74373 A2 | IV 0D 0 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 July 2006 (13.07.2006)

lﬂb A 00 00O

(10) International Publication Number

WO 2006/074373 A2

(51) International Patent Classification:
AGIF 2/08 (2006.01)

(21) International Application Number:
PCT/US2006/000468

(22) International Filing Date: 6 January 2006 (06.01.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/641,862 6 January 2005 (06.01.2005) US
(71) Applicant (for all designated States except US): CROSS-
CART, INC. [US/US]; 3727 Buchanan Street, San Fran-

cisco, California 94123 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): STONE, Kevin, R.
[US/US]; 1 Throckmorton Lane, Mill Valley, California
94941 (US).

(74) Agents: LAPPIN, Mark, G. et al.; Greenberg Traurig,
LLP, One International Place, Boston, Massachusetts
02110 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: IMMUNOCHEMICALLY MODIFIED AND STERILIZED XENOGRAFTS AND ALLOGRAFTS

& (57) Abstract: The invention provides an article of manufacture comprising a substantially non- immunogenic xenograft for im-
\¢ Pplantation into humans. The xenograft is a body part dissected from a transgenic 1,3-a-galactosy transferase gene-deficient animal,
& wherein the cells of the body part are dead. The invention also provides methods for preparing a xenograft by removing a body
& part from a transgenic animal, which is 1,3-0-galactosyltransferase gene- deficient, to provide a xenograft; optionally washing the
xenograft in saline and alcohol; subjecting the xenograft to a cellular disruption treatment; optionally treating the xenograft with
O crosslinking agents, and optionally treating the xenograft with a proteoglycan-depleting factor. The invention further provides a
method for sterilizing xenograft material, having the steps of obtaining substantially non-immunogenic xenograft material; treating
the xenograft material with at least one crosslinking agent; and subjecting the crosslinked xenograft material to a radiation treatment.

=



WO 2006/074373 PCT/US2006/000468

IMMUNOCHEMICALLY MODIFIED AND STERILIZED
XENOGRAFTS AND ALLOGRAFTS

This application claims priority to U.S. Provisional Application No. 60/641,862, filed
on January 6, 2005.

FIELD OF THE INVENTION
[0001] The present invention relates to the field of treatment of defective human tissue, and
in particular, to repilacement and repair of defective or damaged human tissue using a

substantially immunologically compatible xenograft material from a non-human animal.

BACKGROUND OF THE INVENTION

[0002] Xenotransplantation is a procedure that involves the transplantation, implantation, or

infusion into a human recipient of either (a) live cells, tissues, or organs from a nonhuman
animal source or (b.) human body fluids, cells, tissues or organs that have had ex vivo contact
with live nonhuman animal cells, tissues, or organs. Tissue for allograft transplantation is
commonly cryopreserved to optimize cell viability during storage, as disclosed, for example,
in U.S. Pat. Nos. 5,071,741; 5,131,850; 5,160,313 and No. 5,171,660.

[0003] Once implanted in an individual, a xenograft can provoke immunogenic reactions
such as chronic and hyperacute rejection of the xenograft. For example, o-1,3-galactose
epitopes are a common carbohydrate structure on the cell surface of almost all mammals with
the exception of humans, apes, and Old World monkeys. Phelps, et al., "Production of a~1,3-
galactosytransferase Deficient Pigs” Science, Vol. 299, page 411-414, January 17, 2003.
Synthesis of the a-gal epitopes is catalyzed by the enzyme a-1,3-galactosytransferase.
Humans do not have a functional copy of the a.-1,3-galactosytransferase gene, and hence do
not show ci-gal surface expression. The presence of the ai-gal antigen on the surface of the
xenograft cells is the major cause of hyperacute rejection in xenotransplantation. Xenograft

materials may be chemically treated to reduce immunogenicity prior to implantation into a



WO 2006/074373 PCT/US2006/000468

recipient, for example, digesting the xenograft with a glycosidase to substantially remove the
surface carbohydrate moieties. Howevér, there remains a need in the xenotransplantation art
for a substantially non-immunogenic xenograft material and a method for producing such

material.

SUMMARY OF THE INVENTION

[0004] The invention provides a method of preparing a xenograft for implantation into a
human. The xenograft preferably is a “body part” from a 1,3-a.-galactosyltransferase gene-
deficient transgenic animal. The body part from the transgenic animal can be any one of
orthopedic tissue, (such as but not limited to, tendons, ligaments, cartilage and facia latta ),
bone, heart valves, and pericardium, peritoneum, submucosal and dermal tissue, that is
adapted for transplantation into a human. The body part can be a heart valve or
cardiovascular tissue, or parts thereof, or can be a blood vessel or a part thereof, The method
includes removing the body part to be transplanted from the transgenic animal to provide the
xenograft, wherein the transgenic animal is 1,3-a-galactosyltransferase-deficient, and
subjecting the xenograft to a cellular disruption treatment to kill the cells of the xenograft.
The transgenic animal preferably is a 1,3-o-galactosyltransferase-deficient pig. The cellular
disruption treatment includes but is not limited to, alone or in combination, treatment with
radiation, one or more cycles of freezing and thawing, treatment with a chemical cross-
linking agent, treatment with alcohol or ozonation, and sterilization.

[0005] In addition to or in lieu of these methods, the present invention preferably further
includes a step of treating the xenograft with proteoglycan-depleting factors. Optionally, the
xenograft can be exposed to an aldehyde for further crosslinking. After one or more of the
above-described processing steps, the methods of the invention provide a xenograft having
substantially the same mechanical properties as the corresponding native human tissue.
[0006] In one embodiment, the method of the invention is the additive combination of
chemical and terminal treatments. This embodiment advantageously provides a dose
validation for product irradiation sterilization, applicable to either electron beam irradiation
or gamma irradiation.

[0007] In a particular embodiment, electron beam level is dictated by ANS/AAMI/ISO
11137 sterility assurance limits (10-6) through sub-lethal dose assessment. This yields a
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validated dose, in our case for our process of 17.8 kGy or 1.78 mRads (interchangeable, with
the former terminology used industrially).

[0008] The 17.8 kGy dose is consistent with publications by those skilled in the art of
investigating radiation and graft integrity. Glutaraldehyde cross-linking is used to stabilize
the collagen structure, attenuate immunological recognition of the graft, and is additive in
sterilization effect with respect to viral inactivation. As shown by the supporting
biomechanical data (see, EXAMPLE 3), this embodiment provides a post-processing device
of the invention having advantageous integrity and implantability.

