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[0001]  This application claims priority to U.S. application serial no. 11/306,414 filed
December 27, 2005, U.S. application serial no. 11/162,715 filed September 20, 2005, U.S.
provisional application serial no. 60/597,009 filed November 3, 2005 and U.S. provisional
application serial no. 60/640,445 filed December 30, 2004, each of which is incorporated by
reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to the fields of tissue engineering and transplant biology.
BACKGROUND

[0003]  International Application No. PCT/U 82003/02925 1 (Publication No. WO
2004/027029 A2) to Beschorner et al. discloses a method for the production of chimeric
mammalian organs in which the incorporation of foreign replacement cells into a target
organ of a fetal mammal supported by a pregnant female is facilitated by the selective
killing of cells in the fetal target organ in response to a set of conditions, while the same
conditions do not kill cells of the corresponding organ of the pregnant female. In this ‘
manner, biological functions such as liver function can be disrupted in the fetus to facilitate
cellular replacement while the animal carrying the fetus is not injured and continues to
support the fetus and compensate for the loss of functions in the fetus.

[0004] Rhim et. al., Proc. Natl. Acad. Sci. USA, Vol. 92, 4942-46 (1995) discloses the
selective repopulation of the hepatocytic cell content of a mouse liver by normal xenogeneic
transplanted adult hepatocytes, in transgenic mice characterized by a defect in hepatic
growth potential and function.

SUMMARY

[0005]  The invention provides methods for the cellular reconstitution of organs and
tissues with replacement cells of a selected species. In one aspect, the invention provides
improved methods for the production of chimeric human, non-human organs and tissues in
non-human mammalian hosts and for the production of at least substantially completely
human organs and tissues in non-human mammalian hosts.

[0006]  One aspect of the invention provides a method for reconstituting a donor organ
with replacement cells, that includes the steps of: transplanting a donor organ or tissue, such
as a solid organ or tissue, or part thereof from a human or non-human mammal donor to a
non-human mammal host that supports the donor organ or tissue in a living state, wherein,
at least part or at least substantially all, of the cells of the donor organ or tissue are at least
substantially selectively killable; selectively killing at least some of the donor organ or

