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BIOPROSTHETIC TISSUE PREPARATION

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Patent Application No. 62/ 945721,
filed December 9, 2019, the entire disclosure which is incorporated by reference for all

purposes.

TECHNICAL FIELD
[0002] The application is generally directed to methods of preparing bioprosthetic
tissue, and more specifically to methods that include removal of antigenic biomolecules
and/or cells from bioprosthetic tissue, including biodegradable or nonbiodegradable

tissue.

BACKGROUND
[0003] Bioprosthetic tissue is utilized in a number of medical devices as an
alternative to mechanical medical devices. For instance, tissue-based prosthetic heart
valves can be utilized as an alternative to mechanical heart valves, each conferring their
benefits and drawbacks. Mechanical heart valves have a very long life expectancy but
require a patient to utilize blood thinners for the rest of their life to reduce the risk of
blood clots. Patients utilizing blood thinners can have severe medical issues whenever
bleeding occurs. Tissue-based heart valves typically do not require a patient to utilize
blood thinners, but the tissue-based prosthetics have a shorter life expectancy (15 — 30
years). Thus, patients receiving tissue-based heart valves would likely need additional
surgeries to replace tissue-based heart valves that have degraded. For many young
patients, the decision between mechanical or tissue-based heart valves can be very

difficult.

SUMMARY OF THE DISCLOSURE
[0004] Many aspects of the disclosure are directed to methods to prepare tissue for
preclinical or clinical use, including remove antigenic biomolecules and/or cells from

bioprosthetic tissue.

[0005] In an aspect, antigens and cells are removed from a bioprosthetic tissue.
Hydrophilic biomolecules are solubilized within the bioprosthetic tissue utilizing a
reducing agent. Lipophilic biomolecules are solubilized within the bioprosthetic tissue
utilizing at least one detergent. Biomolecules are enzymatically degraded within the
bioprosthetic tissue utilizing at least one of: nuclease, lipase, carbohydrase, or

depolymerase.
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[0006] In another aspect, the reducing agent is one of: B-mercaptoethanol (BME or 2-
ME), tris(2-carboxyethyl)phosphine (TCEP), dithiothreitol (DTT), tributylphosphine
(TBP of TnBP), or a combination thereof.

[0007] In yet another aspect, the at least one detergent is a nonionic detergent, a
zwitterionic detergent, an ionic detergent, or a plurality of detergents comprising at

least one nonionic detergent and at least one ionic detergent.

[0008] In a further aspect, the zwitterionic detergent is one of: amidosulfobetaine-14
(ASB-14), amidosulfobetaine-16 (ASB-16), 4-octylbenzoylamido-propyl-
dimethylammoniosulfobetaine (ASB-C80), sulfobetaine 3-10 (SB 3-10), sulfobetaine 3-12
(SB 3-12), sulfobetaine 3-14 (SB 3-14), sulfobetaine 3-16 (SB 3-16), sulfobetaine 3-18 (SB
3-18), 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate hydrate (CHAPS),
3-([3-cholamidopropyl]dimethylammonio)-2-hydroxy-1-propanesulfonate (CHAPSO),
non-detergent sulfobetaine 195 (NDSB-195), non-detergent sulfobetaine 201 (NDSB-
201), non-detergent sulfobetaine 211 (NDSB-211), non-detergent sulfobetaine 221
(NDSB-221), non-detergent sulfobetaine 256 (NDSB-256), or a combination thereof.

[0009] In still yet another aspect, the nonionic detergent is one of: a Tween
detergent, a Triton-X detergent, n-dodecyl-B-D-maltoside (DDM), digitonin, IGEPAL CA-
630, N,N-bis[3-(D-gluconamido)propyl]cholamide (BigCHAP), N,N-bis[3-(D-
gluconamido)propyl]deoxycholamide (Deoxy Big CHAP), or a combination thereof.
[0010] In still yet an even other aspect, the ionic detergent is one of: sodium dodecyl

sulfate (SDS), sodium deoxycholate, sodium cholate, sarkosyl, or

cetyltrimethylammonium bromide (CTAB), or a combination thereof.

[0011] In yet a further aspect, the nuclease is one of: RNase A, DNase I, benzonase

nuclease or a combination thereof.

[0012] In an even further aspect, the lipase is one of: triacylglycerol lipase,

pancreatic lipase, or a combination thereof.

[0013] In yet an even further aspect, the carbohydrase is one of: amylase, arabanase,

cellulose, glucanse, xylanase, or a combination thereof.
[0014] In still yet an even further aspect, the bioprosthetic tissue is animal tissue.

[0015] In still yet an even further aspect, the animal tissue is one of: pericardium,
heart valve, blood vessel, small intestinal submucosa, collagen-based tissue, or elastin-

based tissue.
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[0016] In still yet an even further aspect, the animal tissue is one of: bovine, porcine,

ovine, avian, or human.

[0017] In still yet an even further aspect, undesirable tissue is removed from the

bioprosthetic tissue.

[0018] In still yet an even further aspect, the undesirable tissue is one of: adipose,

venous, cartilaginous, or a combination thereof.
[0019] In still yet an even further aspect, the bioprosthetic tissue is fixed.

[0020] In still yet an even further aspect, the bioprosthetic tissue is fixed by a
method selected from the group consisting of: perfusion, immersion, freezing, drying, or

a combination thereof.

[0021] In still yet an even further aspect, at least one crosslinking agent is used to

fix the bioprosthetic tissue.

[0022] In still yet an even further aspect, the at least one crosslinking agent is one
of: formaldehyde, glutaraldehyde, paraformaldehyde, formalin, genipin, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC), or a combination thereof.

[0023] In still yet an even further aspect, the at least one crosslinking agent includes
formaldehyde, glutaraldehyde, paraformaldehyde, or formalin. And the aldehyde

crosslinks within the bioprosthetic tissue are stabilized.

[0024] In still yet an even further aspect, the stabilizing aldehyde crosslinks includes

treating with heat for an extended period of time.

[0025] In still yet an even further aspect, the at least one crosslinking agent includes
formaldehyde, glutaraldehyde, paraformaldehyde, or formalin. And free aldehydes

within the bioprosthetic tissue are capped.
[0026] In still yet an even further aspect, the capping free aldehydes includes

treating with a reducing agent, an amine, or a combination thereof.

