is incubated in the decellularization solution at 25, 30, 3 1 ,

32, 33, 34, 35, 36, 37, 38, 39, 40, 4 1, or 42 degrees Celsius (or any temperature in

between), and optionally, gentle shaking is applied at 1 , 20, 30, 40, 50, 80, 70, 80,

90, 100, 110, 120, 130, 140, or 150 rpm (or any rpm in between). The incubation

can be for 1, 2 , 3 , 4 , 5 , 8 , 7 , 8 , 9 , 10, 11, 12, 15 , 20, 24, 36, or 48 hours (or any

time in between). The length of time of exposure to the decellularization solution,

or the concentration of detergent and/or other decelluSarizing agents can be

adjusted in order to partially or more fully decellularize the tissue. n certain

embodiments, additional detergents may be used to remove cells from the tissue

sample. For example, in some embodiments, 1, 2 , 3 , 4 , or 5% (or any percentage

in between) sodium deoxycholate (or any percentage in between) is added to the

decellularization solution in order to remove fat cells from the tissue.

[0082] In some embodiments, after decellularization, the tissue sample is

washed thoroughly. Any physiologically-compatible solutions can be used for

washing. Examples of suitable wash solutions include distilled wafer, phosphate

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



embodiments, e.g., when xenogenic materia! is used, the dece!lu!arized tissue is

then treated overnight at room temperature with a deoxyribonuc!ease (DNase)

solution. In some embodiments, the tissue sample is treated with a DNase solution

prepared in DNase buffer (20 rn HEPES (4-(2-hydroxyethyi)-1-

piperazineethanesulfonic acid), 20 m v CaCI 2 and 20 m M lv1gCI2) . Optionally, an

antibiotic solution (e.g., Gentamicin) may be added to the DNase solution. Any

suitable DNase buffer can be used, as long as the buffer provides for suitable

DNase activity.

[0063] While an ace!lular o r partially decelSularized tissue matrix may be

derived from tissue from one or more donor animals of the same species as the

intended recipient animal, this is not necessarily the case. Thus, for example, an

acellular tissue matrix may be derived from porcine tissue and implanted in a

human patient Species that can serve as donors and/or recipients of acellular

tissue matrices include, without limitation, mammals, such as humans, nonhuman

primates (e.g., monkeys, baboons, o r chimpanzees), pigs, cows, horses, goats,

sheep, dogs, cats, rabbits, guinea pigs, gerbils, hamsters, rats, o r mice.

[0084] In certain embodiments, deceilularized tissue can be treated with

one or more enzymes to remove undesirable antigens, e.g., an antigen not

normally expressed by the recipient animal and thus likely to lead to an immune

response and/or rejection of the implanted tissue treatment product. For example,

in certain embodiments, deceilularized tissue can be treated with alpha-

galactosidase to remove alpha-galactose (a-gai) moieties. In some embodiments,

to enzymaticaliy remove -ga ! epitopes, after washing tissue thoroughly with saline,

the tissue may be subjected to one or more enzymatic treatments to remove a-ga!

antigens, if present in the sample. In certain embodiments, the tissue may be
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treated with an a-galactosidase enzyme to eliminate a ga epitopes in one

embodiment, the tissue is treated with a-galactosidase at a concentration of 0.2

U/m prepared in 100 M phosphate buffered saline at pH 8 0. In other

embodiments, the concentration of α-galactosidase is reduced to 0.1 U/m or

increased to 0.3, 0.4, or 0.5 U/mi or any vaiue in between) n other embodiments,

any suitable enzyme concentration and buffer can be used, as long as sufficient

antigen removal is achieved. n addition, certain exemplary methods of processing

tissues to reduce or remove a!pha-1 ,3-gaiactose moieties are described in Xu et a ,

Tissue Engineering, Vol. 5 , 1-13 (2009), which is hereby incorporated by

reference in its entirety.

[0085] In certain embodiments, animals that have been genetically

modified to lack one or more antigenic epitopes may be selected as the tissue

source for a tissue treatment product. For example, animals (e.g., pigs) that have

been genetically engineered to lack the terminal -ga!actose moiety can be

selected as the tissue source. For descriptions of appropriate animals and

methods of producing transgenic animals for xenotransplantation, see U.S. Patent

Application Serial Number 10/896,594 and U.S. Patent No. 6,168,288, which are

hereby incorporated by reference in their entirety.

[0068] In some embodiments, the decellularized tissue can be treated to

reduce bioburden (i.e., to reduce the number of microorganisms growing on the

tissue). n some embodiments, the tissue is treated such that it lacks substantially

all bioburden (i.e., the tissue is aseptic or sterile). Suitable bioburden reduction

methods are known to one of skill in the art, and may include exposing the tissue

treatment product to radiation. Irradiation may reduce or substantially eliminate

bioburden. In some embodiments, an absorbed dose of 1S~17kGy of e-beam



radiation is delivered in order to reduce or substantially eliminate bioburden. In

various embodiments, the amount of radiation to which the tissue treatment product

is exposed can be between 5 Gy and 50 kGy. Suitable forms of radiation can

include gamma radiation, e-beam radiation, and X-ray radiation. Other irradiation

methods are described in U.S. Application 20 0/0272782, the disclosure of which is

hereby incorporated by reference in its entirety.

[0087] In various embodiments, a synthetic material can be used in place

of or n combination with an aceilular tissue to provide an extracellular scaffold in a

tissue treatment product. For example, a tissue treatment product can comprise a

synthetic material such as a hyaluronic acid derivative, chitosan, polycaprolactone,

polyglycolide, polylactide, polydioxane or other polyether esters), poly(lactide-co-

glycolide), and/or pGlyhydroxyaikonat.es in place of aceilular tissue in some

embodiments, a tissue treatment product comprises a combination of natural and

synthetic matrix scaffold components (e.g., a combination of hyaluronic acid

derivatives and aceilular or partially decei!u!arized tissue).