[0009] In another embodiment, the invention provides a method of preparing a xenograft for
implantation into a human, which includes removing a body part from a 1,3-o.-
galactosyltransferase gene-deficient transgenic animal, to provide a xenograft; preferably (but
not necessarily) washing the xenograft in water and alcohol; and subjecting the xenograft to
at least one cellular disruption treatment selected from the group consisting of exposure to
ultraviolet radiation, immersion in alcohol, ozonation, and freeze/thaw cycling, whereby the
xenograft has substantially the same mechanical properties as the corresponding native
human tissue.

[0010] The present invention further provides a xenograft for implantation into a human.
The xenograft is from a 1,3-o-galactosyltransferase gene-deficient transgenic animal. The
xenograft has its cells killed by subjecting to a cellular disruption treatment, which includes
but not limited to, along or in combination, treatment with radiation, one or more cycles of
freezing and thawing, treatment with a chemical cross-linking agent, treatment with alcohol
or ozonation, and sterilization.

[0011] According to a further preferred embodiment, the present invention further provides a
xenograft for implantation into a human. The xenograft is from a transgenic animal, which is
substantially depleted in a-1,3-galactose epitopes, and the cells of the xenograft, prior to
transplantation, are dead.

[0012] Preferably, the xenograft of the invention is from a transgenic pig, but the xenograft
may be a similarly treated tissue from another 1,3-o-galactosyliransferase gene-deficient
animal, such as a transgenic cow or sheep.

[0013] In another embodiment, the invention provides a method of preparing an allograft for

implantation into humans, and an allograft, preferably for transplantation into a human. The
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allograft has its cells killed by subjecting to one or more cellular disruption treatments
selected from the group consisting of (but not necessarily) washing the allograft in water and
alcohol, ultraviolet radiation, ozonation, and freeze/thaw cycling treatment with a chemical
cross-linking agent and sterilization with radiation, whereby the allograft has substantially
the same mechanical properties as corresponding native tissue. This embodiment provides a
post processing device having advantageous integrity, attenuated immunology with optimal
sterility and viral inactivation. Attenuated immunology of allografts is supported by a
combination of cellular disruption, freeze/thaw, chemical cross-linking polyethylene glycol
treatment and irradiation creating a novel device of composition through combined

processing.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Definitions. As used herein, the term "xenograft" is synonymous with the term
"heterograft" and refers to a graft transferred from an animal of one species to one of another
species. Stedman’s Medical Dictionary (Williams & Wilkins, Baltimore, MD, 1995). As used
herein, the term "xenogeneic", refers to tissue transferred from an animal of one species to
one of another species. Id. Replacement of articular cartilage can also be by allografting
(Transplants made from one person or animal to another in the same species ("allogeneic");
Sengupta ez al. (1974) J. Bone Suro. 56B(1):167-177; Rodrigo et al. (1978) Clin Orth.
134:342-349). With respect to soft tissue for xenografts, porcine peritoneum or pericardium
can be harvested to form allografts or xenografts according to procedures known to those of
ordinary skill in the art. See, for example, the peritoneum harvesting procedure discussed in
U.S. Patent No. 4,755,593.

[0015] As used herein, the term "cellular disruption" as in, for example, cellular disruption
treatment, refers to a treatment for killing cells. Xenograft tissues may also be subjected to
various physical treatments in preparation for implantation. For example, U.S. Pat. No.
4,755,593 discloses subjecting xenograft tissue to mechanical strain by stretching to produce
a thinner and stiffer biomaterial for grafting. Tissue for allograft transplantation is commonly
cryopreserved to optimize cell viability during storage, as disclosed, for example, in U.S. Pat.
No. 5,071,741; U.S. Pat. No. 5,131,850; U.S. Pat. No. 5,160,313; and U.S. Pat. No.
5,171,660. U.S. Pat. No. 5,071,741 discloses that freezing tissues causes mechanical injuries

to cells therein because of extracellular or intracellular ice crystal formation and osmotic
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dehydration. The term "extracellular components", as used herein, refers to any extracellular
water, collagen and elastic fibers, proteoglycans, fibronectin, elastin, and other glycoproteins,
such as are present in vertebrate tissue.

[0016] The term “soft tissue”, as used herein, refers to cartilaginous structures, such as
meniscus and articular cartilage; ligaments, such as anterior cruciate ligaments; tendons; and
heart valves. Moreover, the femoral condyles articulate with the surface plateaus of the tibia,
through the cartilaginous medial and lateral menisci soft tissue, and all of these structures are
held in place by various ligaments. The medial and lateral menisci are structures comprised
of cells called fibrochondrocytes and an extracellular matrix of collagen and elastic fibers as
well as a variety of proteoglycans. Undamaged menisci provide shock absorption for the knee
by ensuring proper force distribution, stabilization, and lubrication for the interacting bone
surfaces within the knee joint, which are routinely exposed to repeated compression loading
during normal activity. Much of the shock absorbing function of the medial and lateral
menisci is derived from the elastic properties inherent to cartilage. When menisci are
damaged through injury, disease, or inflammation, arthritic changes occur in the knee joint,
with consequent loss of function.

[0017] As used herein, the term "portion" refers to all or less than all of the respective soft
tissue xenograft material.

[0018] The term "chronic rejection", as used herein, refers to an immunological reaction in an
individual against a xenograft being implanted into the individual. Typically, chronic
rejection is mediated by the interaction of IgG natural antibodies in the serum of the
individual receiving the xenograft and carbohydrate moieties expressed on cells, and/or
cellular matrices and/or extracellular components of the xenograft. For example,
transplantation of xenografts from nonprimate mammals (e.g., porcine or bovine origin) into
humans is primarily prevented by the interaction between the IgG natural anti-Gal antibody
present in the serum of humans with the carbohydrate structure Galo.1-3GalB1-4G1cNAc-R
(o-galactosyl or a-gal epitope) expressed in the xenograft. Stone KR et al., "Porcine and
bovine cartilage transplants in cynomolgus monkey: I. A model for chronic xenograft
rejection.” Transplantation 63: 640-645 (1997); Galili U. et al., "Porcine and bovine cartilage