[0027] In still yet an even further aspect, e at least one crosslinking agent includes
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC). And carboxy

crosslinks within the bioprosthetic tissue are stabilized.

[0028] In still yet an even further aspect, the stabilizing carboxy crosslinks includes

treating with heat for an extended period of time.
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[0029] In still yet an even further aspect, an enzymatic crosslinker is used to fix the

bioprosthetic tissue.

[0030] In still yet an even further aspect, the enzymatic crosslinker is one of: a

transglutaminase, an oxidoreductase, or a combination thereof.

[0031] In still yet an even further aspect, a precipitating agent is used to fix the

bioprosthetic tissue.

[0032] In still yet an even further aspect, the precipitating agent is one of: methanol,

ethanol, propanol, acetone, or a combination thereof.

[0033]  In still yet an even further aspect, free carboxyl groups within the

bioprosthetic tissue are capped.

[0034] In still yet an even further aspect, the capping free carboxyl groups includes
treating with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC).

[0035] In still yet an even further aspect, a bioburden reduction treatment is

performed on the bioprosthetic tissue.

[0036] In still yet an even further aspect, the bioburden reduction treatment
includes one of: treatment with cytotoxic reagents, treatment with antimicrobial agents,
heat treatment, pressure treatment, radiation treatment, treatment with a detergent,

treatment with a crosslinking agent, or a combination thereof.

[0037] In still yet an even further aspect, the bioprosthetic tissue is stored within a

solution.

[0038] In still yet an even further aspect, the solution is a fixation buffer or

propylene oxide in water.

[0039] In still yet an even further aspect, the bioprosthetic tissue is treated with a

solution for dry storage.

[0040] In still yet an even further aspect, the solution for dry storage includes a

glycerol, polyethylene glycol, or a saccharide.

[0041]  In still yet an even further aspect, the solvent for the solution for dry storage

is aqueous based or alcohol based.

[0042] In still yet an even further aspect, glycerolization is performed as the

treatment of the bioprosthetic tissue for dry storage.
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[0043]  In still yet an even further aspect, the solution for dry storage includes a
percentage of glycerol selected from about: 50%, 60%, 70%, 80%, 90%, or 100%.

[0044] In still yet an even further aspect, the solution for dry storage includes a

percentage of C1—Cs alcohol selected from about: 0%, 10%, 20%, 30%, 40%, or 50%.
[0045] In still yet an even further aspect, the bioprosthetic tissue is sterilized.

[0046]  In still yet an even further aspect, the sterilizing includes a treatment
selected from the group consisting of: gamma irradiation, gas plasma, aldehydes,

ethylene oxide, e-beam, and a combination thereof.
[0047] In still yet an even further aspect, the bioprosthetic tissue is shaped.

[0048] In still yet an even further aspect, the shaping includes one of: die cutting,

laser cutting, folding, forming, and a combination there of.

[0049] In still yet an even further aspect, the prosthetic tissue is utilized in the

manufacture of a medical device.

[0050] In still yet an even further aspect, the medical device is one of: a tissue patch,

a medical vessel, a conduit, a closure device, or a heart valve.

[0051] In still yet an even further aspect, the medical device is a heart valve and the

prosthetic tissue is utilized to form leaflets.

[0052] Additional aspects and features are set forth in part in the description that
follows, and in part will become apparent to those skilled in the art upon examination of
the specification or may be learned by the practice of the various aspects described. A
further understanding of the nature and advantages of the present disclosure may be
realized by reference to the remaining portions of the specification and the drawings,

which forms a part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0053] The description and claims will be more fully understood with reference to the
following figures, which are presented as exemplary description and should not be

construed as a complete recitation of the scope of the disclosure.

[0054] Fig. 1 provides a flow chart to prepare bioprosthetic tissue for clinical use in

accordance with an aspect of the disclosure.

[0055] Fig. 2 provides a flow chart to remove antigenic biomolecules and/or cells from

bioprosthetic tissue in accordance with an aspect of the disclosure.
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[0056] Fig. 3 provides a flow chart to prepare bioprosthetic tissue for assembly into a

medical device in accordance with an aspect of the disclosure.
[0057] DETAILED DESCRIPTION

[0058] Turning now to the drawings and description, various methods to prepare
bioprosthetic tissue are described. In several instances, bioprosthetic tissue is prepared
for clinical or preclinical use, including (but not limited to) for grafting or incorporation
into a medical device. In some instances, bioprosthetic tissue is prepared to be
incorporated into a prosthetic heart valve, including (but not limited to) an aortic, a

mitral, a tricuspid, or a pulmonary heart valve.

[0059] Aspects of the description are directed to removal of biomolecules (e.g., nucleic
acids, lipids, carbohydrates, and proteins) from bioprosthetic tissue during the
preparation process. It is now understood that a number of biomolecules within
bioprosthetic tissue may produce an immune response in a patient that receives the
bioprosthetic tissue. For example, a patient receiving a heart valve that incorporates
bioprosthetic tissue may have an immune response to the bioprosthetic tissue
recognizing the bioprosthetic tissue as foreign (e.g., tissue that was not naturally grown
within the patient). This response is similar to an immune response against bacteria
and/or an autoimmune response. When the immune system recognizes a foreign
substance, the substance is referred to as an antigen the immune system tries to remove
it. Accordingly, when bioprosthetic tissue induces an immune response, the
bioprosthetic tissue is attacked by the immune cells which can lead to degradation of the
bioprosthetic tissue. This immune response can lead to a short lifetime of many
implanted medical devices that incorporate bioprosthetic tissue. Thus, in accordance
with several aspects of the disclosure, it is a goal to mitigate an immune response
against medical devices that incorporate bioprosthetic tissue in order prolong the device
lifetime and prevent the patient from requiring additional surgeries to replace the
device. As is described within, several aspects are directed to mitigating an immune
response against a medical device by reducing and/or removing antigenic biomolecules

and cells that may exist within bioprosthetic tissue.

