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FRESH, CRYOPRESERVED, OR MINIMALLY FIXED CARDIAC
VALVULAR XENOGRAFTS

Field of the Invention

The invention relates to the preparation of porcine cardiac valve leaflets for implantation into
patients.

Background of the Invention

Diseased cardiac valves can be replaced with either mechanical or biological tissue
prostheses. Mechanical valves are more durable but require long-term anti-coagulation
therapy with coumadin to prevent surface clotting. Risks associated with anticoagulation
therapy, such as bleeding or thromboembolism, are of concern to many physicians and their
patients. Biological tissue valves as protheses, on the other hand, do not require
anticoagulation therapy.

Xenografts are a desirable source of biological tissue, but xenotransplantation is
currently performed using highly preserved tissues to avoid rejection. The presentation
techniques eliminate tissue viability and may result in post-implant calcification that shortens
the half-life of the implant. Therefore, the usefulness of preserved implants is limited by
durability secondary to structural degeneration and/or calcification.

The first reported use of formaldehyde on valves was to denature and stiffen elastic
fibers in human homografts (Paneth et al, Thorax, 21:115-7. 1966). Initial formaldehyde
preservation of porcine valves was performed by O'Brien, who used the solution in 1967 for
"both preservation and sterilization" (O’Brien, J. Thoracic Cardiovasc. Surgery, 53:392-7.
1967). Early investigators hypothesized that the fixative denatured the proteins of the graft,
thereby minimizing rejection. (See: Hamilton et al, Thorax, 23:239-48. 1968; Paneth et al,
Thorax, 21:115-7. 1966). Currently, biological tissue valves are constructed with
glutaraldehyde-fixed porcine or bovine tissues, which may explain the considerably reduced
biological half-life of these xenotransplanted valves as compared to native human valves.

The transplantation of porcine hearts into humans prompts a violent hyperacute

rejection similar to that seen in ABO-incompatible transplantation, in which the graft
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becomes cyanotic, and edematous minutes after implantation (Chen et al, In: Simon D,

Roberts C, eds. Vascular Disease and Injury: Preclinical Research. Ottowa: Humana, in press,
2000). The extensive microvascular thrombosis of hyperacute rejection is the result of IgM-
triggered, complement Membrane Attack Complex (MAC)-mediated graft destruction. This
mechanism of pig-to-human xenotransplantation rejection was not understood until 1987,
when it was shown that humans constituitively synthesize natural IgM antibodies against a
porcine molecule, galactose ®-1,3 galactose (Galili et al, Proc Natl Acad Sci USA, 84:1369-
73. 1987).

In contrast, is the novel and unexpected finding that isolated porcine cardiac valve
leaflets lack galactose-& 1,3-galactose expression and are therefore non-immunogenic in
humans and other primates. This surprising finding is the basis for preparing porcine cardiac
valve leaflets with little or no contact with fixative agents. These unfixed and minimally
fixed tissues can be successfully used as xenografts. According to the invention, because
these isolated porcine cardiac valve leaflet tissues show no immunogenicity in the host, they
can be used either untreated or minimally treated with fixatives, thereby increasing implant
viability and durability over that of past implants, and overcoming some of the limitations of
xenotransplantation.

Summary of the Invention

The invention is based on the surprising finding that porcine cardiac valve leaflets do
not express galactose-& 1,3-galactose and are not immunogenic when implanted into
primates. Accordingly, the invention is related to preparations of isolated porcine cardiac
valve leaflets for implantation into patients. The invention also relates to methods for
preserving isolated porcine cardiac valve leaflets prior to implantation into patients, such as
fixation-free, minimal fixed, and/or cryopreserved. In addition, the invention relates to
methods of treating a patient by implantation into the patient of a fixation-free, minimal-fixed
and/or cryopreserved porcine cardiac valve leaflet or leaflets.

In one aspect of the invention a medical preparation is provided. The preparation
contains an isolated porcine cardiac valve leaflet, free of contact with an exogenous fixative.
In one embodiment the preparation is packaged sterile in a container in an extracellular
solution. In another embodiment, the extracellular solution contains a cryoprotectant agent.
In another embodiment, the preparation is frozen.

Another aspect of the invention provides a kit for implanting a cardiac valve leaflet
into a patient. The kit is a container including an isolated porcine cardiac valve leaflet, free

of contact with a fixative, packaged sterile in a container in an extracellular solution. The kit



10

15

20

25

30

WO 01/28604 PCT/US00/28645

-3-
also contains written instructions for processing the isolated porcine cardiac valve leaflet for

implantation into a patient. In one embodiment of the kit, the extracellular solution contains
a cryoprotectant . In other embodiments, the leaflet is frozen.

Yet another aspect of the invention provides a medical preparation. The preparation
is an isolated porcine cardiac valve leaflet, contacted for a time with an amount of an
exogenous fixative effective to prolong shelf-life versus an uncontacted porcine cardiac valve
leaflet, but wherein said time and amount are insufficient to induce a calcification level of a
percentage which is more than 80% of an identical-interval, post-implantation calcification
level of a porcine cardiac valve leaflet contacted 6 hours with 0.65% gluteraldehyde. The
preparation can be packaged sterile in a container in an extracellular solution. A preferred
percentage of calcification is less than 80%, 70%, 60%, 50%, 40%, 30%, 20%, 15%, 10%,
5%, 2%, or 1%, of the level of calcification characteristic of an identical-interval, post-
implantation calcification level of a porcine cardiac valve leaflet contacted 6 hours with
0.65% gluteraldehyde and implanted. In one embodiment, the contact with the fixative is for
equal to or less than 120, 60, 30, 25, 20, 15, 10, 5, 4, 3, 2, 1, 0.5 minutes. In one
embodiment, the fixative is gluteraldehyde. In another embodiment, the fixative is
gluteraldehyde and contacts the preparation for 2 hours or less. In another embodiment, the
fixative is 0.60%, 0.55%, 0.45%, 0.35%, 0.25%, 0.15%, 0.10%, 0.05%, 0.01% or 0.001%
gluteraldehyde. In another embodiment, the fixative is ethanol. In another embodiment, the
fixative is ethanol and contacts the preparation for 1 hour or less. In yet another embodiment,
the fixative is acetone. In another embodiment, the fixative is acetone and contacts the
preparation for 1 hour or less. In another embodiment, the extracellular solution contains a
cryoprotectant agent. In another embodiment, the preparation is frozen.