[0068] n certain embodiments, after the natural or artificial scaffold of a

tissue treatment product is formed, viable cells may optionally be seeded in the

matrix. In some embodiments, viable cells may be added to the matrices by

standard in vitro cell co-cuituring 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 matrix or by infusing or injecting

viable ceils obtained from the recipient or from another donor into the matrix in situ.

Various cell types can be used, including stem cells such as embryonic stem cells

and/or adult stem cells (e.g. mesenchymal stem cells). Any other viable cells can

also be used. In some embodiments, the ce ls are mammalian ceils. In certain



embodiments, the cells are histocompatible with the subject in which they are

implanted. Such cells can promote native tissue migration, proliferation, and/or

vascularization. In various embodiments, the cells can be directly applied to the

matrix of a tissue treatment product just before or after implantation.

[0069] In certain embodiments, one or more additional agents can be

added to the extracellular matrix of a tissue treatment 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 ce l growth factor, an angiogenic factor, a differentiation

factor, a cytokine, a hormone, and/or a chemokine). In some embodiments, these

additional agents can promote native tissue migration, proliferation, and/or

vascularization within the implanted tissue product. 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 included, optionally, in a tissue treatment 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.

[0070] in various embodiments, a tissue treatment product (comprising a

partially or fully deceilularized tissue or a synthetic material that provides an

extracellular scaffold) is bound to at least one (e.g., 1, 2 , 3 , 4 , 5 , or more) chelating

agents. The one or more chelating agents can comprise, in some embodiments,



any chelating agent that can bind to a free amine, hydroxy!, and/or thiol group in the

tissue treatment product. In certain embodiments, the chelating agent can

comprise IDA, NTA, EDTA, and/or DTPA. n certain embodiments, IDA is the

chelating agent. In some embodiments, IDA is used at a concentration of between

about 0.025mM and about 10.0 .

[0071] in certain embodiments, a chelating agent, such as IDA, NTA,

EDTA, and/or DTPA, is first reacted with an activating agent. The activated

chelating agent is then covalenf!y bound to the tissue treatment product, e.g., by

binding to free amine, hydroxy!, or thiol groups in the tissue treatment product. In

some embodiments, the activating agent is N-hydroxysulfosuccinimide (NHS).

NHS can serve to covalent!y bind the chelating agent to free amines present in the

tissue treatment product, thereby immobilizing the chelating agent on the product.

In alternative embodiments, the activating agent is epibromohydrin or 1,2,7,8-

diepoxyoctane. The epoxide-derivatives of chelating agents produced by these

activating agents can then cova!ently bind to free amine, thiol, or hydroxy! groups

on the tissue treatment product, thereby immobilizing the chelating agent on the

product. Figure 1A illustrates exemplary methods of activating !DA using NHS,

epibromohydrin, and 1,2,7,8-diepoxyoctane.

[0072] In certain embodiments where the tissue treatment product

comprises an extracellular scaffold provided by a synthetic material, the tissue

treatment product can be bound to one or more chelating agents during the

manufacture of the synthetic material. In other embodiments, the tissue treatment

product can be bound to one or more chelating agents subsequent to the

manufacture of the synthetic material. For example, binding can be done

immediately prior to implantation of the tissue treatment product.



[0073] In various embodiments, a tissue treatment product bound to one

or more chelating agents can serve as a platform for the attachment of a number of

different metals, proteins, and/or other chemical additives. For example, any

desired metal, protein, and/or other chemical that is capable of being immobilized

by a chelating agent can be easily attached to the tissue treatment product by

contacting the product with the metal, protein, and/or other chemical agent.

Similarly, any metal-binding protein can be easily attached to the tissue treatment

product by contacting the product with the appropriate metal and the desired

protein

[0074] in certain embodiments, a tissue treatment product that is bound

to one or more chelating agents is functionalized by contacting the product with a

solution containing at least one (e.g., 1, 2 , 3 , 4 , 5 , or more) metal. The metal will

interact with the chelating agent on the tissue treatment product, thereby

immobilizing the metal on the product. Suitable metals for use in functionalized

tissue treatment products include any metal capable of interacting with a chelating

agent on a tissue treatment product and having desirable properties.

[0075] In some embodiments, metals that provide antimicrobial properties

(e.g., silver, zinc, and/or copper) can be used. As used herein, a metal having

antimicrobial properties is one that reduces or inhibits bioburden (i.e., results in a

reduced number of microorganisms growing on the tissue treatment product or

prevents an increase in the number of microorganisms growing on the tissue

treatment product after implantation into a host tissue), as compared to the tissue

treatment product in the absence of metal functionalization. n some embodiments,

a tissue treatment product is functionalized with at least one metal such that the

resulting tissue product lacks substantially all bioburden (i.e., the tissue treatment



product is aseptic or sterile). As used herein, lacking substantially all bioburden"

means a tissue treatment product in which the concentration o growing

microorganisms is less than 1% , 0 1% , 0.01%, 0.001 % , or 0.0001 % (or any

percentage in between) of tha growing on untreated tissue treatment products.

[0076] In some embodiments, a tissue treatment product having

antimicrobial properties is prepared by contacting the tissue treatment product with

a solution containing a high enough concentration of metal such that the metal that

binds to the functionalized tissue treatment product will be sufficient to produce a

reduced bioburden. In certain embodiments, a sufficient concentration of metal is

achieved by contacting the tissue treatment product with a solution containing the

metal at a concentration of at least about 0.5, .0, 1.5, 2.0 m fv (or any

concentration in between). In some embodiments, the metal is zinc and is present

in solution at a concentration of at least about 0.5, 1.0, 1.5, 2.0 m fv (or any

concentration in between).