transplants in cynomolgus monkey: II. Changes in anti-Gal response during chronic
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rejection." Transplantation 63: 646-651 (1997). In chronic rejection, the immune system
typically responds within one to two weeks of implantation of the xenograft.
[0019] In contrast with "chronic rejection", the term "hyperacute rejection™ as used herein,
refers to the immunological reaction in an individual against a xenograft being implanted into
the individual, where the rejection is typically mediated by the interaction of IgM natural
antibodies in the serum of the individual receiving the xenograft and carbohydrate moieties
expressed on cells. This interaction activates the complement system, causing lysis of the
vascular bed and stoppage of blood flow in the receiving individual within minutes to two to
three hours.
[0020] As used herein, the term "surface carbohydrate moiety (moieties)" or “first surface
carbohydrate moiety (moieties)” refers to a terminal a-galactosyl sugar at the non-reducing
end of a carbohydrate chain. As used herein, the term “second surface carbohydrate moiety
(moieties)” refers to a N-acetyllactosamine residue at the non-reducing end of a carbohydrate
chain, the residue being non-capped either naturally or as a result of prior cleavage of an a-
galactosyl epitope.
[0021] The invention is directed against the immunological rejections of xenografts for
implantation into humans. Accordingly, xenografts produced in accordance with the methods
of the invention are substantially non-immunogenic, while generally maintaining the
mechanical properties of a corresponding native human tissue.
[0022] As discussed above, it is known that c-gal epitopes on the surface of the xenograft
cells can cause hyperacute rejection when the xenograft is transplanted into a human.
Treatment of the xenograft with glycosidases, and specifically galactosidases, such as o.-
galactosidase, can eliminate the antigenic surface ai-gal epitopes. In particular, o-gal
epitopes are eliminated by enzymatic treatment with a-galactosidases, as shown in the
following reaction:

o-galactosidase
Gal a1-3GalB1-4GIcNAC-R  —=mmmmemmmmamaaees > GalB1-4GlcNAc-R + Gal
o-gal epitope N-acetyllactosamine ‘
[0023] The N-acetyllactosamine residues are epitopes that are normally expressed on human
and mammalian cells and thus are not immunogenic. The i vitro digestion of the xenograft

with glycosidases is accomplished by various methods. For example, the xenograft can be
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soaked or incubated in a buffer solution containing glycosidase. In addition, the xenograft can
be pierced to increase permeability, as further described below. Alternatively, a buffer
solution containing the glycosidase can be forced under pressure into the xenograft via a
pulsatile lavage process.

[0024] Elimination of the a-gal epitopes from the xenograft diminishes the immune response
against the xenograft. The a.-gal epitope is expressed in nonprimate mammals and in New
World monkeys (monkeys of South America) as 1x10°%-35x10° epitopes per cell, as well as on
macromolecules such as proteoglycans of the extracellular components. Galili U. et al.,
"Man, apes, and Old World monkeys differ from other mammals in the expression of o.-
galactosyl epitopes on nucleated cells." J. Biol. Chem. 263: 17755 (1988). This epitope is
absent in Old World primates (monkeys of Asia and Africa and apes) and humans, however.
Id. Anti-Gal is produced in humans and primates as a result of an immune response to o.-gal
epitope carbohydrate structures on gastrointestinal bacteria. Galili U. et al., "Interaction
between human natural anti-a-galactosyl immunoglobulin G and bacteria of the human
flora." Infect. Immun. 56: 1730 (1988); Hamadeh R.M. e al., "Human natural anti-Gal IgG
regulates alternative complement pathway activation on bacterial surfaces" J. Clin. Invest. 89:
1223 (1992). Since nonprimate mammals produce a-gal epitopes, xenotransplantation of
xenografts from these mammals into primates results in rejection because of primate anti-Gal
binding to these epitopes on the xenograft. The binding results in the destruction of the
xenograft by complement fixation and by antibody dependent cell cytotoxicity. Galili U et
al., "Interaction of the natural anti-Gal antibody with a-galactosyl epitopes: A major obstacle
for xenotransplantation in humans." Immunology Today 14: 480 (1993); Sandrin M et al.,
"Anti-pig IgM antibodies in human serum react predominantly with Gala1-3Gal epitopes."
Proc. Natl. Acad. Sci. US4 90: 11391 (1993); Good H et al., "Identification of carbohydrate
structures which bind human anti-porcine antibodies: implications for discordant grafting in
man." Transplant. Proc. 24: 559 (1992); Collins BH et al., "Cardiac xenografts between
primate species provide evidence for the importance of the ai-galactosyl determinant in
hyperacute rejection.” J. Immunol. 154: 5500 (1995). Furthermore, xenotransplantation
results in major activation of the immune system to produce increased amounts of high
affinity anti-Gal. The substantial elimination of a-gal epitopes from cells and from

extracellular components of the xenograft, and the prevention of reexpression of cellular o-
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gal epitopes can diminish the immune response against the xenograft associated with anti-Gal
antibody binding with a-gal epitopes.

[0025] According to the present invention, an alternative strategy toward successful
xenotransplantation is to use base tissue for a xenograft that is taken from a transgenic animal
that has no ai-gal epitope. Transgenic pigs have been produced with the specific gene that
leads to the human immune system rejecting porcine tissue inactivated. The inactivated (or
knocked out) gene is 1,3-o-galactosyltransferase, which is responsible for o-gal epitopes. By
using tissue from o-galactosyltransferase gene-deficient transgenic pigs, the prior art step (in
the production of xenograft) of digestion of the xenograft with glycosidases to remove
surface carbohydrate moieties from the xenograft, can be omitted from the xenograft
preparation process. 1,3-o-galactosyltransferase gene-deficient pigs have been produced by
genetic engineering. Lai, ef al., “Production of a-1,3-Galactosyltransferase Knockout Pigs
by Nuclear Transfer Cloning”, Science, Vol. 295, page 1089-1092, February 8, 2002.

Phelps, et al., "Production of a-1,3-galactosytransferase Deficient Pigs™ Science, Vol. 299,
page 411-414, January 17, 2003.

[0026] Accordingly, the present invention is directed to a method for preparing or processing
a body part from a non-human animal for xenografts and to such xenografts. The body part is
preferably harvested from transgenic or genetically altered non-human animals, for example,
transgenic 1,3-a-galactosyltransferase gene-deficient pigs. The method for preparing or
processing a xenograft for implantation into humans using transgenic animals as donors
according to the present invention can be used for tissue xenografts, such as soft tissue
xenografts, bone xenografts, heart valve xenografts, and other tissue xenografts. The body
parts may be orthopedic tissue (such as, but not limited to, tendons, ligaments, and cartilage),
bone, heart valves, and pericardium, peritoneum, submucosal and dermal tissues. Patents
related to tissue xenografts include U.S. Patent No. 6,758,865, titled SOFT TISSUE
XENOGRAFTS, to Stone et al., U.S. Patent No. 6,383,732, titled METHOD OF
PREPARING XENOGRAFT HEART VALVES, to Stone et al., and U.S. Patent Application
Publication No. 2004/0098135, titled BONE XENOGRAFTS, invented by Stone et al., all of

which are incorporated herein by reference.
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[0027] While the xenograft may undergo some shrinkage during processing, a xenograft
prepared in accordance with the invention will have the general appearance of a
corresponding native human tissue. )

[0028] In the first step of the method of the invention, an intact body part (such as soft tissue
or bone) is removed from the transgenic non-human animal. In accordance with the
invention, the body part is collected from freshly killed animals and preferably immediately
placed in a suitable sterile isotonic or other body part preserving solution. Preferably,
harvesting occurs as soon as possible after slaughter of the animal and preferably is
performed in the cold, i.e., in the approximate range of about 5°C to about 20°C, to minimize
enzymatic degradation of the tissue, under strict sterile technique.