Another aspect of the invention provides a cryopreserved implant that is a frozen
isolated porcine cardiac valve leaflet with a predicted shelf-life of 13 months or more and a
predicted post-implantation half life of 13 years or more when thawed and implanted into a
patient. In one embodiment, the predicted post-implantation half life of the implant is
determined by the level of leaflet calcification post implantation. In another embodiment, the
predicted level of implanted valve leaflet calcification level is less than 80% of the identical-
interval post-implantation calcification level of a porcine cardiac valve leaflet contacted 6
hours with 0.65% gluteraldehyde. The leaflet can be packaged sterile in a container. The
range of calcification level, the range of times of exposure, and preferred fixatives and

fixative solutions are as described above herein.
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Another aspect of the invention provides a kit for implanting a cardiac valve leaflet

into a patient. The kit is a container including an isolated porcine cardiac valve leaflet,
contacted for a time with an amount of an exogenous fixative effective to prolong shelf-life
versus an uncontacted porcine cardiac valve leaflet, but wherein said time and amount are
insufficient to induce a percentage of calcification level of 80% of the identical-interval, post-
implantation calcification level of a porcine cardiac valve leaflet contacted 6 hours with
0.65% gluteraldehyde; packaged sterile in a container in an extracellular solution. A
preferred range of calcification level, the range of times of exposure to fixative, and preferred
fixatives and fixative solutions are as described above herein. The kit also contains written
instructions for processing the isolated porcine cardiac valve leaflet for implantation into a
patient. In one embodiment, the extracellular solution contains a cryoprotectant agent. In
another embodiment, the preparation is frozen.

Another aspect of the invention is a method of preparing an isolated porcine cardiac
valve leaflet for implantation into a patient. In the method, an isolated porcine cardiac valve
leaflet is contacted for a time with an amount of an exogenous fixative effective to prolong
shelf-life versus an uncontacted porcine cardiac valve leaflet, but wherein said time and
amount are insufficient to induce a percentage of calcification level of 80% of the identical-
interval, post-implantation calcification level of a porcine cardiac valve leaflet contacted 6
hours with 0.65% gluteraldehyde, and the contacted isolated leaflet is packaged sterile in a
container in an extracellular solution. A preferred range of calcification level, range of times
of exposure to fixative, and preferred fixatives and fixative solutions are as described above
herein. In one embodiment, the extracellular solution contains a cryoprotectant agent. In yet
another embodiment, the isolated porcine cardiac valve leaflet is frozen.

Another aspect of the invention is a method of preparing an isolated porcine cardiac
valve leaflet for implantation in a patient. In the method, the isolated porcine cardiac valve
leaflet is processed for implantation without contact with an exogenous fixative. The leaflet
can be held or packaged fresh, sterile in a container in an extracellular solution. In another
embodiment, the extracellular solution contains a cryoprotectant agent. In yet another
embodiment, the isolated porcine cardiac valve leaflet is frozen.

Another aspect of the invention is a method of treating a patient that is implanting into
the patient one or more isolated porcine cardiac valve leaflets which have been contacted for
a time with an amount of an exogenous fixative, wherein said time and amount are
insufficient to induce a percentage of calcification level of 80% of the identical-interval, post-

implantation calcification level of a porcine cardiac valve leaflet contacted 6 hours with
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0.65% gluteraldehyde. A preferred range of calcification level, range of times of exposure to

fixative, and preferred fixatives and fixative solutions are as described above herein. In one
embodiment, the leaflet has not previously been frozen. The leaflet may be obtained fresh,
i.e., recently harvested without overnight storage. In another embodiment, the method
involves thawing a leaflet, the leaflet having been stored frozen.

Another aspect of the invention is a method of treating a patient that is thawing and
implanting into the patient one or more isolated porcine cardiac valve leaflets which have
been contacted for a time with an amount of an exogenous fixative, wherein said time and
amount are insufficient to induce a percentage of calcification level of less than 80% of the
identical-interval, post-implantation calcification level of a porcine cardiac valve leaflet
contacted 6 hours with 0.65% gluteraldehyde. A preferred range of calcification level, range
of times of exposure to fixative, and preferred fixatives and fixative solutions are as described
above herein.

Another aspect of the invention is a method of treating a patient that is implanting one
or more isolated porcine cardiac valve leaflets which have been prepared for implantation
without contact with an exogenous fixative. The method can involve obtaining a leaflet that
may be fresh, i.e., recently harvested without overnight storage. The leaflet also may have
been stored in a non fixative storage solution. In one embodiment, the leaflet is stored at bout
4° centigrade. In another embodiment, the method involves thawing the leaflet, the leaflet
having been stored frozen.

For any of the forgoing embodiments, an exogenous fixative includes any tissue
fixative agent or means, known to those of ordinary skill in the art. Thus, an exogenous
fixative preferably is one selected from the group consisting of chemical or irradiation
fixatives.