[0077] In some embodiments, a tissue treatment product bound to one or

more chelating agents is functionalized by contacting it with a solution containing

calcium, zinc, magnesium, manganese, cobalt, nickel, silver, and/or copper. In

some embodiments, calcium, zinc, magnesium, manganese, cobalt, nickel, silver,

and/or copper in the solution is at a concentration of about 1.0 to about 1 m fv

(e.g., about 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5,

9.0, 9.5, or 10.0 mM, or any concentration in between).

[0078] In some embodiments, the chelating agent IDA is bound to a

tissue treatment product, which is then functionalized with silver, zinc, and/or

copper in certain embodiments, tissue treatment products functionalized with

silver, zinc, and/or copper have reduced bioburden or do not exhibit an increase in



bioburden after implantation into a host tissue, as compared to implanted tissue

treatment products that were not functionalized with metal n some embodiments,

tissue treatment products functionalized with silver, zinc, and/or copper lack

substantially a!l bioburden.

[0079] In various embodiments, a tissue treatment product that has been

functionalized with at least one metal is further functionalized by contacting the

tissue treatment product with a solution containing at least one (e.g., , 2 , 3 , 4 , 5 , o

more) metalioenzymes or other metal-binding proteins that have desired properties.

The one or more metalioenzymes or other metal-binding proteins are chosen for

their ability to bind metal ions (e.g., calcium, zinc, magnesium, manganese, cobalt,

nickel, and/or copper) that are immobilized on a tissue treatment product. In certain

embodiments, the metal (which is bound to the tissue treatment product via the

chelating agent) serves to immobilize the metalloenzyme or other metal-binding

protein on the tissue treatment product

[0080] In various embodiments, the one or more metalioenzymes or

metal-binding proteins are selected from antimicrobial metal!opeptidases or matrix

metalloproteinases. In certain embodiments, after binding to the metal on the

tissue treatment product, the metallopeptidase or matrix metal!oproteinase retains

its antimicrobial properties (e.g., the ability to reduce bioburden on the tissue

product or to prevent an increase in bioburden after implantation into a host tissue).

In one embodiment, the antimicrobial metallopeptidase used is lysostaphin. In

certain embodiments, a zinc-functionalized tissue treatment product is further

functionalized by contacting it with a solution containing lysostaphin, which binds to

zinc on the tissue treatment product. In some embodiments, functionalizing with

lysostaphin comprises contacting the tissue treatment product w th a lysostaphin



solution at a concentration of about 1.0 to about 1000 g/m (e.g., about 1.0, 1.5,

2.0, 2.5, 3.0, 4.0, 5.0, 10.0, 20.0, 50.0, 100, 200, 50 , or 1000 g/m , or any

concentration in between). Figure 1B illustrates one exemplary method for

functionalizing a tissue treatment product with lysostaphin.

[0081] In certain embodiments, a tissue treatment product is bound to

IDA, functionalized with zinc, and further functionalized with lysostaphin. In some

embodiments, functionalizing with lysostaphin comprises contacting the tissue

treatment product with a lysostaphin solution at a concentration of about 1.0 to

about 1000 pg/ (e.g., about 1.0, 1.5, 2.0, 2.5, 3.0, 4 0, 5.0, 10.0, 20.0, 50 0, 100,

200, 500, or 1000 g/m , or any concentration in between). In some embodiments,

the use of tissue treatment products functionalized with lysostaphin can help

reduce bioburden on an implanted tissue treatment product, and thereby promote

or enhance tissue treatment, repair, and/or regeneration (e.g., by reducing the risk

of infection at the site of implantation or by leading to the early failure or

disintegration of the implant).

[0082] n some embodiments, a tissue treatment product functionalized

with metal is further functionalized by contacting it with a solution containing at least

one (e.g., 1, 2 , 3 , 4 , 5 , or more) matrix metalioproteinase. Matrix

meta!loproteinases are important for regulation of cell proliferation, migration,

differentiation, angiogenesis, and inflammation. In some embodiments, the one or

more matrix metalioproteinase comprises coilagenase, geiatinase, stromolysin,

matriiysin, and/or elastase. Thus, in some embodiments, functiona!ization with

matrix metalloproteinases can promote or enhance tissue treatment, repair, and/or

regeneration.



[0083] In various embodiments, the metal, metailoenzymes and/or metal-

binding proteins that are used to functionalize tissue treatment products are

selected for their ability to reduced or inhibit bioburden (i.e., to reduce the number

of microorganisms or to prevent an increase in the number of microorganisms

growing on an implanted tissue treatment product). In some embodiments, a

functionalized tissue treatment product lacks substantially all bioburden.

Methods of Use

[0084] Disclosed herein are methods of using the tissue treatment

products described above. In various embodiments, the tissue treatment products

are implanted into a host tissue in need of repair, regeneration, or treatment. The

extracellular matrix provided by the decellularized tissue or by the synthetic material

(e.g., chitosan, polycaprolactone, polyglyco!ide, polylactide, polydioxane (or other

poiyether esters), poly(lactide-co-giycolide), and/or polyhydroxyaikonates) in the

tissue treatment product can provide a scaffold into which native ceils from

surrounding tissue can migrate and proliferate. Accordingly, in certain

embodiments, the scaffolds provided by tissue treatment products can enhance

and/or promote tissue treatment, repair, and/or regeneration. Furthermore, as

discussed in more detail below, the tissue treatment products can be used, in

certain embodiments, to deliver additional compounds having various desirable

properties, such as antimicrobial agents and/or compounds that enhance native eel!

migration, proliferation, and revascularization within the implanted tissue treatment

product.