[0029] The harvested body part is dissected free of adjoining tissue. Once removed,
optionally, the body part are supported with stents, rings and the like. The body part is
carefully identified and dissected free of adhering tissue, plaques, calcifications and the like,
thereby forming the xenograft.

[0030] In one form of the invention, porcine peritoneum or pericardium is harvested to form
xenografts according to procedures known to those of ordinary skill in the art. See, for
example, the peritoneum harvesting procedure discussed in U.S. Pat. No. 4,755,593.

[0031] In a preferred form of the invention, the xenograft is then washed in about ten
volumes of sterile cold water to remove residual blood proteins and water soluble materials.
The xenograft is then immersed in alcohol at room temperature for about five minutes, to
sterilize the tissue and to remove non-collagenous materials. After alcohol immersion, the
xenograft may be directly implanted or may be subjected to at least one of the following
treatments: radiation treatment, treatment with alcohol, ozonation, one or more cycles of
freezing and thawing, and/or treatment with a chemical cross-linking agent. When more than
one of these treatments is applied to the xenograft, the treatments may occur in any order.
[0032] In one embodiment of the method of the invention, the xenograft is treated by
exposure to ultraviolet radiation for about fifteen minutes or gamma radiation in an amount of
about .5 to 3 MegaRad.

[0033] In another embodiment, the xenograft is treated by again being placed in an alcohol
solution. Any alcohol solution may be used to perform this treatment. Preferably, the

xenograft is placed in a 70% solution of isopropanol at room temperature.
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[0034] In still another embodiment, the xenograft is subjected to ozonation.

[0035] In a further embodiment of the method of the invention, the xenogratt is treated by
freeze/thaw cycling. For example, the xenograft may be frozen using any method of freezing,
so long as the xenograft is completely frozen, i.e., no interior warm spots remain which
contain unfrozen tissue. Preferably, the xenograft is dipped into liquid nitrogen for about five
minutes to perform this step of the method. More preferably, the xenogratft is frozen slowly
by placing it in a freezer. In the next step of the freeze/thaw cycling treatment, the xenograft
is thawed by immersion in an isotonic saline bath at room temperature (about 25°C) for about
ten minutes. No external heat or radiation source is used, in order to minimize fiber
degradation.

[0036] In yet a further embodiment, the xenograft optionally is exposed to a chemical agent
to tan or crosslink the proteins within the extracellular components, to further diminish or
reduce the immunogenic determinants present in the xenograft. Any tanning or crosslinking
agent may be used for this treatment, and more than one crosslinking step may be performed
or more than one crosslinking agent may be used in order to ensure complete crosslinking
and thus optimally reduce the immunogenicity of the xenograft. For example, aldehydes such
as glutaraldehyde, formaldehyde, adipic dialdehyde, and the like, may be used to crosslink
the extracellular collagen of the xenograft in accordance with the method of the invention.
Other suitable crosslinking agents include aliphatic and aromatic diamines, carbodiimides,
diisocyanates, and the like.

[0037] When an aldehyde such as, for example, glutaraldehyde is used as the crosslinking
agent, the xenograft may be placed in a buffered solution containing about 0.001% to about
5.0% glutaraldehyde and preferably, about 0.01 % to about 5.0% glutaraldehyde, and having
a pH of about 7.4. More preferably about (0.01% to about 1.0%) aldehyde, and most
preferably about (0.01% to about 0.20%) aldehyde is used. Any suitable buffer may be used,
such as phosphate buffered saline or trishydroxymethylaminomethane, and the like, so long
as it is possible to maintain control over the pH of the solution for the duration of the
crosslinking reaction, which may be from one to fourteen days, and preferably from one to
five days, and most preferably from three to five days.

[0038] Alternatively, the xenograft can be exposed to a crosslinking agent in a vapor form,

including, but not limited to, a vaporized aldehyde crosslinking agent, such as, for example,

10



WO 2006/074373 PCT/US2006/000468

vaporized formaldehyde. The vaporized crosslinking agent can have a concentration and a pH
and the xenograft can be exposed to the vaporized crosslinking agent for a period of time
suitable to permit the crosslinking reaction to occur. For example, the xenograft can be
exposed to vaporized crosslinking agent having a concentration of about 0.001% to about
5.0% and preferably, about 0.01% to about 5.0%, and a pH of about 7.4. More preferably, the
xenograft is exposed to the aldehyde in an amount ranging from about 0.01% to about 0.10%,
and most preferably to an aldehyde ranging in an amount from about 0.01% to about 0.05%.
The xenograft is exposed to the aldehyde for a period of time, which can be from one to
fourteen days, and preferably from one to five days, and most preferably from three to five
days. Exposure to vaporized crosslinking agent can result in reduced residual chemicals in the
xenograft from the crosslinking agent exposure.

[0039] The crosslinking reaction continues until the immunogenic determinants are
substantially eliminated from the xenogeneic tissue, but the reaction is terminated prior to
significant alterations of the mechanical properties of the xenograft. When diamines are also
used as crosslinking agents, the glutaraldehyde crosslinking occurs after the diamine
crosslinking, so that any unreacted diamines are capped. After the crosslinking reactions have
proceeded to completion as described above, the xenograft is rinsed to remove residual
chemicals, and (0.01-0.50 M) glycine, and preferably, (0.01-0.20 M) glycine is added to cap
any unreacted aldehyde groups which remain.

[0040] According to one preferred form of the present invention, the xenograft is further
subjected to a cellular disruption treatment to kill the cells of the xenograft tissue. The
freeze/thaw cycling as discussed above can disrupt, i.e., kill the cells of the xenograft tissue.
Alternatively, the xenograft of the invention is treated with gamma radiation having an
amount of .2 MegaRad up to about 3 MegaRad. Such radiation kills the cells and sterilizes
the xenograft. Once killed, the cells are no longer able to reexpress antigenic substances that
are capable of stimulating an immune response of the recipient.

[0041] In addition, the xenografts of the invention may be treated with polyethylene glycol
(PEG) to reduce immunogenicity of the xenograft.