tissue cells; and introducing replacement cells into the donor organ or tissue to replace
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expresses a suicide gene under control of a broad-activity promoter so that the donor cells
are thereby killable in response to a set of one or more conditions, the cells of the non-
human host mammal and the replacement cells are not killable in response to the set of one
or more conditions that kills the donor cells, and the step of selectively killing at least some
of the donor cells comprises application of the set of one or more conditions.
[0007] In another variation, the step of selectively killing the donor cells is performed
after the donor organ or tissue is transplanted into the host. The step of introducing
replacement cells into the donor organ or tissue may be performed before and/or after
transplanting the donor organ or tissue into the host. In one embodiment, the replacement
cells are introduced into donor mammal where they incorporate into the donor organ or
tissue.
[0008] A related aspect of the invention provides a method for reconstituting a donor
organ with replacement cells, that includes the steps of: transplanting a solid organ, such as
a kidney, lung, heart, liver, and pancreas, or solid tissue or solid part thereof from a human
or non-human mammal donor into a non-human mammal host that supports the donor organ
or tissue or part thereof in a living state; selectively killing at least some of the native donor
organ or tissue cells after the donor organ or tissue is transplanted into the host; and
introducing replacement cells, such as human replacement cells, into the donor organ or
tissue or part thereof, before and/or after the organ or tissue or part thereof is transplanted to
the host, the replacement cells being capable of replacing at least some of the endogenous
cells or cell types of the donor organ or tissue. Cellular reconstitution of the organ or tissue
or part thereof by the replacement cells is thereby promoted. . In one variation, the donor is
a non-human mammal and the step of introducing replacement cells into the donor organ or
tissue includes introducing stem cells into the donor mammal during a fetal or neo-natal
stage of development so that the solid organ or solid tissue or solid part thereof includes
stem cell-derived replacement cells already incorporated therein before it is transplanted to
the non-human host mammal. In another variation, the donor organ or tissue expresses a
suicide gene under control of a broad-activity promoter so that the donor cells are thereby
killable in response to a set of one or more conditions, the cells of the non-human host
mammal and the replacement cells are not substantially killable in response to the set of one
or more conditions that kills the donor cells, and the step of selectively killing at least some
of the donor cells comprises application of the set of one or more conditions.
[0009] Another aspect of the invention provides a method for reconstituting a donor
organ with replacement cells, that includes the steps of: transplanting a solid organ or solid
-2-
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mammal host that supports the donor organ or tissue or part thereof in a living state,
wherein the growth of at least some or at least substantially all of the cells of the donor
organ or tissue is selectively impairable in response to a set of one or more conditions, and
wherein the growth of the endogenous host cells and the replacement cells is not
substantially impairable by the set of one or more conditions; selectively impairing the
growth of at least some of the donor organ or tissue cells after the organ or tissue is
transplanted into the host by applying the set of one or more conditions; and introducing
replacement cells, such as human replacement cells into the donor organ or tissue or part
thereof, before and/or after transplantation of the organ or tissue or part thereof to the host.
[00010] A further aspect of the invention provides a method for obtaining a non-human
animal, such as a non-human mammal, wherein a desired trait is limited to a preselected
organ or tissue or part thereof supported by the animal, that includes the steps of:
transplanting a preselected solid organ or solid tissue or solid part thereof from a human
donor or a non-human animal donor, such as a non-human mammal, to a non-human animal
host, such as a non-human mammal host, wherein the solid organ or solid tissue or solid
part thereof is supported in a living state, wherein at least some of the endogenous cells
types of the transplanted donor solid organ or solid tissue or solid part thereof have a
desired trait, and wherein the endogenous cells of the host animal at least substantially do
not express the trait. The corresponding organ(s) or tissue(s) of the host may be left in place
or may be at least partially removed. In one variation, the donor and host are each non-
human animals of the same species, such as non-human mammals of the same species. In
another variation, the trait comprises inducible or constitutive expression of a negative
selection marker. In a more specific embodiment, the trait includes developmentally
regulated expression of a negative selection marker. In another variation, the trait
comprises susceptibility to cell-death or growth-impairment in response to a set of one or
more known or preselected conditions. A related variation further includes the step of
providing the set of conditions that cause cell the death or growth-impairment. In a
different variation, the trait includes the inducible or constitutive or developmentally
regulated expression of a preselected transgene that is not present, or at least substantially
not present, in a functional form in the genome of the host animal. The expression of the
transgene may, for example, be put under the control of a broad-activity promoter or one or
more cell type-specific promoters. In one embodiment, the preselected transgene isa

preselected suicide gene or a preselected growth-impairing gene.