[0085] In some embodiments, a tissue treatment product can be used in

wound repair or treatment. The product can provide a material to sea! a wound

while also serving as a platform for the delivery of various chelating agents, metals

and/or metal-binding proteins, as described in further detail below. For example,

the tissue treatment product for use in wound repair or treatment can comprise a

polyurethane foam, such as V.A.C. RA FOAM® (Kinetics Concepts, Inc., San

Antonio, TX), alone or in combination with a partially or completely decellularized

tissue.

[0086] In certain embodiments, tissue treatment products that have been

bound to at least one chelating agent can be implanted into a host tissue and used

to sequester undesirable metals while also providing an extracellular scaffold that

promotes native cell migration and proliferation. For example, tissue treatment

products that have been bound to DA can be used to sequester or remove zinc

from an implant site, such as a wound site containing with zinc. In certain

circumstances, it may be desirable to reduce zinc levels at an implant site, for

example in order to increase hemoglobin levels, e.g., following surgery. See

Q'Neil-Cutting et a!., J. Nutr. 111: 1969-79 {1981} (showing that elevated levels of

zinc can lower hemoglobin levels). In other examples, any harmful or undesirable

metal can be sequestered by binding to one or more chelating agents bound to a

tissue treatment product.

[0087] In certain embodiments, a tissue treatment product bound to one

or more chelating agents can serve as a flexible platform for the quick and easy

delivery of a wide variety of metals and/or metal-binding proteins. For example, a

tissue treatment product bound to one or more chelating agents can be provided,

e.g., to a surgical facility, and quickly coupled at the facility to a wide variety of
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metals or metal-binding proteins by contacting the tissue treatment product with

one or more metals and, optionally, one or more metal-binding proteins prior to

implantation. In some embodiments, a kit is provided, comprising a sterile tissue

treatment product bound to one or more chelating agents, a selection of sterile

solutions comprising one or more metals, and/or a selection of sterile solutions

comprising one or more metal-binding proteins. The surgical facility can then, in

certain embodiments, prepare the desired functionalized tissue treatment product

by contacting the tissue treatment product bound to one or more chelating agents

with the desired metals and/or metal-binding proteins prior to surgical use. In this

way, a surgical facility can quickly prepare a wide variety of different functionalized

products without needing to order each functionalized product individually from a

tissue supplier.

[0088] In certain embodiments, a tissue treatment product that has been

functionalized with one or more metals is implanted in a patient. In some

embodiments, the tissue treatment product that is implanted in a patient is

functionalized with one or more metals that are selected for their antimicrobial

properties (i.e., their ability to reduce or prevent an increase in the bioburden on the

tissue treatment product after implantation). Effective concentrations of the

antimicrobial metal will vary depending on the type of metal used and the desired

reduction in bioburden. Methods of determining effective concentration are known

to one of skill in the art and include, e.g., measuring differences in bioburden

following implantation of tissue treatment products containing different

concentrations of metal, or deliberate bacterial infection at the site of implantation

and subsequent measurement of bioburden on implanted tissue treatment products

containing different concentrations of metal. For example, the antimicrobial metal



bound to the tissue treatment product can be silver. In some embodiments, the

silver

[0089] In certain embodiments, the implanted tissue treatment product

that is functionaiized with an antimicrobial metal has, at any point in time following

implantation into a host tissue, at least a 5 , 0 , 5 , 20, 25, 30. 35, 40, 45, 50, 55,

60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99% (or any percentage in between)

lower concentration of microorganisms growing on the product, as compared to

implanted tissue treatment product that is not functionaiized with an antimicrobial

metal. Furthermore, by immobilizing the antimicrobial metal to the tissue treatment

product via a chelating agent, the functionaiized tissue treatment product reduces

in some embodiments, the amount of metal that will leach out of the product. Thus,

in certain embodiments, a higher local concentration of antimicrobial metal can be

achieved at the site of implantation while using a lower overall concentration. In

other embodiments, the harmful effects associated with certain antimicrobial metais

can be reduced or prevented by immobilizing the metal on a tissue treatment

product while retaining the beneficial reduction or inhibition of bioburden.

[0 9 J i n certain embodiments, a tissue treatment product that has been

functionaiized with one or more desired metal-binding protein is implanted in a

patient and provides for the targeted delivery of that protein to the site of

implantation. The implanted tissue treatment product can be functionaiized with

any desired metal-binding protein that will provide beneficial effects following

implantation of the tissue treatment product

[0091] For example, the metal-binding protein can provide antimicrobial

properties, thereby reducing or inhibiting the bioburden on the implanted tissue

treatment product. In certain embodiments, the implanted tissue treatment product



that is functionalized with an antimicrobial protein has, at any point in time following

implantation into a host tissue, at least a 5 , 0 , 5, 20, 25, 30, 35, 40, 45, 50, 55,

60, 85, 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99% (or any percentage in between)

lower concentration of microorganisms growing on the product, as compared to

implanted tissue treatment product that is not functionalized with an antimicrobial

protein. For example, the tissue treatment product can be functionalized with

lysostaphin, a zinc-binding peptidase that can cieave the cell wa ls of certain strains

of staphylococci, such as S. aureus. Effective concentrations of the antimicrobial

agent, such as lysostaphin, will vary depending on the type of agent used and the

desired reduction in bioburden. Methods of determining effective concentration are

known to one of skill in the art and include, e.g., measuring differences in bioburden

following implantation of tissue treatment products containing different

concentrations of antimicrobiai proteins, or deliberate bacterial infection at the site

of implantation and subsequent measurement of bioburden on implanted tissue

treatment products containing different concentrations of antimicrobiai proteins.