Methods of Preparing Bioprosthetic Tissue

[0060] Several aspects are directed towards methods to prepare a bioprosthetic
tissue for use in a medical application, including clinical and preclinical procedures.
Bioprosthetic tissue, in accordance with several aspects, is animal tissue that is to be

used in a medical device and/or medical procedure. Examples of bioprosthetic tissue
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include (but are not limited to) animal pericardium, heart valve, blood vessel, small
intestinal submucosa (SIS), collagen-based tissue, and elastin-based tissue.
Bioprosthetic tissue can be derived from any appropriate animal source, including (but
not limited to) bovine, porcine, ovine, avian, and human donor. In many instances,
bioprosthetic tissue is from a nonautologous (e.g., non-self) source, but an autologous
(e.g., self) source can be utilized in accordance with some aspects of the disclosure. In
many instances, bioprosthetic tissue is processed and prepared for clinical use, which
may include removal of antigenic biomolecules and cells. In some instances, a processed
bioprosthetic tissue is nonbiodegradable. In some instances, a processed bioprosthetic

tissue is biodegradable.

[0061] In accordance with several aspects, antigenic biomolecules are any
biomolecule within bioprosthetic tissue capable of producing an immunological response
in a patient that receives the bioprosthetic tissue. In many instances, antigenic
biomolecules include (but are not limited to) antigenic proteins, antigenic lipids,

antigenic metabolites, and antigenic nucleic acids.

[0062] Provided in Fig. 1is an exemplary process to prepare bioprosthetic for clinical
or preclinical use. Process 100 begins by obtaining 101 bioprosthetic tissue.
Bioprosthetic tissue can be derived from any appropriate animal source, including (but
not limited to) bovine, porcine, ovine, avian, and human donor. In many instances,
bioprosthetic tissue is from a nonautologous (e.g., non-self) source, but an autologous

(e.g., self) source can be utilized in accordance with some applications of the method.

[0063] In some applications, a tissue is processed after retrieval from a source to
remove undesirable tissue. For example, adipose, venous, cartilaginous, and/or any

other undesirable tissue may be removed.

[0064] Process 100 also removes 103 antigenic biomolecules and/or cells from
bioprosthetic tissue. In many instances, antigenic biomolecules that are removed include
(but are not limited to) antigenic proteins, antigenic lipids, antigenic metabolites, and
antigenic nucleic acids. A number of means can be utilized to remove antigenic
biomolecules, including (but not limited to) treating with detergents, treating with
reducing agents, treating with enzymes that hydrolyze or break down biomolecules (e.g.,

nucleases, lipases, carbohydrases, depolymerases).

[0065] Process 100 also fixes 105 and/or preserves bioprosthetic tissue. A number of

methodologies and reagents can be utilized to fix and preserve bioprosthetic tissue. In
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several instances, tissue is fixed by perfusion, immersion, freezing, drying, or a
combination thereof. A number of fixative reagents can be utilized, including
crosslinking reagents and precipitating reagents. Crosslinking reagents include (but are
not limited to) formaldehyde, glutaraldehyde, paraformaldehyde, formalin, other
aldehydes, genipin, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC), and enzymatic crosslinkers. In some instances, an amine crosslinking reagent is
utilized, such as (for example) formaldehyde, glutaraldehyde, paraformaldehyde,
formalin or genipin. In some instances, a carboxy crosslinking reagent is utilized, such
as (for example) EDC, which may reduce calcification of free carboxy groups. In some
instances, an amine and a carboxy crosslinking are each utilized, which can be utilized

concurrently or in tandem.

[0066] In some instances, bioprosthetic tissue is fixed utilizing a biodegradable
crosslinker, such as (for example) an enzymatic crosslinker, which can increase
biocompatibility of the tissue. Enzymatic crosslinkers include transglutaminases (e.g.,
factor XIII) and oxidoreductases (e.g., tyrosinases, laccases with peroxidases, and lysyl
oxidases with amine oxidases). For more examples of enzymatic crosslinkers, see J. C.
Schense and J. A. Hubbell, Bioconjug Chem. 1999;10(1):75-81; and T. Heck, et al, Appl
Microbiol Biotechnol. 2013;97(2):461-75; the disclosures of which are each incorporated
herein by reference for all purposes. In some instances, a biodegradable crosslinker is
used instead of chemical crosslinking reagents allows the crosslinked tissue to remain
biodegradable. In some applications, biodegradable tissue is used as a temporary
implant and allows native tissue to grow in and replace the biodegradable tissue. In
some instances, crosslinking is performed utilizing bio-orthogonal anchor and
difunctional linking compounds, such as those described in in U.S. Patent No. 9,925,303

by Benton, the disclosure of which is incorporated herein by reference for all purposes.

[0067] In some instances, a precipitating reagent is utilized. Precipitating reagents
include (but are not limited to) methanol, ethanol, propanol, and acetone. The
appropriate fixation methodology and reagents utilized can vary and are often
dependent on the end-product. For instance, when fixed (or cross-linked) tissues are to
be utilized for a clinical application, it may be desired to use a less toxic fixative or a

fixative that can be rendered less toxic with a post-fixation procedure.

[0068] Process 100 further prepares 107 bioprosthetic tissue for clinical or preclinical
use. The exact preparation depends on the clinical or preclinical application. In some

instances, bioprosthetic tissue is utilized in the manufacture of a medical device. In
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some particular instances, bioprosthetic tissue is utilized to in the manufacture of heart
valve. In some instances, bioprosthetic tissue is utilized in a grafting procedure. In some
instances, bioprosthetic tissue is utilized in a vasculature prosthesis. In some instances,
bioprosthetic tissue is used in treatment of patient. In some instances, bioprosthetic
tissue used in preclinical applications, such as (for example) training procedures on

cadavers, animal models, or anthropomorphic phantoms.

[0069] A number of measures can be taken to prepare bioprosthetic tissue for clinical
or preclinical use. In some instances, bioprosthetic tissue is washed and/or perfused to
remove harmful fixatives and other chemicals. In some instances, bioprosthetic tissue is
cut, folded, and/or formed into the desired shape. In some instances, bioburden
reduction (e.g., microorganismal removal and inhibition) is performed on bioprosthetic
tissue. In some instances, free aldehydes within bioprosthetic tissue are capped (e.g., a
chemical procedure to modify free aldehydes to prevent them from binding calcium in a

host recipient).