[0042] Either before or after the xenograft cells are killed, in embodiments of the invention,
the xenograft may be washed or digested with one or more different types of proteoglycan-
depleting factors. Proteoglycans such as glycosaminoglycans (GAGs) are interspersed either

uniformly as individual molecules or within varying amounts within the extracellular
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components of the invention’s xenograft. The GAGs include mucopolysaccharide molecules
such as chondroitin 4-sulfate, chondroitin 6-sulfate, keratan sulfate, dermatan sulfate, heparin
sulfate, hyaluronic acid, and mixtures thereof. The proteoglycans including such GAGs
contain attached carbohydrates , which may stimulate an immune response once the
xenograft is transplanted, as discussed above. Washing or digesting the xenograft with the
proteoglycan-depleting factor removes at least a portion of the proteoglycans from the
extracellular components of the xenograft, and thereby diminishes the immune response
against the xenograft upon its transplantation. After the proteoglycan-depleting factor
treatment and subsequent transplantation, natural tissue repopulates the remaining collagen
shell.

[0043] Non-limiting examples of the proteoglycan-depleting factors used in the invention
include proteoglycan-depleting factors such as chondroitinase ABC, hyaluronidase,
chondroitin AC II lyase, keratanase, trypsin, fibrinectin and fragments of fibronectin.

[0044] Other proteoglycan-depleting factors known to those of ordinary skill in the art are
also possible for use with the invention, however. The invention’s xenograft is treated with
proteoglycan-depleting factor in an amount effective for removing at least a portion of the
proteoglycans from the extracellular components of the xenograft. Preferably, the xenograft
is treated with proteoglycan-depleting factor such as hyaluronidase in an amount ranging
from about 1.0 TRU/ml to about 100.0 TRU/ml or proteoglycan-depleting factor such as
chondroitinase ABC in an amount ranging from about 0.01 u/ml to about 2.0 u/ml or most
preferably, in an amount ranging from about 1.0 ul/ml to about 2.0 u/ml. The xenograft can
also be treated with proteoglycan-depleting factor such as fibronectin fragment, (e.g., amino
terminal 29-kDa fibronectin fragment) in an amount ranging from about .01 pM to about 1.0
pM, and preferably in an amount ranging from about 0.1 pM to about 1.0 pM.

[0045] During enzymatic and chemical processing, the head-space of the xenograft process
solutions may be subjected to vacuum, either continuous or pulsed, to remove trapped air in
the xenograft. For example, during enzymatic process incubation, the head-space above
process solutions are exposed to vacuum of about 10 to 1000 millitorr and preferably 50 to
500 millitorr. The resulting influx of solution through the xenograft enhances permeation of
the enzymatic or chemical agents.

[0046] Prior to implantation, the xenograft of the invention may be treated with limited

digestion by proteolytic enzymes such as ficin or trypsin to increase tissue flexibility, or
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coated with anticalcification agents, antithrombotic coatings, antibiotics, growth factors, or
other drugs that may enhance the incorporation of the xenograft into the recipient. The
xenograft of the invention may be further sterilized using known methods, for example, with
additional glutaraldehyde or formaldehyde treatment, ethylene oxide sterilization, propylene
oxide sterilization, or the like. The xenograft may be stored frozen until required for use.
[0047] The xenograft of the invention, or a segment thereof, may be implanted into a human
by those of skill in the art using known surgical techniques, for example, by open-heart
surgery, or minimally invasive techniques such as endoscopic surgery, and transluminal
implantation. Specific instruments for performing such surgical techniques are known to
those of skill in the art, which ensure accurate and reproducible placement of xenograft
tissue.

[0048] Tissue Sterilization: The Food & Drug Administration (FDA) Center for Biologics
Evaluation and Research (CBER) currently regulates human tissue intended for
transplantation that is recovered, processed, stored, or distributed by methods that do not
change tissue function or characteristics and that is not currently regulated as a human drug,
biological product, or medical device. Examples of such tissues are bone, skin, corneas,
ligament and tendon. The FDA (CBER) also regulates xenotransplantation, which is any
procedure that involves the transplantation, implantétion, or infusion into a human recipient
of either (a) live cells, tissues, or organs from a nonhuman animal source or (b.) human body
fluids, cells, tissues or organs that have had ex vivo contact with live nonhuman animal cells,
tissues, or organs. Accordingly, tissue banks are required to have written procedures for
prevention of infectious disease contamination or cross-contamination by tissue ﬁduring
processing.

[0049] Recently, the Minnesota Department of Health (MDH), in collaboration with United
States Centers for Disease Control (CDC), has conducted an investigation of a young man
who had died unexpectedly following knee surgery. CDC, " Public Health Dispatch: Update:
Unexplained Deaths Following Knee Surgery --- Minnesota, 2001"MMWR 50(48); 1080
(December 7, 2001). The patient had received a knee osteochondral allograft. The tissue
processor of the allograft had used aseptic processing of harvested tissues. Companion tissue
had been processed alongside the allograft. After suspension of the allograft and companion

tissue in an antibiotic/antifungal solution, the companion tissue was cultured. The aerobic and
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anaerobic cultures of the companion tissues were reported as negative. Nevertheless, blood
cultures obtained from the patient before his death grew up chlostridial bacteria.

[0050] Because infection associated with contaminated graft tissue is a known complication
of allograft surgery, the MDH, the CDC, and the FDA investigated whether the allograft
might have been the source for the bacterial infection. Officials found twenty-five more cases
of serious bacterial infections in people who received such operations. CDC, " Update:
Allograft-Associated Bacterial Infections --- United States, 2002." MMWR 51(10); 207-210
(March 15, 2002); The New York Times, Online Edition (March 15, 2002).

[0051] Thirteen of the twenty-six patients were infected with chlostridial bacteria; eleven of
these patients received tissue processed by the same tissue processor. Allografis that were
implicated in the chlostridial infections were tendons used for anterior cruciate ligament
(ACL) reconstruction, femoral condyles, bone, and meniscus. Eleven of the allografts were
frozen and two were fresh (femoral condyles). All the allografts were processed aseptically
but did not undergo terminal sterilization. MMWR 51(10); 207-210 (March 15, 2002).

[0052] Eleven patients were infected with gram-negative bacilli; five had polymicrobial
infection. The transplanted tissues included ACL, femoral condyle, meniscus, and bone. One
tissue was fresh (femoral condyle), one was freeze-dried (bone), and the rest were frozen. For
eight of these thirteen cases, additional evidence implicated the allograft (e.g., common
donors or positive pre-implantation or processing cultures with matching microorganisms).
Eight patients received allografts that had undergone aseptic processing but no terminal
sterilization. Three patients received allografts that were reported to have undergone gamma
irradiation. MMWR 51(10); 207-210 (March 15, 2002).