[0092] In some embodiments, a tissue treatment product having

antimicrobial properties is prepared by contacting the tissue treatment product with

a solution containing a high enough concentration of metal such that the metal that

binds to the functionalized tissue treatment product will be sufficient to produce a

reduced bioburden. In certain embodiments, a sufficient concentration of metal is

achieved by contacting the tissue treatment product with a solution containing the

metal at a concentration of at least about 0.5, 1 0, 1.5, 2.0 m (or any

concentration in between). In some embodiments, the metal is zinc and is present

in solution at a concentration of at least about 0.5, .0, 1.5, 2.0 mM (or any

concentration in between).



[0093] in another example, a tissue treatment product can be

functionalized with one or more matrix metalloproteinases, which are important for

regulation of celi proliferation, migration, differentiation, angiogenesis, and

inflammation. In certain embodiments, the one or more matrix metalloproteinases

promote or enhance tissue treatment, repair, and/or regeneration.

[0094] In certain embodiments, implanting a tissue treatment product

provides a biocompatible scaffold that supports the native tissue migration

proliferation, and/or vascularization necessary for tissue regeneration, repair,

healing, and/or treatment and does not elicit a substantial immune response that

prevents such activity. As used herein, a "substantial immune response" is one that

prevents partial or complete tissue regeneration, repair, healing, or treatment. In

certain embodiments, the implanted tissue treatment product lacks certain

undesirable antigens in order to avoid inducing an immune response. For example,

in some embodiments, the implanted tissue treatment products lack substantially all

a-gal moieties that are known to elicit reactions in humans.

[0095] In certain embodiments, the tissue treatment products that are

implanted in a patient comprise human or animal tissue that is completely or

substantially free of a l ceils normally present in the tissue from which the tissue

treatment product is derived. As used herein, "substantially free of all cells" means

that the tissue treatment 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 deceiiularization.

[0098] n some embodiments, the implanted tissue treatment products

can include extracellular scaffolds that have been repopu!ated with viable cells.

Various cell types can be used for repopulation, including stem cells such as



embryonic stem cells, adult stem cells (e.g. mesenchymal stem cells), and/or

neuronal cells. Any other viable cells can also be used. In some embodiments, the

cells are mammalian cells. Such cells can promote native tissue migration,

proliferation, and/or vascularization. In various embodiments, the viable cells are

applied to the acellular tissue matrix before or after implantation of a tissue

treatment product.

[0097] In certain embodiments, implanted tissue treatment products

further comprise one or more additional agents. In some embodiments, the

additional agent can comprise an anti-inflammatory agent, an analgesic, or any

other desired therapeutic or beneficial agent that promotes tissue repair,

regeneration, or treatment following implantation. In certain embodiments, the

additional agent can comprise, e.g., at least one added growth or signaling factor

(e.g., a ceil growth factor, an angiogenic factor, a differentiation factor, a cytokine, a

hormone, and/or a chemokine). These additional agents can promote native tissue

migration, proliferation, and/or vascularization.

[0098] Tissue treatment products can be implanted in a patient as part of

any medical procedure in which tissue repair, regeneration, or treatment is desired.

For example, tissue treatment products can be implanted following the creation of

space between tissue planes as a result of disease, trauma, or surgical

intervention. In some embodiments, the product can be implanted into a space

between separated tissue planes and folded, compressed, or otherwise molded to

fill the anatomical shape of the implant site. In various embodiments, the implanted

product can provide a scaffold for native tissue migration, proliferation, and/or

revascularization. n addition, in certain embodiments, chelating agents, metals



and/or metal-binding proteins on tissue treatment products can be delivered directly

to the surrounding native tissue following implantation via direct physical contact

[0099] In another example, tissue treatment products can be used as

tissue fillers by implanting them following the removal of bulk soft tissue from a

patient, e.g., tumor removal. It has been shown that after tumor removal, tissue re-

growth is generally poor, especially as to the subcutaneous tissue layers.

Generally, a layer of skin will regrow after tumor removal, but the underlying tissue

remains unregenerated. Thus, in various embodiments, tissue treatment products

can be used as implants to replace bulk soft tissue after tumor removal. In certain

embodiments, such implants serve as tissue fillers that can provide structural

integrity to the remaining tissue at the implant site. In certain embodiments, where

the bulk tissue that is removed is near or includes the skin, implantation of a tissue

treatment product can provide the implant site with a more natural look and/or feel

after tumor removal. In various embodiments, the implanted product can also

provide a scaffold for native tissue migration, proliferation, and revascularization. In

addition, in certain embodiments, chelating agents, metals and/or metal-binding

proteins on tissue treatment products can be delivered directly to the surrounding

native tissue following implantation via direct physical contact.

[00 0] In yet another example, tissue treatment products can be used for

aesthetic purposes, e.g., as implants or in conjunction with traditional implants. For

example, tissue treatment products can be used to support traditional breast

implants, e.g., for use in breast augmentation and/or reconstruction. For example,

a tissue treatment product can be placed around a breast implant and used to fill

the space between the implant and surrounding native tissue, thereby providing a

smoother contour and/or more natural look and feel for the implant. At the same



iime, in certain embodiments, the implanted tissue treatment product can provide a

scaffold into which cells from native tissue surrounding the breast implant can grow

and proliferate, thereby more firmly securing the breast implant in place and/or

reducing the amount of undesirable fibrosis that develops around the implant. In

addition, in certain embodiments, chelating agents, metals and/or metal-binding

proteins on tissue treatment products can be delivered directly to the surrounding

native tissue following implantation via direct physical contact.

Examples

[00 1] The following examples serve to illustrate, and in no way limit, the

present disclosure.