[0070] In some instances, prosthetic tissue is prepared for storage, which may help
with long-term preservation. Storage can be dry storage or wet storage. Wet storage
methods include storing the tissue within a solution, such as (for example) a fixation
buffer (e.g., glutaraldehyde buffer) or propylene oxide in water. Dry storage methods
include treating a tissue with a solution inclusive of a biocompatible molecule for a
period of time, which can allow the components of the solution to equilibrate within the
tissue. The tissue is then stored free of liquids, except for the components of the aqueous
solution equilibrated therein. Biocompatible molecules to be included within a solution
for dry storage include (but are not limited to) glycerol, propylene glycol, polyethylene
glycol, and saccharides. Solvents for dry storage include (but are not limited) aqueous
based solvents, alcohol based solvents, any other biocompatible solvent, and any solvent
mixture thereof. For more description of dry storage methods, see U.S. Patent No.
6,534,004 by Chen et al., U.S. Patent No. 8,007,992 by Tian et al., and U.S. Patent No.
10,383,978 by Dong et al., the disclosures of which are each incorporated herein by
reference for all purposes. In some instances, prosthetic tissue is sterilized, which can be
performed using gamma irradiation, gas plasma, aldehydes, ethylene oxide, and/or e-

beam.

[0071] A number of tissue preparation procedures have been described, including the
descriptions within the following publications: U.S. Patent No. 7,972,376 by Dove et al.,
U.S. Patent No. 8,748,490 by Dove et al., U.S. Patent No. 9,029,418 by Dove et al., U.S.
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Patent No. 9,320,830 by Dove et al., U.S. Patent No. 10,722,613 by Ashworth et al., U.S.
Pub. No. 2017/0173214 by Wang, et al., and U.S. Pub. No. 2019/0374680 by
Lehenberger, et al., the disclosures of which are each incorporated herein by reference

for all purposes.

[0072] While specific examples of antigen removal and decellularization, fixation,
and preparation of bioprosthetic tissue are described above, one of ordinary skill in the
art can appreciate that various steps of the process can be performed in different orders
and that certain steps may be optional according to some aspects of the description. As
such, it should be clear that the various steps of the process could be used as appropriate
to the requirements of specific applications. Furthermore, any of a variety of processes
for antigen removal and decellularization, fixation, and preparation of bioprosthetic
tissue appropriate to the requirements of a given application can be utilized in

accordance with various aspects of the description.

Methods to Remove Antigenic Biomolecules

[0073] A number of aspects of the description are directed to methods of removing
antigenic biomolecules and/or cells from prosthetic tissue. As it is now understood,
antigens within prosthetic tissue can stimulate host immune systems, which in turn
promotes degeneration of prosthetic tissue and eventual failure of the tissue. Often,
prosthetic tissue grafts and/or medical devices incorporating prosthetic tissue require
replacement around every 5 to 20 years. Accordingly, in a variety of instances, antigen
removal from prosthetic tissue mitigates a host’s immune response and mitigates
degeneration of the tissue. Furthermore, in some instances, antigen removal prolongs
the life expectancy of a graft or medical device, which in turn may reduce the need to

replace a graft or medical device.

[0074] In several instances, antigens are removed from a prosthetic tissue utilizing
detergents, reducing agents, and/or enzymes. In numerous instances, antigens to be
removed are biomolecules including (but not limited to) proteins, lipids, nucleic acids,

and carbohydrates.

[0075] Provided in Fig. 2 is an exemplary process of a method to remove antigenic
biomolecules. Process 200 begins with obtaining 201 bioprosthetic tissue. Bioprosthetic
tissue can be derived from any appropriate animal source, including (but not limited to)
bovine, porcine, ovine, avian, and human donor. In many instances, bioprosthetic tissue
is from a nonautologous (e.g., non-self) source, but an autologous (e.g., self) source can be

utilized in accordance with some aspects of the description.
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[0076] In some instances, a tissue is processed after retrieval from a source to
remove undesirable tissues. For example, adipose, venous, cartilaginous, and/or any
other undesirable tissue may be removed. In some instances, a destabilizing or

depolymerization agent is utilized.

[0077] Process 200 solubilizes 203 hydrophilic biomolecules in bioprosthetic tissue.
Solubilization of hydrophilic biomolecules results in their release from bioprosthetic
tissue, which in turn can be removed by rinsing, washing, perfusion and/or other
appropriate method to remove soluble components. In many instances, hydrophilic
biomolecules to be solubilized are any water soluble biomolecules that exist within
bioprosthetic tissue, including (but not limited to) cytosolic proteins, extracellular
proteins, polysaccharides, oligosaccharides, monosaccharides, metabolites, amino acids,
nucleic acid oligomers and monomers and other biomolecules soluble in the cytosolic or

extracellular space of the tissue.

[0078] In several instances, solubilization of hydrophilic biomolecules is achieved by
utilizing a detergent, a reducing agent, an enzyme to break down hydrophilic molecules,
or a combination thereof. In numerous instances, at least one reducing agent is utilized.
Reducing agents that can be utilized include (but are not limited to) B-mercaptoethanol
(BME or 2-ME), tris(2-carboxyethyl)phosphine (TCEP), dithiothreitol (DTT),
tributylphosphine (TBP or TnBP), and combinations thereof.

[0079] In many instances, solubilization of hydrophilic biomolecules is performed in
an aqueous solution. In some instances, an aqueous solution is buffered to maintain a
pH below about 8.5, and in some instances a pH between about 7.5 and 8.5, which may
confer a benefit to stabilize the aqueous environment and the bioprosthetic tissue. Any
appropriate buffer salt may be utilized, including (but not limited to) phosphate buffered
solution (PBS), potassium chloride (KCL), monobasic potassium phosphate (KH2POJ),
dibasic potassium phosphate (K2HPO4), sodium chloride (NaCl) including isotonic saline,
potassium bromide (KBr), sodium bromide (NaBr), calcium chloride (CaClz), HEPES,
MES, MOPS, HEPPs, HEPBS, and Tris-HCI. Solubilization of hydrophilic biomolecules
can be performed in any appropriate temperature to confer appropriate activity
including (but not limited to) room temperature (~25 °C), and body temperature

(~37 °C). The duration of hydrophilic solubilization can be performed to the needs of the
application, depending on the reagents utilized, temperature, and desired results. In

some instances, bioprosthetic tissue is treated with a hydrophilic solubilization solution
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for about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 48 hours, 72 hours, or

greater than 72 hours.

[0080] Process 200 also solubilizes 205 lipophilic biomolecules in bioprosthetic tissue.
Solubilization of lipophilic biomolecules results in their release from bioprosthetic tissue,
which in turn can be removed by rinsing, washing, perfusion and/or other appropriate
method to remove lipid soluble components. In many instances, lipophilic biomolecules
to be solubilized are any lipid soluble biomolecules that exist within bioprosthetic tissue,
including (but not limited to) phospholipids, transmembrane proteins, cholesterol,

nuclear pores, and other biomolecules soluble in the membranous portions of the tissue.