Detailed Description of the Invention

The invention is based on the surprising finding that porcine cardiac valve leaflets
lack galactose-x 1,3-galactose expression and are non-immunogenic when implanted into
primates. Accordingly, the invention is related to preparations of isolated porcine cardiac
valve leaflets for implantation into patients. The invention also relates to methods for
preserving isolated porcine cardiac valve leaflets prior to implantation into patients, such as
fixation-free, minimal fixed, and/or cryopreserved. In addition, the invention relates to
methods of treating a patient by implantation of a fixation-free, minimal-fixed and/or

cryopreserved porcine cardiac valve leaflet or leaflets.
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As used herein, an “isolated” porcine cardiac valve leaflet is a leaflet separated from

other porcine cardiac valve tissue, which has been removed from the donor using standard
surgical methods. (See: Iben et al, The Journal of Thoracic and Cardiovascular Surgery,
61(4): 556-560. 1971; Chen et al., The Journal of Thoracic and Cardiovascular Surgery,
119(6):1216-1220. 2000). In essence, the valve leaflet is separated from tissue that would
induce an immune response when implanted into a patient, 1.e., tissue expressing galactose-X
1,3-galactose.

The isolated cardiac valve leaflet may be prepared for implantation without any
contact with exogenous fixatives, including mechanical preservatives. There are numerous
fixatives known in the art, including but not limited to: chemical fixative agents such as
formalin, gluteraldehyde, acetone, ethanol, acrolein; or other fixative agents such as
irradiation/UV light exposure. In the invention, the preferred exogenous fixatives include,
but are not limited to: gluteraldehyde, acetone, and ethanol. The term “free of contact with a
fixative” means the isolated porcine cardiac valve is not touched or been exposed to any
exogenous fixative before or after isolation from all other porcine cardiac tissue, and prior to
sterile packaging, freezing, and/or implantation into a patient. A valve leaflet prepared for
implantation in this manner will not induce a significant immune response, as described in
the examples below, even though the leaflet has not been treated with fixatives used in the
prior art to reduce the immunogenicity of the implanted tissue. Thus, the leaflet is free of
characteristics, including surface characteristics such as cross-linking, dead cell levels, and
post-implantation properties of a leaflet treated with an exogenous fixative according to prior-
art methods.

In other embodiments, the isolated cardiac valve leaflet may be contacted with an
exogenous fixative but in an amount and/or for a time and/or temperature so as to produce
substantially less surface alteration (e.g. surface crosslinking) than is characteristic of that
alteration resulting from fixative agents used in the methods of the prior art. The exposure to
fixative agents as described herein increases durability of the implant, but exposure is in an
insufficient amount as would be necessary to render tissue expressing galactose-®¢ 1,3-
galactose non-immunogenic (which, surprisingly, is not needed for isolated valve leaflets).
As described in greater detail below, conditions including fixative agents are applied to
increase durability and integrity of the implanted tissue, lessening the calcification-inducing
effects of such fixative agents when applied at levels characteristic of the prior art. The
percentage of fixative may range from less than .01% to 100% of the fixative in solution.

Thus, the percentage of fixative can .01, .02, .03, .04, .05, .06, .07, .08, .09, .10, .15, .2, .25,
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3,.35,04, 45, .5,.55,.6,.65,.7,.75, .8, .85,.9,.95,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,

15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25 percent, and so on, up to 100% embracing every
integer therebetween.

As used herein, the term “contacted with” exogenous fixative agent means the porcine
cardiac valve leaflet, before or after isolation from all other porcine cardiac tissues, and prior
to sterile packaging, freezing and/or implantation, is placed into contact with an exogenous
fixative. Examples of such contact include, but are not limited to, immersion of the porcine
cardiac tissue in the exogenous fixative, rinsing the porcine cardiac tissue with the exogenous
fixative, or perfusion, etc. In some embodiments, the length of immersion may range from
less than one minute to up to and including two hours or more. Contact may also include
contact with radiation such as UV light.

The isolated cardiac valve leaflet may be sterilized with methods known to those of
skill in the art, including, but not limited to irradiation (e.g. Y-irradiation) and antibiotic
treatment. Antibiotic treatments may include, but are not limited to, contact of the porcine
cardiac valve leaflet with amphotericin B, polymixin B sulfate, cefoxitin, vancomycin,
lincomycin and/or other antibiotics, all of which are known in the art (see U.S.Patent
4,890,457). Sterilization may occur before or after isolation of the porcine cardiac valve
leaflet from all other porcine cardiac tissues.

The isolated cardiac valve leaflet may be packaged with an extracellular solution in a
sterile container, which may include, but is not limited to: a sterile bag, box, or jar.
Packaging may be for long-term storage, or for short transport, for example for delivery of
fresh, unfixed leaflets from a donor to a recipient in a surgical suite. As used herein,
“extracellular solution” may be saline, culture media, cardioplegia, or any other tissue-
preservation or storage solutions, all of which are well known to those of skill in the tissue
transplantation art. In all embodiments the extracellular solution will be sterile. In preferred
embodiments, the extracellular solution is a non-fixative solution containing only non-
fixative agents, i.e., does not contain an exogenous fixative.

The isolated porcine cardiac valve leaflet may be superficially wetted with the
extracellular solution, (i.e. the solution remaining after gravity-induced dripping or shaking of
the leaflet), or may be contained in a sufficient volume of extracellular solution to submerge
the isolated porcine cardiac valve leaflet. In some embodiments the volume may be about,
but is not limited to: 5 ml, 10 ml, 25 ml, or 50 ml of extracellular solution.

In some embodiments of the invention, the extracellular solution may contain a

cryoprotectant. There are numerous cryoprotectant agents known in the art including but not



10

15

20

25

30

WO 01/28604 ' PCT/US00/28645

-8-
limited to: dimethylsulfoxide (DMSO), glycerol, albumin, mono- and dissaccharides, and

serum (e.g. fetal calf serum, eagle serum, etc). In the invention, the preferred cryoprotectant
agents include, but are not limited to: dimethoysulfoxide (DMSO), glycerol, or albumin.
Cryoprotectants are routinely used in the art to prevent tissue damage during freezing. In the
invention, the percentage of cryoprotectant in the extracellular solution may lie in a range of
percentages and the cryoprotectants may be used alone or in combination. For example, the
percentage of DMSO may range from 0% to 25%, the percentage of glycerol may range from
0% to 25% and the percentage of albumin may range from 0% to 50%. The components and
percentage of cryoproprotectant in the extracellular solution may be determined by one of
ordinary skill in the art. The components and amounts used are according to art-accepted
methods.