Example 1: Antimicrobial activity of S sostap -t rea e aceliuHar dermis

[00102] Samples of acel!ular porcine dermal tissue 1 .5 cm x 1.5 cm) were

incubated with lysostaphin in a saline solution at the concentrations (ug/mi)

indicated in Fig. 2 for 3 hours at room temperature. Tissue samples were then

rinsed with saline and placed on a tryptsc soy agar plate. A solution containing

approximately 1e 6 cei s of S aureus were inoculated onto the tissue, which were

incubated overnight at 37°C. The following morning, the bacterial concentration

(CFU) on each tissue sample was determined following extraction and serial

dilution of the bacteria growing on the tissue samples. Fig, 2 shows that

antimicrobial activity, as indicated by a reduction in bacterial CFU, was achieved

using lysostaphin concentrations of 10 g/mi or higher.

Example 2: Antimicrobial activity of zinc-immobilized Sysostaphin



[00103] 50 µ! samples of iminodiacetic acid-agarose were incubated in a

saline solution either containing zinc or lacking zinc (control). The samples were

then washed three times with saline to remove unbound zinc prior to incubating the

samples with solutions containing the concentrations of lysostaphin indicated in

Table 1. After incubation, samples were washed three times with saline and 0 Ι

of a saturated culture of S. aureus was added to each sample. Following a 1 hour

incubation at room temperature, Alamar blue was added to screen for viable

bacteria. A pink color indicated viable bacteria, while blue indicated that the

majority of the bacteria were no longer viable. Table .

Table 1: Antimicrobial Activity of Lysostaphin Captured on iDA-Agarose

ys st ap No Zinc Zinc

1 ug/ml Viable Non-viable

5 ug/ml Viable Non-viable

10 ug/ml Viable Non-viable

20 ug/ml Viable Non-viable

[00104] Table 1 shows that antimicrobial activity, as indicated by a majority

of non-viable bacteria on an agarose sample, was achieved in samples treated with

at least g/ml lysostaphin.

Example 3: Antimicrobial activity of D z f ct io als aceliular dermis

[00105] Aceliular porcine dermal tissue samples ( 1 cm x 1 cm) were

incubated in the presence of 1 m NHS-!DA for 4 hrs. Samples were then washed

with saline and incubated in a 1 zinc sulfate solution. Some samples were then

rinsed in saline overnight to remove excess/unbound zinc. Tissue samples were



placed on a tryptic soy agar plate and inoculated with a solution containing

approximately 1 6 cells of S. aureus. After an overnight incubation at 37°C, the

bacterial concentration (CFU) on each tissue sample was determined following

extraction and serial dilution of the bacteria growing on the tissue samples. Fig. 3

shows that zinc functionalized and IDA-zinc functionalized acellular dermal tissue

matrices had reduced bacterial concentrations, as compared to control samples

and DA on y samples.

[00108] 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.



WHAT S CLAIMED IS:

. A tissue treatment pro ct comprising:

a porous material comprising a natural or artificial scaffold, wherein the

porous material comprises at least one of an extracellular matrix of a partially

deceliuiarized tissue, an extracellular matrix of a completely decellularized

tissue, and a porous synthetic scaffold material; and

at least one chelating agent that is covalently bound to the porous material.

2 The tissue treatment product of claim , wherein the tissue treatment product

comprises a porous synthetic scaffold materia!.

3 . The tissue treatment product of claim 1 or 2 wherein the tissue treatment

product comprises at least one of a hyaluronic acid derivative, chitosan,

polycaprolactone, polyglycolide, polylactide, poiydioxane, a polyether ester,

poly(Sactide-co-glycolide), or polyhydroxyaikonate.

4 . The tissue treatment product of claim 1 or 2 , wherein the tissue treatment

product comprises a po!yurethane material.

5 . The tissue treatment product of any one of claims 1-4, wherein the tissue

treatment product comprises the extracellular matrix of a partially or

completely decellularized tissue selected from at least one of human,

nonhuman primate, pig, cow, horse, goat, sheep, dog, cat, rabbit, guinea

pig, gerbil, hamster, rat, and mouse tissue.

6 . The tissue treatment product of any one of claims 1-5, wherein the tissue

treatment product comprises the extracellular matrix of partially or



completely decellularized tissue selected from at least one of bone, skin,

dermis, intestine, vascular, urinary bladder, tendon, ligament, muscle, fascia,

neurologic tissue, vessel, liver, heart, lung, kidney, and cartilage tissue.

7 The tissue treatment product of any one of claims 1-8, wherein the tissue

treatment product comprises an extracellular matrix from one or more animal

or tissue sources

8 The tissue treatment product of any one of claims 1-7, wherein the tissue

treatment product lacks substantially all alpha-galactose moieties.

9 . The tissue treatment product of any one of claims 1-8, further comprising

one or more viable cells.

10. The tissue treatment product of claim 9 , wherein the one or more cells are

mammalian cells.

1 . The tissue treatment product of claim 9 or 10, wherein the one or more cells

are stem cells.

12. The tissue treatment product of any one of claims 1 1, further comprising at

least one 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.

13 . The tissue treatment product of claim 12, wherein the at least one factor is

encoded by a nucleic acid sequence contained within an expression vector.

14. The tissue treatment product of claim 13, wherein the expression vector is

contained within one or more viable ceils.



5 . The tissue treatment product of any one of claims 1-14, wherein the tissue

treatment product has a reduced bioburden or substantially lacks all

bioburden.

1 . The tissue treatment product of any one of claims 1-1 5 , wherein the at least

one chelating agent is covaiently bound to free amine, thiol, or hydroxyl

groups on the porous material in the tissue treatment product.

. The tissue treatment product of any one of claim 1-18, wherein the at least

one chelating agent is covaiently bound to the porous material in the tissue

treatment product via an activating agent.

8. The method of claim 17, wherein the activating agent is N-

hydroxysulfosuccinimide (NHS), suberic acid bis(N-hydroxysuccinimide

ester), 1,4-butanediol diglycidyl ether, epibromohydrin, or 1,2,7,8-

diepoxyoctane.