[0081] In several instances, solubilization of lipophilic biomolecules is achieved by
utilizing a detergent, reducing agent, an enzyme to break down lipophilic molecules, or a
combination thereof. In numerous instances, at least one reducing agent is utilized.
Reducing agents include (but are not limited to) B-mercaptoethanol (BME or 2-ME),
tris(2-carboxyethyl)phosphine (TCEP), dithiothreitol (DTT), tributylphosphine (TBP or
TnBP), and combinations thereof. In numerous instances, at least one detergent is
utilized. In some instances, the at least one detergent is a zwitterionic detergent. In
some instances, the at least one detergent is a nonionic detergent. In some instances,
the at least one detergent is an ionic detergent. In some instances, a nonionic and an
ionic detergent are utilized concurrently. In some instances, a nonionic and a
zwitterionic detergent are utilized concurrently. In some instances, an ionic and a
zwitterionic detergent are utilized concurrently. In some instances, a nonionic, an ionic
and a zwitterionic detergent are utilized concurrently. Zwitterionic detergents include
(but are not limited to) amidosulfobetaine-14 (ASB-14), amidosulfobetaine-16 (ASB-16),
4-octylbenzoylamido-propyl-dimethylammoniosulfobetaine (ASB-C80), sulfobetaine 3-10
(SB 3-10), sulfobetaine 3-12 (SB 3-12), sulfobetaine 3-14 (SB 3-14), sulfobetaine 3-16 (SB
3-16), sulfobetaine 3-18 (SB 3-18), 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate hydrate (CHAPS), 3-([3-cholamidopropyl]dimethylammonio)-2-
hydroxy-1-propanesulfonate (CHAPSO), non-detergent sulfobetaine 195 (NDSB-195),
non-detergent sulfobetaine 201 (NDSB-201), non-detergent sulfobetaine 211 (NDSB-
211), non-detergent sulfobetaine 221 (NDSB-221), non-detergent sulfobetaine 256
(NDSB-256), and combinations thereof. Nonionic detergents include (but are not limited
to) polysorbate non-ionic detergents (e.g. TWEEN® polysorbate detergents, Croda
International), polyethelene oxide non-ionic detergents (e.g., Triton™ X polyethylene

oxide non-ionic detergents, Dow Chemical), n-dodecyl-B-D-maltoside (DDM), digitonin,
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IGEPAL CA-630, N,N-Bis[3-(D-gluconamido)propyl]cholamide (BigCHAP), and N,N-
Bis[3-(D-gluconamido)propyl]deoxycholamide (Deoxy Big CHAP). Polysorbate non-ionic
detergents include (but are not limited to) polysorbate 20 (e.g., TWEEN® 20) and
polysorbate 80 (e.g., TWEEN® 80). Polyethelene oxide non-ionic detergents include (but
are not limited to) 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy]ethanol (Triton™ X-100)
and 1,1,3,3-Tetramethylbutyl)phenyl-polyethylene glycol (Triton™ X-114). Ionic
detergents include (but are not limited to) sodium dodecyl sulfate (SDS), sodium

deoxycholate, sodium cholate, sarkosyl, and cetyltrimethylammonium bromide (CTAB).

[0082] In many instances, solubilization of lipophilic biomolecules is performed in an
aqueous solution. In some instances, an aqueous solution is buffered to maintain a pH
below about 8.5, and in some instances a pH between about 7.5 and 8.5, which may
confer a benefit to stabilize the aqueous environment and the bioprosthetic tissue. Any
appropriate buffer salt may be utilized, including (but not limited to) phosphate buffered
solution (PBS), potassium chloride (KCL), monobasic potassium phosphate (KHzPOy),
dibasic potassium phosphate (K:HPO4), sodium chloride (NaCl) including isotonic saline,
potassium bromide (KBr), sodium bromide (NaBr), calcium chloride (CaClz), HEPES,
MES, MOPS, HEPPs, HEPBS, and Tris-HCI. Solubilization of lipophilic biomolecules
can be performed in any appropriate temperature to confer appropriate activity
including (but not limited to) room temperature (~25 °C), and body temperature

(~37 °C). The duration of lipophilic solubilization can be performed to the needs of the
application, depending on the reagents utilized, temperature, and desired results. In
some instances, bioprosthetic tissue is treated with a lipophilic solubilization solution
for about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 48 hours, 72 hours, or

greater than 72 hours.

[0083] Process 200 further enzymatically degrades (207) biomolecules in
bioprosthetic tissue, especially polymeric biomolecules. Enzymatic breakdown of larger
biomolecules results in these molecules to be reduced to smaller components to enhance
their release from bioprosthetic tissue, which in turn can be removed by rinsing,
washing, perfusion and/or other appropriate method to remove biomolecule components.
In many instances, biomolecules to be enzymatically broken down are any larger
biomolecules existing within bioprosthetic tissue that are difficult to remove, including
(but not limited to) nucleic acids including DNA and RNA, protein complexes,
cytoskeletal components including microfilaments, microtubules, and intermediate

filaments, and other macro-sized biomolecules within the tissue. In a variety of
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instances, enzymes utilized to break down biomolecules include (but are not limited to)
nucleases (e.g., RNase A, DNase, Benzonase), lipases (e.g., triacylglycerol lipase and
pancreatic lipase), carbohydrases (e.g., amylase, arabanase, cellulase, glucanase, and
xylanase) and depolymerases (e.g., Cytochalasin A, Cytochalasin B, Cytochalasin C,
Cytochalasin D, Cytochalasin E, Cytochalasin F, Cytochalasin G, Cytochalasin H,
Cytochalasin I, Cytochalasin J, Swinholide A, Scytophycin A, Scytophycin B,
Scytophycin E, Mycalolide A, Mycalolide B, and Mycalolide C).