-3-
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a living non-human mammal host; at least part of a solid organ or solid tissue transplanted
from a human or non-human donor mammal, supported in a living state by the host; and
replacement cells, such as human replacement cells, present in the at least part of the organ
or tissue from the donor mammal. In one variation, at least some of the donor mammal
cells of the at least part of the organ or tissue transplanted from the donor are selectively
killable or growth-impairable versus the endogenous host cells and the replacement cells.
[00012]  Still another aspect of the invention provides a method for reconstituting an
organ or tissue with replacement cells, that includes the steps of: providing at least one non-
human mammal embryo or fetus that is heterozygous or homozygous for a transgene
conferring organ or tissue specific expression of a suicide gene or any sort of negative
selection marker (trait), or otherwise having organ or tissue-specific expression of a
negative selection marker; and transferring the at least one embryo or fetus to a surrogate
mother animal (not the genetic parent of the embryo or fetus) of the same or a different
species that at least substantially does not express the transgene, for example, as a result of
lacking a functional copy thereof, or at least substantially does not express the negative
selection marker, the transferred embryo or fetus being supported in a living state by the
surrogate mother and continuing development within the surrogate mother. One variation
includes a further step of: during a fetal stage of development of the embryo or fetus,
introducing replacement cells, such as human replacement cells, directly or indirectly into
the organ or tissue of the fetus. In one variation, the replacement cells are introduced into a
fetus before the fetus is transplanted to a surrogate mother or upon the transplantation. In
another variation, the replacement cells are introduced into a fetus (that was transferred to
the surrogate mother or that is derived from a transferred embryo) after the fetus is
established within the surrogate mother. The step of incorporating replacement cells into
the organ or tissue may include introducing stem cells, such as human stem cells, into the
fetus. Endogenous cells of the organ or tissue of fetus may then be selectively killed or
growth-impaired to promote their replacement by the replacement cells.
[00013] A related aspect of the invention provides a non-human surrogate animal, that
includes: a non-human mammal surrogate animal; and a non-human mammal embryo or
fetus which is supported by the surrogate but which is not the progeny of the surrogate,
wherein the embryo or fetus is heterozygous or homozygous for a trait that imparts the
ability to selectively kill or growth impair at least some cells of a preselected organ or tissue
in response to a set of one or more conditions, and wherein the surrogate lacks the trait, so
that subjecting the surrogate having the transferred fetus or a fetus derived from the
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impairs cells of the preselected organ or tissue in the fetus and at least substantially does not
kill or growth impair corresponding cells in the host animal. In one variation the transferred
fetus or a fetus derived from the transferred embryo includes replacement cells, such as
human replacement cells, present in the preselected organ or tissue, wherein the
replacement cells are at least substantially not killable or growth impairable by the set of
one or more conditions.

[00014]  The invention also provides methods for culturing xenogeneic cells, in any form
(e.g. a solid or distributed, chimeric or non-chimeric organ or tissue or part of a body, stem
cells, etc.) in a non-human mammal host in which the transfer of one or more xenoantigens
from the host to the hosted xenogeneic cells is reduced and/or in which the transfer of one
or more tolerance-promoting biomolecules from the host to the hosted cells is promoted.
BRIEF DESCRIPTION OF THE DRAWINGS

[00015] Figures 1A, 1B and 1C are schematic representations of transgene constructs that
can be used to produce transgenic animals expressing suicide genes.

DETAILED DESCRIPTION

[00016] The invention provides, in part: transplantation-based methods for obtaining
organ and/or tissue-specific gene expression and/or phenotypes for solid organs and tissues
in a host animal, with respect to selected cell types and/or at least substantially all cell types
of an organ or tissue; methods for cellularly reconstituting solid organs and tissues with
replacement cells, such as human cells, for selected cell types and/or at least substantially
all cell types of an organ or tissue; modified non-human mammals for cellularly
reconstituting solid organs and tissues with replacement cells; and the cellularly
reconstituted solid organs and tissues.

[00017] According to one aspect of the invention, a selected donor organ and/or tissue
from a donor individual that include cells that can be killed or growth-impaired in response
to a set of conditions is surgically transplanted to a non-human host individual whose cells
are not killable or growth-impaired by the same set of conditions. The transplanted donor
organ or tissue is supported in a living state by the host. In this manner, a chimeric animal
in which at least some of the cells of selected donor organs or tissues can be selectively
killed or growth impaired is provided. In one embodiment, the donor individual and the
host individual are both mammals. According to another aspect of the invention, a chimeric
animal of this sort can be used to prepare organs and tissues that are at least partially