Another element of the invention is a medical preparation of an isolated porcine
cardiac valve leaflet with an expected “pre-implantation shelf-life” of 13 months or more and
an expected post-implantation half life of 13 years of more. This can be achieved either by
freezing, by minimal fixation, or both. Aspects of the invention permit an extension in the
pre-implantation shelf-life as well as the post-implantation half-life. The expected pre-
implantation shelf-life is the length of time an isolated leaflet may be st(.)red as living tissue
after isolating from the donor pig and prior to implantation into a patient.

The isolated leaflets can be used fresh, i.e., within minutes to hours of harvesting from
a donor. When used fresh, viability is maximized when compared to leaflets stored overnight
or frozen. If a longer shelf-life is desired for commercial and/or practical purposes, then the
isolated leaflets can be stored cold or frozen. Freezing, as described in greater detail below,
can extend significantly shelf-life, although the freezing conditions and storage time affects
post-implantation characteristics such as durability. Thus, there is a trade-off between trying
to extend shelf-life and trying to maximize post-implantation desirable characteristics of the
isolated leaflets. A surprising discovery, according to the invention, is that better than
adequate viability and post-implantation characteristics can be obtained if fresh leaflets are
then frozen, stored, thawed and implanted, particularly when this is carried out under the
conditions described herein.

A measure of leaflet viability may be the assessment of glucose metabolism in the
isolated leaflet to ascertain whether a tissue is living or not. (see O’Brien, M.F. et al, J.
Cardiac Surg. 2(Supp):153-167. 1987). Measures of leaflet integrity may also include

evaluation of the leaflets for physical or structural tissue breakdown or damage. Alternative
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methods to assess elements of tissue integrity for implantation are known to those of skill in

the tissue transplantation art.

In some embodiments, the porcine cardiac valve leaflet may be not frozen and in
other embodiments, the porcine cardiac valve leaflet may be frozen. If frozen, the isolated
porcine cardiac valve leaflet may frozen at a temperature within a range including but not
limited to:-20°C, -80°C, -100°C, or -200°C. The methodology of cryopreservation is
according to art-accepted methods. In some embodiments, the porcine cardiac valve leaflet is
frozen in liquid nitrogen.

Freezing unfixed leaflets can extend the shelf-life beyond that of unfixed, unfrozen
Jeaflets, but extremely low temperature freezing such as -100°C to -200°C may reduce
viability. The use of fresh and unfixed frozen tissues may extend the viability of the cardiac
valve leaflets, especially when tissues are frozen at high temperatures (e.g., 0°C, -10°C,

- 15°C, -20°C, -50°C). Where unfixed tissues (frozen or fresh) may have viability, the use of
mild fixation may provide longer shelf-life and perhaps better post-implantation half-life.
The tradeoff between the two methods lies in the link between the length of shelf-life and the
loss of viability, and both are factors that must be weighed against each other to determine
the method of choice.

The isolated leaflets also can be treated with a fixative. The leaflets can be fresh, so
treated and immediately transplanted or can be fresh, so treated and stored for transplantation.
It is further possible to freeze the isolated leaflets and later, upon thawing, apply fixative,
although this is not preferred.

According to the invention, leaflets are “minimally” treated with fixative, as described
herein In the prior art, it is common to used fixative to render tissue non-immunogenic. It
was discovered, surprisingly, that isolated leaflets do not express galactose- 1,3-galactose
and do not require fixative treatment according to the prior art to avoid immunogenicity.

Mild fixative treatment can affect favorably post-implantation characteristics, versus prior-art
treatments. Likewise, mild fixative treatment can favorably affect shelf-life (although mild
treatment also renders cells nonviable and shelf-life and post-implantation characteristics then
are influenced by factors other than viability).

A particularly important feature of mild fixation is the substantially reduced
calcification characteristic of prior-art fixed leaflets. The invention also relates to
preservation of post-implantation integrity and durability of an isolated porcine cardiac valve
leaflet. Determination of post-implantation integrity and durability may be based on the

amount of calcification in the implant tissue at various post-implantation time points.
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Calcification is the presence of mineral and/or calcific deposits in the implanted tissue, which

may significantly reduce post-implantation durability of tissues (see: Tomazic, B.B. et al, J.
Biomedical Materials Research, Vol. 28: 35-47. 1994). It has been discovered, surprisingly,
that calcification levels in isolated valve leaflets can be significantly reduced by avoiding the
conditions of fixative agents employed according to the prior art. Because such high levels of
fixation can be avoided while still achieving a non-immunogenic implant; implants of higher
integrity and durability can be obtained. Calcification levels in implanted porcine valves may
begin within days of the implant and increase over time in exogenous-fixative-contacted
tissues. For example, at one-year-post implantation, the level of calcification in an implanted
porcine cardiac valve leaflet may be significantly higher than calcification levels in the same
porcine cardiac valve leaflet at six months post implantation.

Levels of cardiac valve leaflet calcification may be assessed using standard
measurement procedures including, but not limited to: chemical analysis, X-ray diffraction,
spectroscopy, scanning electron microscopy, polarized light microscopy, and solubility
measurement. (see Schoen, et al., American Journal of Pathology, Vol 123, 134-145. 1986).
The average statistical level of post-implantation calcification in a stringently fixed cardiac
valve leaflet, (for example, leaflets contacted 6 hours with 0.65% gluteraldehyde), may be
compared with that in a post-implantation levels in a minimally fixed (as described herein)
porcine cardiac valve leaflet. In other embodiments, the level of calcification may be
assessed by comparing the level of calcification of the porcine cardiac valve leaflets at the
time of implantation with the calcification levels at various times post-transplantation, such
as1,2,3,4,5,6,7,8,9,10, 11, 12, 15, 24, 36, 48, 60, 72, 84, 96, 108, 120 months or more,
thereby providing measurement of calcification of an implanted porcine cardiac valve leaflet
over time. Thus, the number of months can range from 1 through 120 embracing every
integer therebetween.