[0053] In response, the CDC suggested some additional steps to reduce the risk for allograft-
associated infections. "When possible, a method that can kill bacterial spores should be used
to process tissue. Existing sterilization technologies used for tissue allografts, such as gamma
irradiation, or new technologies effective against bacterial spores should be considered."
MMWR 51(10); 207-210 (March 15, 2002). Also, the FDA has released new guidelines for
tissue processors regarding the processing of human tissues intended for transplantation.
CBER, Guidance for Industry: Validation of Procedures for Processing of Human Tissues
Intended for Transplantation (March 8, 2002).

[0054] The sterilization process of the invention provides sterilization and viral inactivation

by a combination of two processing steps from the tissue treatment process described above.
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[0055] The first step is a chemical sterilization treatment with glutaraldehyde, and the second
step is terminal sterilization by electron beam irradiation. The chemical sterilization step
involves tissue incubation in 0.10% glutaraldehyde for 9 to 16 hours at 20°C to 25°C. Tissue
glutaraldehyde penetration was validated by hydrothermal shrink temperature assay.

[0056] The second step is a terminal sterilization based on ANSVTAAMI/ISO 11137 medical
device sterility assurance limits, and uses electron beam irradiation as a controlled ionizing
radiation source. Medical device sterility assurance is based on validation of a sterilization
process that can repeatedly produce medical devices with a sterility assurance limit that meets
the current standards (SAL = 107).

[0057] In one embodiment of the tissue sterilization process of the invention, the Z-Lig
device (a device of the invention) is terminally sterilized using E-beam ionizing radiation. For
this embodiment, the validated sterilization dose of 17.8 kGy was established using
ANSVAAMI/ISO 11137-Dose Method 1 to provide a sterility assurance level of 107,
Further, a range of sterilization dose from 15.8 to 21.3 kGy has utility as a terminal
sterilization dose.

[0058] To assure that all devices within a single processing load receive the minimum dose,
as established by the validation study, a dose mapping study was conducted on a standard
packaging configuration of the device. See, EXAMPLE 1. The EXAMPLE verifies that all
devices within the standard packaging would receive the validated dose of 17.8 kGy of
ionizing radiation.

[0059] Together the embodiment and EXAMPLE 1 validate the capability of this
manufacturing process to reproducibly meet the requirements established in
ANSI/AAMI/ISO 11137.

EXAMPLE 1

SOURCE MATERIAL CONTROL AND VIRAL INACTIVATION

[0060] The viral safety of the porcine device was evaluated by assessment of the animal
source profile and evaluation of the viricidal activity of the treatment process. The tissues
used originate from six-month-old animals from a closed swine herd. Animals are subjected
to an ante and post mortem health inspection by licensed veterinarians and processed in a

USDA-inspected facility. Tissue identification allows tracking of harvested materials forward
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to the finished product and backwards to the animal of origin. No modified live viral vaccines
are used for disease control in the production facility. There is no cross contamination with
other animal sourced materials at any point in the harvesting or manufacturing processes.
Viral reduction values of greater than six-logs were observed for porcine parvovirus,
influenza A, pseudorabies virus and reovirus 3 during an evaluation of the viricidal activity of
two steps within the treatment process (glutaraldehyde treatment and electron beam
irradiation, 17.8 kGys). In other words, the resulting xenograft material was "substantially
free" of these three viruses.

[0061] Results from both glutaraldehyde and electron beam irradiation viral inactivation

steps are shown in TABLE 1 below.

TABLE 1
Viral Inactivation Test Results
Virus Description Logig LogioReduction Total Process
Reduction E-beam Reduction (Logio)
Glutaraldehyde -
Influenza A Env./RNA NT 6.52 6.52
Porcine NEnv./DN 1.91 5.06 6.97
Parvovirus A
Pseudorabies  Env./DNA NT 6.30 6.30
Reovirus 3 NEnv./RN 4.24 7.47 11.71
A

Env = enveloped, NEnv = non-enveloped, NT = Not Tested

[0062] Porcine Endogeneous Retrovirus: Porcine endogenous retrovirus (PERV) has been
discussed as a potential risk from xenogeneic materials. Takefman DM, Wong S. Maudru et
al. "Detection and characterization of porcine endogeneous retrovirus in porcine plasma and
porcine factor VIL" J. Virol 75(10):4551 (2001). We evaluated the risk of PERV based on
three separate assays.

[0063] The first assay was a standard viral inactivation assay of non-endogenous murine
leukemia virus as a model virus for PERV. The model virus inactivation study was conducted
under similar test conditions to the viral inactivation studies in the previous section. The log
reduction value was calculated to be 4.21 by these test methods.

[0064] In the second assay, finished Z-Lig device material (an embodiment of the invention)
was submitted for a co-cultivation assay for PERV. Samples were co-cultivated with human
U293 cells to assess transfection of endogenous PERV from the ligament to the human cell

line. The assays were conducted according to previously published methods. Takefian DM,
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Wong S. Maudru ef al. "Detection and characterization of porcine endogeneous retrovirus in '
porcine plasma and porcine factor VIL" J. Virol 75(10):4551 (2001). Non-transfection of
PERYV was measurable by the methods utilized.

[0065] The third assay evaluated device cellular inactivation by the followmg three
manufacturing steps: (1) freeze/thaw (a minimum of two freeze/thaw cycles); (2) incubation
with 0.10% glutaraldehyde and (3) exposure to 17.8 kGy ionizing radiation. The cytotoxicity
potential of these steps has an estimated safety margin of 108.9 for cell kill.

[0066] To verify the lack of live cells in the device, we performed a 3%g labeled methionine
uptake study. The cellular uptake of radiolabeled methionine is measured in a scintillation
counter. Live cells incorporate this labeled amino acid as part of their normal metabolism. No
methionine uptake was observed in suspensions of device fragments incubated under cell
culture conditions for 48 hours. No metabolic activity, consistent with cell viability within the
Z-Lig device was observed.

[0067] Based on the results of these assays and the apparent lack of viable cells in the treated
device, it was concluded that the risk of PERV transmission from this device to a human

recipient is extremely low.

EXAMPLE 2

TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHY

[0068] The transmissible spongiform encephalopathies (TSE) family of diseases includes
scrapie, which affects sheep and goats; transmissible mink encephalopathy; feline spongiform
encephalopathy; chronic wasting disease of deer and elk; and in humans, kuru, both classic
and variant Creutzfeldt-Jakob disease, Gerstmann-Straussler-Scheinker syndrome, and fatal
familial insomnia. Bovine spongiform encephalopathy (BSE), widely referred to as "mad cow
disease," is a chronic degenerative disease affecting the central nervous system of cattle.
TSE's have also been reported in captive exotic ruminants, and exotic and domestic cats. The
agent isolated from several of these cases is indistinguishable from BSE in cattle suggesting
the occurrence of TSE's in these species resulted from BSE-contaminated feed.