reconstituted by foreign replacement cells in the following manner. In one embodiment, the
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or solid tissue. The tissue may be a simple tissue or a complex tissue.
[00018] Foreign replacement cells capable of replacing the cells of the donor organ or
tissue can be introduced directly or indirectly into the donor tissue, before and/or after the
donor organ or tissue is transplanted into the non-human animal host. The engrafiment and
growth of the foreign replacement cells in the donor organ or tissue is facilitated by treating
the donor organ or tissue with the set of conditions that kills or impairs its cells. Such
treatment can be provided before and/or after the donor organ or tissue has been
transplanted to the host animal. In one embodiment, the donor individual and host
individual are each mammals and the foreign replacement cells are also mammalian. In a
related embodiment, the donor individual is a non-human mammal or a human being, the
host individual is a non-human mammal, and the foreign replacement cells are human cells.
In another embodiment, the donor and host individuals are each non-human mammals and
the foreign replacement cells are human cells.
[00019] In arelated aspect of the invention, a donor organ and/or tissue from a donor
individual that includes native cells that are growth-impaired (or impairable) is surgically
transplanted to a second non-human host individual whose cells are not growth-impaired (or
not similarly impairable). Again, the transplanted donor organ or tissue is supported in a
living state by the host. A chimeric animal of this sort may be used to prepare organs and
tissues that are at least partially repopulated by foreign replacement cells that have a
populative advantage versus the growth-impaired donor organ or tissue cells.
[00020]  One aspect of the invention limits the effect of cell death-promoting or growth-
retarding transgenes and/or genetic modifications (spontaneous or engineered) or
susceptibilities to selected donor organs and tissues or part thereof in a non-human mammal
host by transplanting a selected organ or tissue or part thereof having such a transgene or
genetic modification or susceptibility from a donor, such as a non-human mammal or a
human, to a non-human host, such as a non-human mammal host, not having the same such
transgenes or genetic modifications or susceptibility, so that the specific effect of the
transgenes or genetic modifications or susceptibility of the donor will only be felt upon the
donor organ or tissue in the host.
[00021]  For example, in a first strategy according to the invention, non-human transgenic
donor organisms can be provided that express a suicide gene or any other sort of negative
selection marker or system that allows the donor organ or tissue cells to be conditionally
and at least substantially selectively deleted (killed) versus the host cells. Ina second
strategy according to the invention, the donor organ or tissue is characterized by a
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lacks, for example, as a result of a genetic modification. This strategy can be used with any
type of donor and host but is particularly useful when the donor is a human being since, as
general matter, a functionally developed donor organ or tissue from a person cannot be
stably genetically modified on a large scale with a negative selection marker. For example,
a transgenic mammal host, such as a pig, can be produced that generally expresses the neo®
(neomycin/kanamycin resistance) gene, which confers resistance to the mammalian cell
selection agent G418 (Geneticin). A selected human donor organ or tissue is transplanted to
the mammal host where it is supported in a living state by the host. Since unmodified
human cells are susceptible to G418, cell death can be selectively induced across the cell
types of the human donor organ or tissue by administering G418 to the host animal
following transplantation to the host and/or before the human organ or tissue is placed
within the host. Where the goal is the progressive reconstitution of the human organ or
tissue with replacement cells, the replacement cells whether human or non-human can be
genetically modified to also be resistant to the selection agent so that engrafted replacement
cells are not killed during multiple rounds of administering the selection agent. In practice,
irrespective of which of the aforementioned strategies is used, care should be taken to avoid
administering a selection agent or otherwise inducing selection to such an extent that total
necrosis of the donor organ or tissue occurs as the graft could be lost. Appropriate dosage
regimens for particular organisms, organ/tissue types and selection mechanisms can be
determined empirically by a process of routine experimentation.
[00022] Several advantages are provided by various aspects of the invention, including
but not limited to the following.
[00023]  First, since cells of the corresponding host organ or tissue are not deleteriously
affected to a substantial extent, they can continue to function and support the host, despite
the deletion or impairment of donor organ cells or donor tissue cells. This is particularly
apparent in the case when the donor organ or tissue does not replace or does not entirely
replace the corresponding organ or tissue in the host. This may be achieved according to