In other embodiments, levels of calcification in unfixed and minimally fixed tissues
may be compared to calcification levels in implanted leaflet tissues that were subjected to
stringent fixation methods prior to implantation, as described herein. For example, the 12-
month post-implantation level of calcification in a porcine cardiac valve leaflet fixed 5
minutes in 0.05% gluteraldehyde prior to implantation may be compared with the 12-month
post-implantation level of calcification in a porcine cardiac valve leaflet fixed 6 hrs in 0.65%
gluteraldehyde; providing a comparative measure of calcification resulting from a minimal

fixation strategy versus the more stringent fixation strategy.
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One aspect of the invention relates to combinations of fixation concentration, fixation

time, and fixation temperature to enhance integrity and durability of the implanted cardiac
valve leaflet. For example, the fixative may be gluteraldehyde at a concentration between
and including 0.001% and 0.6% and the time of contact between the fixative and the isolated
porcine cardiac valve leaflets may be between and including 0.01 minute and 120 minutes.
In one embodiment the fixative type, concentration, and fixation time results in the post
implant calcification levels of less than 60% of the calcification level at the same post-
implantation interval in an implanted porcine cardiac valve leaflet treated with 0.65%
gluteraldehyde for 6 hours or more prior to implantation. For example, at the same post-
implantation interval an isolated porcine cardiac valve contacted 2 minutes in 0.02%
gluteraldehyde and implanted will result in less than 60% of the calcification in an isolated
porcine cardiac valve contacted 6 hours in 0.65% gluteraldehyde and implanted.

As will be obvious to one of skill in the art, in some embodiments, an isolated porcine
cardiac valve leaflet may be contacted with a higher concentration of gluteraldehyde for a
shorter length of time and have an equivalent post-implantation level of calcification as a
porcine cardiac valve leaflet contacted with a lower concentration of gluteraldehyde for a
longer period of time; and in both instances, times and amounts can be adjusted so as to have
less post-implantation calcification than a porcine cardiac valve leaflet contacted with 0.65%
gluteraldehyde for 6 hours. Additional combinations of fixative, concentration, temperature,
and time to attain a level of calcification in an isolated porcine cardiac valve tissue of 60% or
less than that of a leaflet contacted with 0.65% gluteraldehyde for 6 hours, at the same post-
implantation interval, can be determined by those of skill in the art using standard methods as
described herein.

In some embodiments, the calcification level of the isolated porcine cardiac valve
leaflet may be 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, 1%, or less of identical-
interval, post implantation calcification levels of a porcine cardiac valve leaflet contacted 6
hours with 0.65% gluteraldehyde. The percentages will be understood to represent a range,
which is inclusive from 80% through 0%. Thus, the percentage canbe 0, 1,2,3,4,5,6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40 percent and so on, up to 80%, embracing every integer
therebetween.

In some embodiments, the contact of the porcine cardiac valve leaflet with the

exogenous fixative is for a period ranging from 120 minutes to less than 0.5 minutes. In
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some embodiments, the exogenous fixative is gluteraldehyde. In other embodiments, the

exogenous fixative may be, but is not limited to acetone or alcohol.

As will be understood by those of ordinary skill in the art, fresh versus frozen and
unfixed versus minimally fixed are interrelated variables and the pathway selected may
depend upon practical circumstances such as the availability of fresh material and particular
patient parameters. In some instances, minimally fixed tissue (fresh or frozen) may be
preferred and in other instances unfixed and particularly fresh unfixed, may be preferred.

Another aspect of the invention is the method of treating a patient by implanting an
isolated porcine cardiac valve leaflet into the patient. As used herein, the patient is a human,
non-human primate, horse, cow, sheep, or pig. In all embodiments human patients are
preferred. Prior to implantation, the isolated porcine cardiac valve leaflet may be contacted
with an exogenous fixative agent, or in other embodiments, the isolated cardiac valve leaflet
is not contacted with an exogenous fixative agent. In some embodiments the isolated porcine
cardiac valve leaflet has been frozen and is thawed prior to implantation and in other
embodiments the isolated porcine cardiac valve leaflet was not frozen prior to implantation.
Particularly important patients to which the present invention can be applied are patients in
need of replacement cardiac valves.

In the invention, an isolated porcine cardiac valve leaflet kit 8 (Figure 1) may include
a package (2) containing the frozen porcine cardiac valve leaflet (not shown) which is not
contacted with any exogenous fixative, contained sterile within a sealed plastic bag (4)in an
extracellular solution and instructions (6) for the processing the valve leaflet for implantation
in a patient. In other embodiments, the kit is an isolated porcine cardiac valve leaflet, which
has been contacted with an exogenous fixative, contained sterile within a sealed plastic bag in
an extracellular solution, and instructions for processing the valve leaflet for implantation in a
patient. In some embodiments, 1, 2, 3 or more cardiac leaflets are packaged sterile together

or in separate bags in the kit.

Examples
Methods

Experimental Animals: Heterotopic pig-to-primate cardiac xenotransplantation was
performed to test the immune reaction against fresh, unmanipulated porcine valves. Olive
baboons (Papio Anubis) served as transplant recipients. Wild-type or transgenic pigs
expressing the human CD59/DAF or MCP complement regulatory proteins served as cardiac

donors. The construction of transgenic pigs bearing human complement regulatory proteins
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was previously described (Chen et al, Xenotransplantation, 6:122-32.1999). Briefly, large

genomic clones encompassing the genes encoding human CD59 and DAF were microinjected
into fertilized porcine oocytes to generate transgenic pigs using standard techniques (Logan et
al, Meth Enzym, 435. 1994). Both clones are approximately 90 kb and contain 10 to 20 kb of
the 5' and 3' flanking sequences of their respective genes. G; offspring from one founder that
was transgenic for both human CD59 and DAF were used as cardiac donors. All animals
received humane care in accordance with the guidelines of the Harvard University Animal
Care Committee, and the "Guide for the Care and Use of Laboratory Animals" prepared by
the Institute of Laboratory Animal Resources and published by the National Institutes of
Health (NIH publications No. 86-23, revised 1985.)