[0084] In many instances, enzymatic breakdown of lipophilic biomolecules is
performed in an aqueous solution suitable for the enzymatic activity. In some instances,
an aqueous solution is buffered to maintain a pH above 8.0 and below about 8.5, and in
some instances a pH between about 6.5 and 7.5, which may confer a benefit to stabilize
the aqueous environment and the bioprosthetic tissue. Any appropriate buffer salt may
be utilized, including (but not limited to) phosphate buffered solution (PBS), potassium
chloride (KCL), monobasic potassium phosphate (KH2POy), dibasic potassium phosphate
(K2HPO4), sodium chloride (NaCl) including isotonic saline, potassium bromide (KBr),
sodium bromide (NaBr), calcium chloride (CaClz), HEPES, MES, MOPS, HEPPs,
HEPBS, and Tris-HCI. Enzymatic breakdown of biomolecules can be performed in any
appropriate temperature to confer appropriate activity including (but not limited to)
room temperature (~25 °C) and body temperature (~37 °C). The duration of enzymatic
breakdown can be performed to the needs of the application, depending on the reagents
utilized, temperature, and desired results. In some instances, bioprosthetic tissue is
treated with an enzyme for about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours,

48 hours, 72 hours, or greater than 72 hours.

[0085] While specific examples of antigen removal of bioprosthetic tissue are
described above, one of ordinary skill in the art can appreciate that various steps of the
process can be performed in different orders and that certain steps may be optional
according to some aspects of the disclosure. For example, the order of hydrophilic
solubilization, lipophilic solubilization, and enzymatic break down can each occur in any
particular order and/or be removed and/or combined. In some instances, hydrophilic
solubilization and lipophilic solubilization are performed concurrently. As such, it should
be clear that the various steps of the process could be used as appropriate to the
requirements of specific applications. Furthermore, any of a variety of processes

forantigen removal and decellularization of bioprosthetic tissue appropriate to the
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requirements of a given application can be utilized in accordance with various aspects of

the description.

Methods to Assemble and Prepare Medical Devices

[0086]  Several aspects of the description are directed to methods of utilizing antigen
removed and decellularized and/or fixed bioprosthetic tissue to be incorporated within
medical devices. In many instances, a medical device is any prosthetic device for the
purpose of implanting into a recipient. Recipients include (but are not limited to)
patients, animal models, cadavers, or anthropomorphic phantoms. In a number of
instances, a medical device 1s a tissue patch, a medical vessel, a conduit, a closure
device, or a prosthetic heart valve including (but not limited to) aortic, mitral, tricuspid
and pulmonary prosthetic valves. A number of treatments can be performed on
bioprosthetic tissue to prepare it for clinical or preclinical use, including (but not limited
to) antigen removal and decellularization, tissue fixation, tissue stabilization, bioburden
reduction, cutting and shaping of tissue, assembly into a medical device, preservation,

sterilization, and any set of combinations thereof.

[0087] Provided in Fig. 3 is an exemplary process of a method to assemble a medical
device utilizing antigen-removed and decellularized bioprosthetic tissue and prepare the
device for clinical or preclinical use. Process 300 begins with obtaining 301 antigen
removed and decellularized bioprosthetic tissue. Bioprosthetic tissue can be derived
from any appropriate animal source, including (but not limited to) bovine, porcine,
ovine, avian, and human donor. In many instances, bioprosthetic tissue is from a
nonautologous (e.g., non-self) source, but an autologous (e.g., self) source can be utilized

in accordance with some aspects of the description.

[0088] In some instances, a tissue is processed to remove undesirable tissue after
retrieval from a source and prior to antigen removal and decellularization. For example,
adipose, venous, cartilaginous, and/or any other undesirable tissue may be removed. In

some instances, a stabilizing or depolymerization agent is utilized.

[0089] In a variety of instances, antigenic biomolecules are removed, including but
not limited to antigenic proteins, antigenic lipids, antigenic metabolites, and antigenic
nucleic acids. A number of means can be utilized to remove antigenic biomolecules,
including (but not limited to) treating with detergents, treating with reducing agents,
treating with enzymes that hydrolyze or break down biomolecules (e.g., nucleases,
lipases, carbohydrases, depolymerases). In some instances, antigenic biomolecules are

removed as described in Fig. 2.
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[0090] Process 300 also prepares 303 antigen removed and decellularized
bioprosthetic tissue for clinical or preclinical use. A number of treatments can be
performed, including (but not limited to) tissue fixation, tissue stabilization, bioburden
reduction, cutting and shaping of tissue, preservation, sterilization, and any set of
combinations thereof. It is noted that many, if not all treatments can be performed prior

to, subsequent of, or both prior to and subsequent of antigen removal.

[0091] In a number of instances, bioprosthetic tissue is fixed and/or crosslinked. In a
variety of instances, tissue is fixed by perfusion, immersion, freezing, drying, or a
combination thereof. A number fixative reagents can be utilized, including (but not
limited to) crosslinking reagents and precipitating reagents. In several instances,
bioprosthetic tissue is fresh (e.g., has not been fixed). In some instances, bioprosthetic

tissue is enzymatically crosslinked.

[0092] In many instances, crosslinking fixation is performed in a suitable aqueous
solution. In several instances, a crosslinking reagent is utilized in an active
concentration of between about 0.1% and 1.5% (w/v), as dependent on the reagent. For
example, glutaraldehyde can be used at about a concentration of 0.5% to 1.5%; genipin
can be used at about a concentration of 0.1% to 1.0%; and EDC can be used at about

1 mmol/g of tissue to 10 mmol/g of tissue. In some instances, an amine crosslinking
reagent is utilized, such as (for example) formaldehyde, glutaraldehyde,
paraformaldehyde, formalin or genipin. In some instances, a carboxy crosslinking
reagent is utilized, such as (for example) EDC, which may reduce calcification of free
carboxy groups. In some instances, an amine and a carboxy crosslinking are each
utilized, which can be utilized concurrently or in tandem. In some instances, an aqueous
solution is buffered to maintain a pH below about 8.5, and in some instances a pH
between about 7 and 8, which may confer a benefit to stabilize the aqueous environment
and the bioprosthetic tissue. Any appropriate buffer salt may be utilized, including (but
not limited to) phosphate buffered solution (PBS), potassium chloride (KCL), monobasic
potassium phosphate (KHzPO4), dibasic potassium phosphate (K2HPO4), sodium chloride
(NaCl) including isotonic saline, potassium bromide (KBr), sodium bromide (NaBr),
calcium chloride (CaClz), HEPES, MES, MOPS, HEPPs, HEPBS, and Tris-HCI.
Crosslinking fixation can be performed in any appropriate temperature to confer
appropriate activity including (but not limited to) room temperature (~25 °C) and body
temperature (~37 °C). The duration of treatment can be performed to the needs of the

application, depending on the reagents utilized, temperature, and desired results. In
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some instances, bioprosthetic tissue is treated for about: 48 hours, 96 hours, 168 hours,

336 hours, 504 hours, or greater than 504 hours.