[0069] The nature of the infectious agent that causes BSE and scrapie is unknown. Currently,
the most accepted theory is that the agent is a modified form of a normal cell protein known

as a prion.
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[0070] Tissues for the Z-Lig device (an embodiment of the invention) are sourced from a
closed swine herd within the United States. The animals are managed under an intensive herd
health and disease-monitoring program. The slaughter faciiity where the tissues are harvested
is USDA inspected and individual animal to device trace-ability exists. Based on the current
understanding of the absence of TSE in cattle and swine in the United States and the
exclusion of species known to have TSE in the Uﬁited States from the feed supply of the
source animals, it can be concluded that the risk of transmission of TSE from the Z-Lig to
human recipients is extremely low and consistent with the risk associated with other porcine
tissue based devices currently approved for sale in the US by the FDA. In other words, the

resulting xenograft material is "substantially free" of these a TSE agents.

EXAMPLE 3

BIOMECHANICAL TESTING

[0071] As part of process development, we initiated tests to characterize the pre-implantation
biomechanical properties of bone-patellar tendon-bone allografts. We have implemented
clinically relevant controls for comparative biomechanical evaluation. Anatomical, structural
and cellular similarities between pig and human patellar tendon have been documented and
support porcine patellar tendon as a viable choice for human graft biomechanical modeling
and alternative. Fuss FK. "Anatomy and function of the cruciate ligaments of the domestic
Dpig (Sus scrofa domestica): a comparison with human cruciates." J Anar 178: 11 (October
1991). The overall aim of the testing was an internally controlled comparison of the Z-Lig
anterior cruciate ligament replacement device (an embodiment of the invention) to human
bone-patellar tendon-bone constructs. An additional control group included unprocessed
porcine patellar tendon, treated and harvested as cadaveric grafis fresh frozen with no

additional treatments. Test groups and descriptions are presented in TABLE 2.

TABLE 2
Biomechanical Test Groups
Grou Abbreviation Description
1 Z-Lig (pPT-treated) Porcine bone-patellar tendon-bone treated with
0.10% glutaraldehyde, 17.8 kGy e-beam
3 pPT-untreated Porcine bone-patellar tendon-bone, fresh frozen,
untreated
3 hPT Human bone-patellar tendon-bone, fresh frozen
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[0072] Previously published results have evaluated the tensile biomechanical and structural
properties of human anterior cruciate ligament, gracilis tendon, semitendinosus and patellar
tendon. Gibbons ML et.al. "Effects of gamma irradiation on the initial mechanical and
material properties of goat bone-patellar tendon-bone allografts." J Orthop Res 9(2): 209
(March 1991); Smith CW et al.. "Mechanical properties of tendons: changes with sterilization
and preservation." J Biomech Eng 118(1): 56-61 (February 1996).

[0073] The aim of this EXAMPLE was to compare both structural and material properties of
treated and untreated porcine patellar tendon grafts and a comparison to properties of human
patellar tendon. The results of this EXAMPLE serve as internally controlled comparative
evaluations and validations of test methods.

[0074] Materials and Methods: Biomechanical evaluation incorporates design and test
numbers recommended by the FDA, Guidance Document for the Preparation of
Investigational Device Exemptions and Premarket Approval Applications For Intra-Articular
Prosthetic Knee Ligament Devices (February 18, 1993). Three test groups with a minimum of
eight specimens per group are used in this study. The test groups include the Z-Lig device,
human patellar tendon allograft and untreated porcine patellar tendon grafts. All testing used
fresh-frozen grafts stored frozen, then thawed just before testing.

[0075] Both bone-to-bone length and mid-substance cross-sectional area were measured for
tested ligaments. The mid-substance thickness was measured with uniform load (0.12MPA)
and accomplished by a standard 10 mm blocking channel, 500g weight with 40 mm?load
surface. Specially designed screw clamp fixtures were used to hold the test specimens at the
bone plug ends, with compression in the anterior-posterior plane to 20 in Ibs by set screws.
The clamps were then vertically submerged in a cylindrical acrylic chamber containing 37°C
saline. The upper clamp was mounted to the actuator of a servo-control hydraulic test
machine (Shore Western Materials Testing Systems). The lower clamp was fixed to the
bottom of the chamber. Mechanical loading was produced with a servo-controlled hydraulic
test machine and measured by a 1000 Ib load cell. (Shore Western Materials Testing
Systems). An EnduraTEC WinTest™ Control system was used to operate the test frame, with
digital data acquisition at 200Hz and a standard strain rate of 100%/sec (based on bone-to-

bone length).
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[0076] The collected data were plotted in both load vs. displacement plots and normalized
into stress vs. strain plots. The following structural properties were determined from load
displacement curves: ultimate load, ultimate displacement, yield load, yield displacement,
axial stiffness, and toe region. Axial stiffness was calculated from best-fit linear analysis
using the linear slope region of the load-displacgment plot, with the toe region the initial non-
linear region and yield point determined by upper proportional limit and deviation from
linearity. Conversion of these tensile properties was accomplished by normalization of stress
vs. strain plots and specimen cross-sectional area. Stress is equal to load divided by cross-
sectional area and strain is derived by specimens elongation as compared to initial bone-to-
bone length. Material properties reported for specimens and groups include: yield strength,
ultimate strength, yield strain, ultimate strain, and modulus. Statistical significance for all
parameters was first assessed by ANOVA, with post-hoc testing performed by t-test at a
significance level of p<0.05.

[0077] Results: The physical characterization of the specimens is shown in TABLE 3 below.
Only specimens tested to failure under valid test conditions were used for this analysis. Mean

values in millimeters are reported for each test group with variance reported as standard

deviation.
TABLE 3
Length and Cross-sectional Area of Tensile Biomechanical Test Groups
Z-Lig (n=8 pPT-untreated (n=8) hPT (n=13)
BTB Length (mm) 48.0£3.2 562+34 43.2+5.6
(mean)
Cross-sectional area 60.3 £10.7 57.8+13.2 36.6 4.9

(mm®) (mean)

[0078] Length of the Z-Lig and pPT groups, 48.0 and 56.2 mm respectively, were
significantly greater than hPT length (43.2 mm, p<0.05) with non-significant differences
between the porcine test groups. The porcine test groups were significantly greater in cross-

sectional area as compared to hPT (p< 0.05).

20



WO 2006/074373 PCT/US2006/000468

[0079] The structural properties of ultimate load, yield load, ultimate displacement, yield
displacement, and stiffness are presented in TABLE 4 below. Although differences are seen,
they are attributed to disparate cross-sectional areas between the groups. Normalized inter-
group analysis is accomplished by structural to material property conversion and comparison
as shown in TABLE 5.