Anesthesia. For invasive procedures and anesthesia induction, sedation was achieved using
ketamine hydrochloride (10mg/kg i.m.) in baboons and telazol (Smg/kg i.m.) in pigs.
Respiratory secretions were controlled with atropine sulfate (0.03 mg/kg). Anesthesia was
maintained with inhalational isoflurane (1.3-2.0%). Intraoperatively both pigs and baboons
were monitored with electrocardiography, noninvasive blood-pressure monitoring, and pulse-
oximetry. All baboons received antibiotic coverage with cefazolin (20mg/kg i.m. bid) and
pain control with butrenorphine (0.005 mg/kg bid) postoperatively for 5 days. In the event of
diminished fluid or caloric intake, recipients received their calculated daily needs as

intravenous crystalloid solution or Ensure tube feeds.

Heterotopic Heart Transplantation: Heart transplantation was performed in the abdominal
cavity as previously described (Adams et al, Annals of Thoracic Surgery, 68:265-8. 1999).
Pigs were anesthetized, received systemic anticoagulation with heparin (100 IU/kg i.v.)
following which the heart was harvested in a standard fashion after protection by 500 cc of
antegrade cold crystalloid cardioplegic solution (dextrose 2.5%, NaCl 0.45%, potassium 30
meq/1, bicarbonate 5 meq/1). Transplant organ ischemic time varied between 45 to 55

minutes.

Immunonsupression: The transplant recipients received daily immunosuppression starting 15
days prior to transplantation. The immunosuppressive regimen consisted of cyclosporine (7
mg/kg i.m.), methylprednisolone (10 mg/kg i.m.), cyclophosphamide (10 mg/kg i.m.), and
soluble carbohydrate (50 mg/kg i.v.).
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Evaluation of Transplant Organ Function: An implantable telemetric system (Data Science

International, St. Paul, Minnesota) was used to continuously follow graft cardiac rhythm as
an indicator of viability in awake recipients (Adams et al, Annals of Thoracic Surgery,
68:265-8. 1999). Grafts were explanted when the telemetric signal showed complete

cessation of cardiac contractility.

Histopathologic Studies of the Porcine Valves: After graft explantation, aortic and pulmonary
valves were carefully dissected and either snap-frozen in Tissue Freezing Medium (Triangle
Biomedical Sciences, Durham, NC) and liquid nitrogen or fixed in Carnoy's solution and
embedded in paraffin. Paraffin sections were sectioned at Sum thickness and stained with
hematoxylin and eosin. Biotinylated-lectin from Griffonia simplicifolia (GSI; Sigma, St.
Louis, MO) was used to stain ®-Gal on porcine endothelium. Cryostat sections were
immunostained using standard indirect immunoperoxidase avidin-biotin techniques
previously summarized (Chen et al, Xenotransplantation, 6:1-6. 1999), with monoclonal
antibodies specific for IgM (Biodesign International, Kennebunk, ME) and MAC (C5-9;
Dako, Carpinteria, CA). The signal was developed with the avidin-peroxidase system (ABC
kit, Vector Lab, Burlingame, CA).

Example 1: Endothelium of porcine Valves and Cardiac Microvasculature.
To examine mechanisms of xenograft valve prosthetic failure, porcine xenografts in primates
were examined. Porcine cardiac xenograft rejection in primates is triggered by IgM
antibodies against galactose & 1,3 galactoase (& Gal) on endothelium, with ensuing
membrane attach complex (MAC) deposition. Glutaraldehyde fixation may remove
antigenicity, albeit at the expense of tissue viability, and fixed valves eventually undergo
degenerative failure. To clarify whether fresh porcine valves in primates are subject to the
same rejection mechanisms as vascularized tissues, xenotransplants from pigs to primates
were performed.

To see whether ®-Gal is equally expressed by the endothelium of valve leaflets and
cardiac microvasculature, untransplanted porcine hearts (n=6) were examined. Cardiac
microvascular endothelium had strong ®-Gal expreésion. In comparison, neither aortic valves

nor pulmonary valves had any detectable ®-Gal expression.

Example 2: Porcine Valves in Hyperacute Rejection.
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To examine the susceptibility of wild-type pig valves to IgM-mediated hyperacute

attacks, wild-type pig hearts (n=3) were transplanted into unmodified baboon recipients. The
porcine xenografts were hyperacutely rejected 60 to 80 minutes after implantation. The
hearts became edematous, cyanotic, and engorged. Histological examination of the rejected
graft showed signs of thrombi, interstitial hemorrhage, and edema. There was extensive
microvascular IgM and MAC deposition on the microvascular endothelium. Both aortic and
pulmonary valves were intact and immunohistochemistry of pulmonary and aortic valves

showed no signs of either IgM or MAC.

Example 3: Porcine Valves in Delayed Xenograft Rejection. To investigate the issue of
whether porcine valves are immune to attacks by other primate anti-porcine antibodies and
cell-mediated rejection (Platt et al, Xenotransplantation, 5:169-75. 1998), (Bach et al,
Immunol Today, 17:379-84. 1996) transgenic pigs expressing human CD59/DAF proteins
(n=3) were utilized as heart donors. These transgenic porcine hearts survived for 5, 7, and 11
days in baboon recipients. The xenografts became progressively edematous with weaker
contractility. Xenotransplant biopsies showed some microvascular IgM deposition on the day
of transplant and the intensity of staining_progressively increased until rejection, correlating
with increased microvascular thrombosis. There was no detectable MAC in early biopsies.
MAC deposition was highly detectable in explanted xenografts. Explanted xenografts
showed mild to moderate cellular infiltrate and extensive myocytic damage. Both aortic and
pulmonary valves from rejected xenografts were intact. There were no signs of cellular

infiltrate. The valve leaflets did not show either IgM or MAC deposition.