[0093] In many instances, enzymatic crosslinking is performed in a suitable aqueous
solution, which can increase biocompatibility of the tissue. Enzymatic crosslinkers
include transglutaminases (e.g., factor XIIT) and oxidoreductases (e.g., tyrosinases,
laccases with peroxidases, and lysyl oxidases with amine oxidases). In some instances,
an aqueous solution is buffered to maintain a pH below about 8.5, and in some instances
a pH between about 6.5 and 7.5, which may confer a benefit to stabilize the aqueous
environment and the bioprosthetic tissue. Any appropriate buffer salt may be utilized,
including (but not limited to) phosphate buffered solution (PBS), potassium chloride
(KCL), monobasic potassium phosphate (KH2PO4), dibasic potassium phosphate
(K2HPO4), sodium chloride (NaCl) including isotonic saline, potassium bromide (KBr),
sodium bromide (NaBr), calcium chloride (CaClg), HEPES, MES, MOPS, HEPPs,
HEPBS, and Tris-HCI. Enzymatic crosslinking of biomolecules can be performed in any
appropriate temperature to confer appropriate activity including (but not limited to)
room temperature (~25 °C) and body temperature (~37 °C). The duration of enzymatic
crosslinking can be performed to the needs of the application, depending on the reagents
utilized, temperature, and desired results. In some instances, bioprosthetic tissue is
treated with an enzyme for about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours,

48 hours, 72 hours, or greater than 72 hours.

[0094] In some instances, a bioburden reduction treatment is performed on
bioprosthetic tissue. Bioburden reduction is a treatment to remove, eliminate, or
mitigate the load of microorganisms that may exist within, on, or surrounding
bioprosthetic tissue. Bioburden reduction can be performed by a number of means,
including (but not limited to) treating with cytotoxic reagents (e.g., ethanol and sodium
hypochlorite), antimicrobial agents (e.g., antibiotics, fungicide, antiviral agents), heat,
pressure, radiation (e.g., UV irradiation), detergents (e.g., sodium dodecyl sulfate, tween
20), crosslinking agents (e.g., formaldehyde, glutaraldehyde, and/or EDC), and

combinations thereof.

[0095] In many instances, bioburden reduction is performed in a suitable aqueous
solution. In some instances, an aqueous solution is buffered to maintain a pH below
about 8.5, and in some instances a pH between about 6.5 and 7.5, which may confer a
benefit to stabilize the aqueous environment and the bioprosthetic tissue. Any

appropriate buffer salt may be utilized, including (but not limited to) phosphate buffered
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solution (PBS), potassium chloride (KCL), monobasic potassium phosphate (KHzPOy),
dibasic potassium phosphate (KeHPO4), sodium chloride (NaCl) including isotonic saline,
potassium bromide (KBr), sodium bromide (NaBr), calcium chloride (CaClz), HEPES,
MES, MOPS, HEPPs, HEPBS, and Tris-HCI. Bioburden reduction can be performed in
any appropriate temperature to confer appropriate activity including (but not limited to)
room temperature (~25 °C) and body temperature (~37°C). The duration of treatment
can be performed to the needs of the application, depending on the reagents utilized,
temperature, and desired results. In some instances, bioprosthetic tissue is treated for
about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 48 hours, 72 hours, or

greater than 72 hours.

[0096] In some instances, a crosslinking stabilization is performed on crosslinked
bioprosthetic tissue. Crosslinking stabilization is a treatment to further stabilize a
fixation process performed on a bioprosthetic tissue. Crosslinking stabilization can be
performed by a number of means, including (but not limited to) treating with heat for
extended periods of time. In some instances utilizing heat treatment, bioprosthetic
tissue is kept in the presence of the crosslinking agent (e.g., formaldehyde,
glutaraldehyde, and/or EDC) at a concentration between about 0.5% and 1.5% (w/v). In
some instances utilizing heat treatment, the crosslinking agent (e.g., formaldehyde,

glutaraldehyde, and/or EDC) is not utilized.

[0097] In many instances, crosslinking stability is performed in a suitable aqueous
solution. In some instances, an aqueous solution is buffered to maintain a pH below
about 8.5, and in some instances a pH between about 5.5 and 6.5, which may confer a
benefit to stabilize the aqueous environment and the bioprosthetic tissue. Any
appropriate buffer salt may be utilized, including (but not limited to) phosphate buffered
solution (PBS), potassium chloride (KCL), monobasic potassium phosphate (KHzPOy),
dibasic potassium phosphate (KeHPO4), sodium chloride (NaCl) including isotonic saline,
potassium bromide (KBr), sodium bromide (NaBr), calcium chloride (CaClz), HEPES,
MES, MOPS, HEPPs, HEPBS, and Tris-HCI. Stabilization of crosslinking can be
performed in any appropriate temperature to confer appropriate stabilization including
(but not limited to) ~40 °C, ~50 °C, ~60 °C, or ~70 °C. It is important that the increased
temperature is not too high such that the tissue is damaged. The duration of
stabilization can be performed to the needs of the application, depending on the reagents

utilized, temperature, and desired results. In some instances, bioprosthetic tissue is
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treated with an enzyme for about: 24 hours, 48 hours, 72 hours, 96 hours, 120 hours,

144, 168 hours, or greater than 168 hours.

[0098] In some instances, an aldehyde capping treatment is performed on
bioprosthetic tissue that has been fixed with an aldehyde. Aldehyde capping is a
treatment to reduce the amount of free aldehydes within a crosslinked bioprosthetic
tissue such that calcification is mitigated when transplanted into a receiving patient.
Aldehyde capping can be performed by a number of means, including (but not limited to)
treating with reducing agents or amine molecules. For more on aldehyde capping, see
U.S. Patent No. 7,972,376 by Dove et al., U.S. Patent No. 8,748,490 by Dove et al., U.S.
Patent No. 9,029,418 by Dove et al., and U.S. Patent No. 9,320,830 by Dove et al., the

disclosures of which are each incorporated herein by reference for all purposes.