TABLE 4
Structural Properties of Tensile Biomechanical Test Groups
Z-Lig pPT-untreated hPT
(n=8) (n=8) (=13)
Ultimate Load (N) (mean) 1793 £ 356 1847 £ 472 1139+ 214
Yield Load (N) (mean) 1525 £ 386 1424 + 505 954 +£210
Ultimate Displacement (mm) (mean) 163+£1.7 170+ 24 12.1+£2.3
Yield Displacement (mm) (mean) 13.6 £1.32 123+1.42 9.9+2.3
Stiffness (N/mm) (mean) 189 + 31 184 + 41 180 £ 42
TABLE 5
Material Properties of Tensile Biomechanical Test Groups
Z-Lig pPT-untreated hPT
(n=8) (n=8) (n=13)
Ultimate Strength (MPa) (mean) 30.2+£6.9 32.7+£82 31.77+£ 8.4
Yield Strength (MPa) (mean) 25.6+7.1 25170 264 +7.1
Ultimate Strain (%) (mean) 34.1+4.2% 31.5+3.2% 28.2+4.8%
Yield Strain (%) (mean) 28.4+3.3% 221£2.1'% 23.1+£5.2%
Modulus (MPa) (mean) 1513+ 18.5 184.0 £ 47.9 217.9+78.0

[0080] The details of one or more embodiments of the invention are set forth in the
accompanying description above. Although any methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the invention, the preferred
methods and materials are now described. Those of skill in the art will recognize that the
invention may be embodied in other specific forms without departing from the spirit or
essential characteristics thereof. Other features, objects, and advantages of the invention will
be apparent from the description and from the claims. In the specification and the appended
claims, the singular forms include plural referents unless the context clearly dictates

otherwise. Unless defined otherwise, all technical and scientific terms used herein have the
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same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. All patents and publications cited in this specification are incorporated by
reference.

[0081] The foregoing description has been presented only for the purposes of illustration and
is not intended to limit the invention to the precise form disclosed, but by the claims

appended hereto.
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CLAIMS

We claim:

10.
11.
12.
13.
14.

15.

16.

A method of preparing a xenograft for implantation into a human comprising:

a. providing a body part from a transgenic animal to provide said xenograft, wherein
said transgenic animal is 1,3-a-galactosyltransferase gene-deficient; and

b. subjecting the xenograft to a cellular disruption treatment to kill the cells of the
xenograft.

The method of claim 1, wherein the transgenic animal is a transgenic pig having 1,3-
o-galactosyltransferase knocked out.

The method of claim 1, wherein the cellular disruption treatment comprises

one or more cycles of freezing and thawing treatment.

The method of claim 1, wherein the cellular disruption treatment comprises
radiation treatment.

The method of claim 1, wherein the cellular disruption treatment comprises
treating the xenograft material with at least one crosslinking agent.

The method of claim 5, wherein the crosslinking agent is selected from the group
consisting of aldehydes, aromatic diamines, carbodiimides, and diisocyanates.
The method of claim 5, wherein the crosslinking agent is glutaraldehyde.

The method of claim 1, wherein the body part is soft tissue.

The method of claim 1, wherein the body part is heart valve tissue.

The method of claim 1, wherein the body part is cardiovascular tissue.

The method of claim 1, wherein the body part is a blood vessel or portion thereof.
The method of claim 1, wherein the body part is bone.

The method of claim 1, wherein the body part is an orthopedic tissue.

The method of claim 13, wherein said orthopedic tissue is a ligament or a portion
thereof.

The method of claim 13, wherein said orthopedic tissue is a tendon or a portion
thereof.

The method of claim 13, wherein said orthopedic tissue is a cartilage or a portion

thereof.
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17.  The method of claim 11, wherein the body part is fascia/latta

18.  The method of claim 1, wherein the body part is pericardium tissue.

19.  The method of claim 1, wherein the body part is peritoneum tissue.

20.  The method of claim 1, wherein the body part is submucosal tissue.

21.  The method of claim 1, wherein the body part is dermal tissue.

22, The method of claim 1, wherein the xenograft material is sterilized.

23.  The method of claim 22, wherein the sterilizing is by one or more agents selected
from the group consisting of ethylene oxide and propylene oxide.

24.  The method of claim 1, wherein the cellular disruption treatment comprises a

treatment selected from the group consisting of : treatment with radiation, one or more cycles

of freezing and thawing, treatment with a chemical crosslinking agent, treatment with

alcohol, ozonation, sterilization, and combinations thereof,

25. A xenograft for implantation into a human comprising a substantially non-
immunogenic xenograft produced by the method of claim 1.

26. A xenograft for implantation into a human comprising:
a body part dissected from a transgenic 1,3-c-galactosyltransferase gene-deficient
animal, wherein cells of the body part are dead.

27. A xenograft for implantation into a human comprising:
a body part dissected from a transgenic animal, which is substantially deficient in o
galactosyl epitope, and wherein cells of the body part are dead.

28. A xenograft for implantation into a human comprising:

a body part from a transgenic 1,3-o-galactosyltransferase gene-deficient animal,
wherein cells of the body part have been killed by subjecting the body part to a cellular
disruption treatment, which comprises a treatment selected from the group consisting of
treatment with radiation, one or more cycles of freezing and thawing, treatment with a
chemical crosslinking agent, treatment with alcohol, ozonation, sterilization, and
combinations thereof.

29. The xenograft of claims 25 or 26 or 27 or 28, wherein said body part is soft tissue.
30.  The xenograft of claim 29, wherein said soft tissue is from the group consisting of

orthopedic tissue, pericardium, peritoneum, submucosal and dermal tissue.
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31.  The xenograft of claim 30, wherein said orthopedic tissue is from the group consisting
of ligaments, tendons, and cartilage, and portion thereof.

32.  The xenograft of claims 25 or 26 or 27 or 28, wherein said body part is bone.

33.  Animmunochemically modified and sterilized allograft for implantation into humans
wherein, the allograft has its cells killed by subjecting to a cellular disruption treatment
selected from the group consisting of washing the allograft in water and alcohol, ultraviolet
radiation, ozonation, and freeze thaw cycling, treatment with a chemical cross-linking agent
and sterilization with radiation, and combination thereof.

34, The allograft of claim 33, wherein said allograft is soft tissue.

35.  The allograft of claim 33, wherein said allograft is from the group consisting of
orthopedic tissue, pericardium, peritoneum, submucosal and dermal tissue.

36.  The allograft of claim 33, wherein said allograft is from the group consisting of
ligaments, tendons, and cartilage, and portion thereof.

37.  The allograft of claim 33, wherein said allograft is bone.
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