Except where explicitly described otherwise, terms used in the singular also are meant
to embrace the plural, and vice versa. Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are intended to be
encompassed by the following claims.

All references disclosed herein are incorporated by reference.

What is claimed is:
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Claims

1. A medical preparation comprising an isolated porcine cardiac valve leaflet, free of
contact with an exogenous fixative.
2. The preparation of claim 1, wherein the leaflet is packaged sterile in a container in an
extracellular solution.
3. The preparation of claim 2, wherein the extracellular solution contains
a cryoprotectant agent.
4. The preparation of claim 2, wherein the preparation is frozen.
5. A kit for implanting a cardiac valve leaflet into a patient comprising:

an isolated porcine cardiac valve leaflet, free of contact with an exogenous fixative,
packaged sterile in a container in an extracellular solution, and
written instructions for processing the isolated porcine cardiac valve leaflet for

implantation into a patient.

6. The kit for implanting a cardiac valve leaflet of claim 5, wherein the extracellular

solution contains a cryoprotectant agent.

7. The kit for implanting a cardiac valve leaflet of claim 5, wherein the leaflet is frozen.

8. A medical preparation comprising an isolated porcine cardiac valve leaflet, contacted
for a time with an amount of an exogenous fixative effective to prolong shelf-life versus an
uncontacted porcine cardiac valve leaflet, but wherein said time and amount are insufficient
to induce a calcification level of more than 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%
or 1% of an identical-interval, post-implantation calcification level of a porcine cardiac valve
leaflet contacted 6 hours with 0.65% gluteraldehyde; packaged sterile in a container in an

extracellular solution.

9. The preparation of claim 8, wherein the contact with the fixative is for equal to or less
than 120, 60, 30, 25, 20, 15, 10, 5, 4, 3, 2, 1, or 0.5 minutes.

10.  The preparation of claim 8, wherein the fixative is gluteraldehyde.
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11.  The preparation of claim 8, wherein the fixative is gluteraldehyde and contacts the
preparation for 2 hours or less.

12.  The preparation of claim 8, wherein the fixative is a solution of no more than 0.60%,

0.55%, 0.45%, 0.35%, 0.25%, 0.15%, 0.10%, 0.05%, 0.01% or 0.001% gluteraldehyde.

13.  The preparation of claim 8, wherein the fixative is ethanol.

14.  The preparation of claim 8, wherein the fixative is ethanol and contacts the

preparation for 1 hour or less.

15.  The preparation of claim 8, wherein the fixative is acetone.

16.  The preparation of claim 8, wherein the fixative is acetone and contacts the

preparation for 1 hour or less.

17.  The preparation of claim 8, wherein the extracellular solution contains

a cryoprotectant agent.

18.  The preparation of claim 8, wherein the preparation is frozen.

19. A cryopreserved implant comprising a frozen isolated porcine cardiac valve leaflet
with a predicted shelf-life of 13 months or more and a predicted post-implantation half life of

13 years or more when thawed and implanted into a patient.

20. The cryopreserved implant of claim 19, wherein the predicted post-implantation half

life of the implant is determined by the level of leaflet calcification post implantation.

21.  The cryopreserved implant of claim of 19, wherein the predicted level of implanted
valve leaflet calcification is 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, 1% or less of
the identical-interval post-implantation calcification of a porcine cardiac valve leaflet
contacted 6 hours with 0.65% gluteraldehyde; packaged sterile in a container.

22. A kit for implanting a cardiac valve leaflet into a patient comprising:
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an isolated porcine cardiac valve leaflet, contacted for a time with an amount of an

exogenous fixative effective to prolong shelf-life versus an uncontacted porcine cardiac valve
leaflet, but wherein said time and amount are insufficient to induce a calcification level of
more than 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, or 1% of an identical-interval,
post-implantation calcification level of a porcine cardiac valve leaflet contacted 6 hours with
0.65% gluteraldehyde; packaged sterile in a container in an extracellular solution, and
written instructions for processing the isolated porcine cardiac valve leaflet for

implantation into a patient.

23.  The kit for implanting a cardiac valve leaflet of claim 22, wherein the extracellular

solution contains a cryoprotectant agent.

24.  The kit for implanting a cardiac valve leaflet of claim 22, wherein the preparation is
frozen.
25. A method of preparing an isolated porcine cardiac valve leaflet for implantation into a

patient comprising:

contacting an isolated porcine cardiac valve leaflet for a time with an amount of an
exogenous fixative effective to prolong shelf-life versus an uncontacted porcine cardiac valve
leaflet, but wherein said time and amount are insufficient to induce a calcification level of
more than 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, or 1% of an identical-interval,
post-implantation calcification level of a porcine cardiac valve leaflet contacted 6 hours with
0.65% gluteraldehyde, and

packaging the contacted isolated leaflet sterile in a container in an extracellular

solution.

26.  The method of claim 25, wherein the contact with the exogenous fixative is for equal

to or less than 120, 60, 30, 25, 20, 15, 10, 5, 4, 3, 2, 1, or 0.5 minutes.

27.  The method of claim 25, wherein the fixative is gluteraldehyde.

28. The method of claim 25, wherein the fixative is gluteraldehyde and contacts the

preparation for 2 hours or less.
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29. The method of claim 25, wherein the fixative is ethanol.

30. The method of claim 25, wherein the fixative is ethanol and the fixative contacts the

preparation for 1 hour or less.

31. The method of claim 25, wherein the fixative is acetone.

32.  The method of claim 25, wherein the fixative is acetone and contacts the preparation

for 1 hour or less.

33.  The method of claim 25, wherein the extracellular solution contains a cryoprotectant

agent.