the invention by heterotopic transplantation (without removing the corresponding host
organ or without removing all of it) of the donor organ or tissue to the host, or
hemiorthotopic transplantation where one paired organ of the host (e.g., a lung or a kidney
in a mammal) is replaced by a corresponding organ of the donor while the other one of the
pair remains in the host.
[00024] Hence, in contrast to Beschorner et al., the present invention does not require
that the recipient mammal for foreign replacement cells is a fetus supported by a pregnant
-7-
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host mammal that carries the mammalian donor organ or tissue that includes or will include
replacement cells can be at a fetal stage or at a post-birth stage of development.
[00025] Second, according to one aspect of the invention, for a given organ or tissue, a
more complete selective deletion and/or growth impairment against a broader spectrum of
cell types, and even at least substantially all of the cell types, constituting the donor organ or
tissue, can be achieved without requiring the identification of or use of organ or tissue or
cell-type specific promoters in order to obtain expression in each cell type constituting a
donor organ or tissue. Many organs and tissues are complex, consisting of more than one or
several different cell types. This advantage is illustrated in the following embodiment.
[00026] In one embodiment, a transgenic non-human donor mammal having a cell death
promoting suicide gene under the control of a constitutive or inducible, broad-activity
promoter (active in many or at least substantially all cell types of an organ or tissue of
interest or even of the entire organism, on a constitutive basis or upon induction) so that
cells die in response to a set of conditions is provided. A non-human mammal host in
which at least substantially all of the cells are not deletable in response to this set of
conditions is also provided. A selected organ or tissue is transplanted from the donor to the
host, where it is supported in a living state by the host. When it is desired, a plurality of cell
types in the transplanted donor organ or tissue can be deleted by providing the host with the
set of conditions to which the donor cells are sensitive, while the corresponding host cells
and/or the host cells in general are not deleteriously affected. Replacement cells can be
introduced into the host that comprises the donor organ or tissue before, after and/or during
the deletion of the donor cells and in any manner that results in the localization of at least
some of the replacement cells to the donor organ or tissue. In this manner, the replacement
of a broad range or at least substantially all of the cell types that constitute the donor organ
or tissue by the replacement cells is facilitated, while the endogenous organs and tissues of
the host, for example vascular endothelium and/or endothelium generally, are not
deleteriously effected.
[00027] A combination of different cell type specific promoters for a subject organ or
tissue, can also be used to facilitate the replacement of varying cell types with replacement
cells in a subject organ or tissue. Where such promoters are differentially inducible or drive
the expression of different types of suicide genes or negative selection markers, conditional
cell deletion of each of the subject cell types can be performed simultaneously or in a
staggered, progressive manner. A combination of a broad-activity promoter and at least one
cell type specific promoter can be also used to obtain a temporally staggered and specific
-8-
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with foreign replacement cells. In this case, deletion using the tissue-specific promoter(s)
can be performed before deletion based on the broad-activity promoter. The following
examples illustrate how this can be achieved, according to the invention.
Example — Different suicide genes
[00028] A transgenic non-human donor mammal, such as an ungulate, is provided in
which a first tissue cell-type specific promoter drives the expression of a first suicide gene,
whereby cells expressing the suicide gene are killed under a first set of conditions and in
which a second, broad-activity (constitutive or inducible) promoter drives the expression of
a second, different suicide gene, whereby cells expressing the second suicide gene are killed
by a second set of conditions that is different than the first set of conditions. The cell-type
specific promoter used will be active in at least one cell-type present in a tissue or organ that
will be engineered with replacement cells. For example, the first promoter can be a
mammalian Albumin promoter to drive expression of the first suicide gene in hepatocytic
cells of the liver. The organ or tissue, such as the liver, is then transplanted to a non-human
mammal host, such as another ungulate of the same or a different species, whose cells are at
least substantially not deletable by the first or second set of conditions, for example, as a
result of not having the same promoter-suicide gene constructs of the donor mammal. In a
first replacement procedure, the host mammal is then provided with the first set of
conditions to kill cells of the transplanted organ in which the first suicide gene is expressed
under control of the first promoter and a first set of replacement cells capable of replacing