[0099] In some instances, a carboxy capping treatment is performed on bioprosthetic
tissue. Carboxy capping is a treatment to reduce the amount of free carboxyl groups
within a bioprosthetic tissue such that calcification is mitigated when transplanted into
a receiving patient. Capping of carboxyl groups can be performed by a number of means,
including (but not limited to) treating with EDC. For more on carboxy capping, see U.S.
Patent No. 9,878,068 by Davidson et al., the disclosure of which is incorporated herein

by reference for all purposes.

[0100] In many instances, aldehyde and/or carboxy capping is performed in a
suitable aqueous solution. In some instances, an aqueous solution is buffered to
maintain a pH below about 8.5, and in some instances a pH between about 6.5 and 7.5,
which may confer a benefit to stabilize the aqueous environment and the bioprosthetic
tissue. Any appropriate buffer salt may be utilized, including (but not limited to)
phosphate buffered solution (PBS), potassium chloride (KCL), monobasic potassium
phosphate (KH2PO4), dibasic potassium phosphate (K:HPO4), sodium chloride (NaCl)
including isotonic saline, potassium bromide (KBr), sodium bromide (NaBr), calcium
chloride (CaClz), HEPES, MES, MOPS, HEPPs, HEPBS, and Tris-HCI. Aldehyde and/or
carboxy capping can be performed in any appropriate temperature to confer appropriate
activity including (but not limited to) ~4 °C, room temperature (~25 °C), and ~30 °C. The
duration of treatment can be performed to the needs of the application, depending on the
reagents utilized, temperature, and desired results. In some instances, bioprosthetic
tissue is treated for about: 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 48

hours, 72 hours, or greater than 72 hours.
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[0101] In some instances, a sterilization treatment is performed on bioprosthetic
tissue. Sterilization can be performed by a number of methods, including (but not
limited to) gamma irradiation, gas plasma, aldehydes, ethylene oxide, e-beam, and/or

computerized tomography (CT) scan.

[0102] In some instances, prosthetic tissue is prepared for storage, which may help
with long-term preservation. Storage can be dry storage or wet storage. Wet storage
methods include storing the tissue within a solution, such as (for example) a fixation
buffer (e.g., glutaraldehyde buffer) or propylene oxide in water. Dry storage methods
include treating a tissue with a solution inclusive of a biocompatible molecule for a
period of time, which can allow the components of the solution to equilibrate within the
tissue. The tissue is then stored free of liquids, except for the components of the aqueous
solution equilibrated therein. Biocompatible molecules to be included within a solution
for dry storage include (but are not limited to) glycerol, propylene glycol, polyethylene
glycol, and saccharides. Solvents for dry storage include (but are not limited) aqueous
based solvents, alcohol based solvents, any other biocompatible solvent, and any solvent
mixture thereof. For more description of dry storage methods, see U.S. Patent No.
6,534,004 by Chen et al., U.S. Patent No. 8,007,992 by Tian et al., and U.S. Patent No.
10,383,978 by Dong et al., the disclosures of which are each incorporated herein by

reference for all purposes.

[0103] In many instances, glycerolization for dry storage is performed in a suitable
solution. In some instances, a solution includes a percentage of glycerol. In some
instances, a solution includes a percentage of glycerol and a Ci-Cz alcohol. In some
instances, the percentage of glycerol is about: 50%, 60%, 70%, 80%, 90%, or 100%. In
some instances, the percentage of C1—Cs alcohol is about: 0%, 10%, 20%, 30%, 40%, or
50% C1—Cs alcohols include methanol, ethanol, 1-propanol, 2-propanol, and mixtures
thereof. Glycerolization can be performed in any appropriate temperature to confer
appropriate activity including (but not limited to) room temperature (~25 °C) and body
temperature (=37 °C). The duration of treatment can be performed to the needs of the
application, depending on the reagents utilized, temperature, and desired results. In
some instances, bioprosthetic tissue is glycerolized for about: 1 hour, 2 hours, 4 hours, 8

hours, 12 hours, 24 hours, 48 hours, 72 hours, or greater than 72 hours.

[0104] In some instances, bioprosthetic tissue is cut, folded, and/or formed into the
desired shape. Any appropriate means to cut or shape bioprosthetic tissue can be

utilized, including (but not limited to) die cutting and laser cutting.
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[0105] It is to be understood that various processes to prepare antigen removed
bioprosthetic tissue can be performed in any appropriate order. Furthermore, in some
instances, various processes are not utilized, or are utilized more than once. For
example, a rough cut of bioprosthetic tissue may be performed early in a preparation
process and then further cut to a more precise shape prior to assembly within a medical

device.

[0106] Returning to Fig. 3, Process 300 further assembles 305 bioprosthetic tissue
into a medical device. In a number of instances, a medical device is a prosthetic heart
valve including (but not limited to) aortic, mitral, tricuspid and pulmonary prosthetic
valves. In various instances, bioprosthetic tissue is utilized to form vascular patches,

tissue patches, conduits, pericardial patches and/or leaflets of the valve.

[0107] In several instances, after assembly of a medical device, the device
incorporating can be prepared for clinical or preclinical application, which may include
tissue stabilization, bioburden reduction, cutting and shaping of tissue, assembly into a
medical device, preservation, sterilization, and any set of combinations thereof.
Accordingly, a variety of the processes described in regard to step 303 can be performed

prior to, subsequent of, or both prior to and subsequent of medical device assembly.

Doctrine of equivalents

[0108] While the above description contains many specific aspects of the disclosure,
these should not be construed as limitations on the scope of the disclosure, but rather as
various examples of one aspect thereof. Accordingly, the scope of the disclosure should
be determined not by the aspects illustrated, but by the appended claims and their

equivalents.

[0109] It is specifically noted that several processes described herein can vary, as
would be understood by those skilled in the art. For instance, equivalent (or near-
equivalent) processes, reagents, concentrations, temperatures, buffer salt solutions,
solution pH, and treatment durations that yield a similar result, as would be anticipated

by those skilled in the art, are to be covered in various aspects of the disclosure.

[0110]  Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that
this manner of description encompasses rearrangement, unless a particular ordering is
required by specific language set forth below. For example, operations described
sequentially may in some cases be rearranged or performed concurrently. Moreover, for

the sake of simplicity, the attached figures may not show the various ways in which the



WO 2021/118964 PCT/US2020/063728
- 99—

disclosed methods can be used in conjunction with other methods and various systems

and apparatuses.