34.  The method of claim 25, further comprising freezing the isolated porcine cardiac

valve leaflet.

35. A method preparing an isolated porcine cardiac valve leaflet for implantation in a
patient comprising packaging the isolated porcine cardiac valve leaflet, which has not been

contacted with an exogenous fixative, sterile in a container in an extracellular solution.

36. The method of claim 35, wherein the extracellular solution contains a cryoprotectant
agent.
37. The method of claim 35, further comprising freezing the isolated porcine cardiac

valve leaflet.

38. A method of treating a patient comprising implanting into the patient one or more
isolated porcine cardiac valve leaflets which have been contacted for a time with an amount
of an exogenous fixative, wherein said time and amount are insufficient to induce a
calcification level of more than 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, or 1% of an
identical-interval, post-implantation calcification level of a porcine cardiac valve leaflet

contacted 6 hours with 0.65% gluteraldehyde.
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39. A method of treating a patient comprising thawing and implanting into the patient one

or more isolated porcine cardiac valve leaflets which have been contacted for a time with an
amount of an exogenous fixative, wherein said time and amount are insufficient to induce a
calcification level of more than 60%, 50%, 40%, 30%, 20%, 15%, 10%, 5%, 2%, or 1% of an
identical-interval, post-implantation calcification of a porcine cardiac valve leaflet contacted

6 hours with 0.65% gluteraldehyde.

40. A method of treating a patient comprising implanting into the patient an isolated

porcine cardiac valve leaflet that has not been contacted with an exogenous fixative.
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INTERNATIONAL SEARCH REPORT

int. . ational Application No

PCT/US 00/28645

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 A61L27/36 A0IN1/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

IPC 7 A6l1L AOIN A61F

Documentation searched other than minimum documentation to the exient that such documents are included in the fields searched

EPO-Internal, MEDLINE, WPI Data, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 99 37337 A (ST JUDE MEDICAL) 1,2,
29 July 1999 (1999-07-29) 8-16,
25-32,
35-40
page 4, line 19 - line 22
page 20, 1ine 1 - line 23; claims;
exampies
X GB 2 143 306 A (MITRAL MED INT) 8-12,
6 February 1985 (1985-02-06) 25-28,
38,39
page 2, line 53 - line 66; claims
X US 5 336 616 A (COLEMAN CHRISTOPHER ET 1-4,
AL) 9 August 1994 (1994-08-09) 35-37,40
column 3, 1ine 11 - Tine 38; claims;
examples 4,5
Sy
Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international e
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another e
citation or other special reason (as specified)

invention

"T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
invoive an inventive step when the document is taken aione

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

'0* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art. .
later than the priority date claimed *&* document member of the same patent family

Date of the actual completion of the international search

8 February 2001 28/02/2001

Date of mailing of the international search report

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Fax: (+31-70) 340-3016

Name and mailing address of the ISA Authorized officer

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, ESP I NOSA M
b

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

ir.  .ational Application No

PCT/US 00/28645

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication . where appropriate, of the relevant passages

Relevant to claim No.

P,X

P,X

CHEN R H ET AL: "Fresh porcine cardiac

valves are not rejected in primates."

JOURNAL OF THORACIC AND CARDIOVASCULAR

SURGERY, (2000 JUN) 119 (6) 1216-20. ,
XP002159809

the whole document

WO 00 25705 A (MURES CARDIOVASCULAR
RESEARCH) 11 May 2000 (2000-05-11)

examples

US 5 160 313 A (BROCKBANK KELVIN G M ET
AL) 3 November 1992 (1992-11-03)
column 2, line 37 - line 51; claims

US 5 882 850 A (KHOR EUGENE ET AL)
16 March 1999 (1999-03-16)

column 4, line 23 - line 27; claims;
exampie 1

WO 95 11047 A (UNIV MICHIGAN)
27 April 1995 (1995-04-27)
claims; examples

1,2,35,
40

8-16,
25-34,
38,39

1-4,
35-37,40

1-40

1-40

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Inv

ational Application No

PCT/US 00/28645

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9937337 A 29-07-1999 AU 2465899 A 09-08-1999
EP 1051204 A 15-11-2000

GB 2143306 A 06-02-1985 CA 1220001 A 07-04-1987
GB 2169386 A,B 09-07-1986

US 5336616 A 09-08-1994 AU 668703 B 16-05-1996
AU 3293493 A 19-08-1993
CA 2089336 A 13-08-1993
EP 0564786 A 13-10-1993
JP 6261933 A 20-09-1994
AT 164981 T 15-05-1998
AU 677845 B 08-05-1997
AU 6740594 A 22-09-1994
AU 650045 B 09-06-1994
AU 8379791 A 19-03-1992
CA 2051092 A 13-03-1992
DE 69129253 D 20-05-1998
DE 69129253 T 17-12-1998
EP 0475409 A 18-03-1992
ES 2114868 T 16-06-1998
JP 5126696 A 21-05-1993
us 5364756 A 15-11-1994
us 5780295 A 14-07-1998

WO 0025705 A 11-05-2000 AU 1219100 A 22-05-2000

US 5160313 A 03-11-1992 AU 1891892 A 30-12-1992
CA 2103025 A 15-11-1992
EP 0584195 A 02-03-1994
WO 9220300 A 26-11-1992

US 5882850 A 16-03-1999 AU 692330 B 04-06-1998
AU 4061595 A 11-07-1996
SG 35005 A 01-02-1997

W0 9511047 A 27-04-1995 us 5746775 A 05-05-1998
AU 701897 B 11-02-1999
AU 8099094 A 08-05-1995
BR 9407880 A 29-10-1996
CA 2174665 A 27-04-1995
CN 1136780 A 27-11-1996
EP 0729364 A 04-09-1996
IL 111351 A 11-04-1999
JP 9505216 T 27-05-1997
NO 961541 A 05-06-1996
NZ 275032 A 28-10-1998
ZA 9408299 A 22-07-1996

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