19. The tissue treatment product of any one of claims 1-18, wherein the at least

one chelating agent comprises at least one of iminodiacetic acid (IDA),

nitrilotriacetic acid (NTA), ethylenediaminetetraacetic acid (EDTA), and

diethylenetriaminepentaacetic acid (DTPA).

20. The tissue treatment product of any one of claims 19, wherein the chelating

agent comprises IDA.

2 1. The tissue treatment product of any one of claims 1-20, wherein the tissue

treatment product is functiona!ized with at least one metal that is bound to

the at least one chelating agent on the tissue treatment product.



22 The tissue treatment product of claim 2 , wherein the at least one metal

comprises at least one of calcium, zinc, copper, silver, cobalt, nickel,

manganese, and magnesium.

23, The tissue treatment product of claim 2 1 or 22, wherein the at least one

metal comprises at least two metals

24 The tissue treatment product of any one of claims 21-23, wherein the at least

one metal has antimicrobial properties.

25 The tissue treatment product of any one of claims 21-24, wherein the at least

one metal has the ability to interact with at least one metal-binding protein.

28 The tissue treatment product of claim 25, wherein the tissue treatment

product is further funcfionalized with at least one metal-binding protein.

27. The tissue treatment product of claim 26, wherein the at least one metal-

binding protein has antimicrobial properties.

28. The tissue treatment product of claim 26 or 27, wherein the at least one

metal-binding protein comprises lysostaphin.

29 The tissue treatment product of claim 26, wherein the at least one metal-

binding protein comprises at least one matrix metailoproteinase.

30. The tissue treatment product of claim 29, wherein the at least one matrix

metailoproteinase comprises a coliagenase, geiatinase, stromoiysin,

matriiysin, or elastase.



The tissue treatment product of claim , wherein the tissue treatment product

comprises a porous materia! covalently bound to IDA and functionalized with

zinc and lysostaphi

A kit comprising the tissue treatment product of any one of claims 1-31 and

instructions for using the kit.

The kit of claim 32, wherein the kit is packaged under aseptic or sterile

conditions

, A method of making a tissue treatment product, comprising:

selecting a porous material having a natural or artificial scaffold, wherein the

material comprises at least one of an extracellular matrix of a partially

deceiiularized tissue, an extracellular matrix of a completely decellularized

tissue, and a porous synthetic scaffold material; and

covalently binding at least one chelating agent to the porous material.

The method of claim 34, wherein covalently binding at least one chelating

agent to the porous material comprises first reacting the chelating agent with

an activating agent and then covalently binding the activated chelating agent

to free amine, thiol, or hydroxyl groups on the porous material.

, The method of claim 35, wherein the activating agent is N-

hydroxysulfosuccinimide (NHS), suberic acid bis(N~hydroxysuccinimide

ester), 1,4-butanedioi diglycidyl ether, epibromohydrin, or 1,2,7,8-

diepoxyoctane.



37. The method of any one of claims 34-38, wherein the at least one chelating

agent comprises at least one of IDA, NTA, EDTA, or DTPA

38. The method of any one of claims 34-37, wherein the at least one chelating

agent comprises IDA.

39 The method of any one of claims 34-38, further comprising functionalizing

the tissue treatment product by contacting the tissue treatment product with

at least one metal that can bind to the one or more chelating agents on the

tissue treatment product.

40. The method of claim 39, wherein the at least one metal comprises at least

one of calcium, zinc, copper, silver, cobalt, manganese, nickel, and

magnesium.

4 . The method of claim 39 or 40, wherein the at least one metal comprises at

least two metals.

42. The method of any one of claims 39-41 , wherein the at least one metal has

antimicrobial properties.

43. The method of any one of claims 39-42, wherein the at least one metal has

the ability to interact with at least one metal-binding protein.

44. The method of claim 43, further comprising contacting the funcfionalized

tissue treatment product with at least one metal-binding protein.

45. The method of claim 44, wherein the at least one metal-binding protein has

antimicrobial properties.



46. The method of claim 44 o 45, wherein the at least one metal-binding protein

comprises iysos aph n

47. The method of claim 44, wherein the at least one metal-binding protein

comprises at least one matrix metalloproteinase.

48. The method of claim 47, wherein the at least one matrix metalloproteinase

comprises col!agenase, gelatinase, stromolysin, matri!ysin, or e!astase

49. The method of claim 34, comprising covalently binding a porous material to

IDA and functionalizing by binding to zinc and Iysostaphin.

50. The method of any one of claims 34-49, wherein the porous material

comprises a partially or fully dece!lularized tissue from at least one of

human, nonhuman primate, pig, cow, horse, goat, sheep, dog, cat, rabbit,

guinea pig, gerbil, hamster, rat, or mouse.

5 . The method of any one of claims 34-50, wherein the porous materia!

comprises a partially or fully decellularized tissue from at least one of bone,

skin, dermis, intestine, urinary bladder, tendon, ligament, muscle, fascia,

vascular, neurologic, vessel, liver, heart, lung, kidney, or cartilage tissue.

52. The method of any one of claims 34-51 , wherein the porous material

comprises at least one of a hyaluronic acid derivative, chitosan,

polycaprolactone, poiyglycolide, poiylactide, polydioxane (or other poiyether

esters), poly(iactide-co-glycolide), or polyhydroxyalkonate

53. The method of any one of claims 34-52, wherein the porous material

comprises a polyurethane material.



54 The method of any one of claims 34-53, further comprising contacting the

tissue treatment product with one or more viable ceils.

55 The method of claim 54, wherein the one or more cells are mammalian ceils.

58. The method of claim 54 or 55, wherein the one or more cells are stem ceils.

57 The method of any one of claims 34-58, further comprising adding at least

one factor selected from at least one of an anti-inflammatory agent, an

analgesic, a ce l growth factor, an angiogenic factor, a differentiation factor, a

cytokine, a hormone, and a chemokine to the tissue treatment product.

58 The method of claim 57, wherein the at least one factor is encoded by a

nucleic acid sequence contained within an expression vector.

59, The method of claim 58, wherein the expression vector is contained within

one or more viable cells.

60 The method of any one of claims 34-59, further comprising irradiating the

tissue treatment product.

6 1 The method of claim 80, wherein irradiating the tissue treatment product

comprises exposing the tissue treatment product to 5-25 kGy E-beam

irradiation.

82. A tissue treatment product prepared according to the method of any one of

claims 34-61 .



63. A method of treatment, comprising implanting the tissue treatment product of

claim 1 into a tissue in need of repair, regeneration, healing, treatment, or

alteration.

84. The method of claim 83, wherein the implanted tissue treatment product

provides a structural scaffold into which native ceils from surrounding tissue

can migrate and proliferate, thereby promoting or enhancing tissue repair,

regeneration, healing, treatment, or alteration.

85. The method of claim 63 or 84, wherein the tissue treatment product is

covalentiy bound to one or more chelating agents and wherein the tissue

treatment product can bind and sequester at least one undesirable metai at

the site of implantation.

66. The method of any one of claims 63-85, wherein the implanted tissue

treatment product is functionalized with at least one metal, and wherein the

implanted tissue treatment product has a lower level of bioburden, as

compared to an implanted tissue treatment product that is not functionalized

with metal, at any point in time following implantation into a host tissue

67. The method of claim 68, wherein the at least one metal comprises one or

more of zinc, copper, or silver.

8. The method of any one of claims 83-87, wherein the implanted tissue

treatment product is functionalized with at least one metal and at least one

metal-binding protein.

89. The method of claim 88, wherein the metal-binding protein has antimicrobial

properties, and wherein the tissue treatment product has lower level of



bioburden, as compared to an implanted tissue treatment product that is not

functionalized with the metal-binding protein, at any point in time following

implantation into a host tissue.

70. The method of claim 89, wherein the metal-binding protein is lysostaphin.

7 1. The method of ciaim 68, wherein the metal-binding protein is a matrix

metailoproteinase, and wherein the matrix metalioproteinase promotes or

enhances native eel! proliferation, migration, differentiation, or angiogenesis,

or reduces inflammation at the site of implantation, as compared to an

implanted tissue treatment product that is not functionalized with a matrix

metalioproteinase.

72. The method of any one of claims 63-71 , wherein the tissue treatment

product s implanted for cosmetic purposes.

73. The method of claim 72, wherein the tissue treatment product is used in

combination with a breast implant.

74. The method of any one of claims 83-71 , wherein the tissue treatment

product is implanted following the removal of native tissue.

75. The method of claim 74, wherein the tissue being removed is a tumor.

76. The method of claim 75, wherein the tumor is a breast tumor.

77. The method of any one of claims 74-78, wherein implanting a tissue

treatment product preserves the look or feel of the native tissue, as

compared to the look or feel in the absence of an implanted tissue treatment

product.



78. The method of any one of claims 63-71 , wherein the tissue treatment

product is implanted following surgical separation of native tissues.

79. The method of claim 78, wherein implanting the tissue treatment product

leads to faster healing of the separated native tissues, as compared to

healing in the absence of an implanted tissue treatment product.

80. The method of any one of claims 63-71 , wherein the tissue treatment

product is implanted in a wound or other void space that occurs through

injury or disease.

8 . The method of claim 80. wherein implanting the tissue treatment product

leads to faster healing of the wound or void space, as compared to healing

in the absence of an implanted tissue treatment product.

82. A method of treatment, comprising contacting a surface of a wound or

surgical incision with a tissue treatment product comprising a porous

synthetic material and at least one chelating agent that is covalently bound

to the porous material, wherein the tissue treatment product seals the wound

or surgical incision, and wherein the tissue treatment product provides a

platform for the rapid attachment of metals and metal-binding proteins prior

to surgical use in a subject.

83. The method of claim 82, wherein the synthetic material is a polyurethane

material

84. The method of claim 82 or 83, wherein the at least one chelating agent can

bind and sequester at least one undesirable metal at the wound or surgical

incision site.



85. The method of any one of claims 82-84, wherein the tissue treatment

product is functionalized with at least one metal, and wherein the surgical

incision or wound site has a lower level of bioburden, as compared to a

surgical incision or wound site that is not contacted with a tissue treatment

product functionalized with metal, at any point in time following application to

the surgical incision or wound.

86. The method of claim 85, wherein the at least one metal comprises one or

more of zinc, copper, or silver.

87. The method of any one of claims 82-86, wherein the tissue treatment

product s functionalized with at least one metal and at least one metal-

binding protein.

88. The method of claim 87, wherein the metal-binding protein has antimicrobial

properties, and wherein the surgical incision or wound site has a lower level

of bioburden, as compared to a surgical incision or wound site that is not

contacted with a tissue treatment product functionalized with a metal-binding

protein, at any point in time following application to the surgical incision or

wound.

89. The method of claim 88, wherein the metal-binding protein is lysostaphin.

90. The method of claim 88, wherein the metal-binding protein is a matrix

meta loproteinase

9 . Use of the tissue treatment product of any one of claims 1-31 in the

manufacture of a medicament for treating a tissue in need of repair,

regeneration, healing, treatment, or alteration



The use according to claim 9 1, wherein the repair, regeneration, healing,

treatment, or alteration comprises contacting a surface of a wound or

surgical incision with the tissue treatment product, wherein the tissue

treatment product seals the wound or surgical incision, and wherein the

tissue treatment product provides a platform for the rapid attachment of

metals and metai-binding proteins prior to surgical use in a subject.
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