the killed cells are directly or indirectly provided to the transplant for engraftment and
replacement therein. The first set of conditions may optionally be continued on an
intermittent or continuous basis to further facilitate replacement of the cells expressing the
first suicide gene by the first set of replacement cells. In a second replacement procedure,
the second set of conditions is provided to the mammal host to kill the remaining cells of the
transplant that originate from the donor and a second set of foreign replacement cells
capable of replacing these remaining cells is directly or indirectly provided into the
transplant. Again, the second set of conditions can continue to be provided on an
intermittent or continuous basis to further facilitate the engraftment of and replacement by
the second set of replacement cells.
[00029] Optionally, a non-human host mammal may also be transgenic, for example, so
that its cells are selectively deletable over the donor cells and over the foreign replacement
cells in response to a third set of conditions, which is different than the first and second sets
of conditions. This can be achieved, for example, by expressing a third suicide gene in the
-9-
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organ or tissue product that is obtained by engraftment and replacement of at least some
donor mammal cells can be cleared of unwanted host mammal cells that may be present
within the organ or tissue.
[00030] The process of clearing the product organ or tissue of any donor mammal cells
can be performed while the product organ or transplant is in the mammal host and/or after it
has been removed from the mammal host.
Example - Liver
[00031] A more specific variation of the previous example relating to providing a
chimeric non-human, human liver or an at least substantially, fully cellularly human liver is
provided for further illustration.
[00032] A transgenic pig donor, is provided in which a first, hepatocytic cell-specific
promoter (constitutive or inducible), such as the Albumin promoter drives the expression of
a first suicide gene, whereby cells expressing the suicide gene are killed under a first set of
conditions and in which a second, broad-activity promoter (constitutive or inducible) drives
the expression of a second, different suicide gene, whereby cells expressing the second
suicide gene are killed by a second set of conditions that is different than the first set of
conditions. Alternatively, instead of a suicide gene, a gene imparting replicative
deficiencies, such as the urokinase-type plasminogen activator (uPA) can be put under the
control of the Albumin promoter so that replacement cells have a selective repopulative
advantage versus the hepatocytic cells expressing uPA.
[00033] At least part of the liver of the transgenic donor pig is then transplanted, e.g.,
heterotopically or parallelotopically, to a host pig whose cells are at least substantially not
deletable by the first or second set of conditions, for example, as a result of not having the
same promoter-suicide gene constructs of the donor pig. In a first replacement procedure,
the host mammal is then provided with the first set of conditions to kill hepatocytic cells of
the transplanted liver and a first set of human replacement cells capable of replacing the
killed cells, such as human hepatocytes or human hepatocyte progenitor cells are directly or
indirectly provided to the donor liver for engraftment and replacement therein. The human
replacement cells are also not deletable by the first or second set of conditions. Further, the
human replacement cells may be non-transgenic or transgenic. The first set of conditions
may optionally be continued on an intermittent or continuous basis to further facilitate
replacement of the donor liver hepatocytes by the first set of human replacement cells.
[00034] In a second replacement procedure, the second set of conditions is provided to
the pig host to kill the remaining pig cells of the donor liver and a second set of human
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provided into the transplant. Pig cells remaining after the first replacement procedure will
be largely be non-hepatocytic cells of the liver in which the Albumin promoter does not
substantially drive expression of the first suicide gene such as biliary duct cells and portal
tract vessel cells. Again, the second set of conditions can continue to be provided on an
intermittent or continuous basis to further facilitate replacement by the second set of human
replacement cells.

Immunological tolerance

[00035] According to the invention, the host animal is at least substantially
immunologically tolerant of the transplanted donor organ or tissue and of the replacement
cells. In a related embodiment, the host animal and the donor organ or tissue are,
collectively, at least substantially immunologically tolerant of the replacements cells that
are introduced into the system. The invention is not limited to the manner by which a
suitably tolerant host animal is obtained or provided and any method or combinations of
methods can be used.

[00036] One manner in which a host tolerant of a donor organ or tissue can be obtained is
by using host and donor animals that are of or derived from the same or closely related
varieties of the same species. In a related embodiment, the host and donor animals are of or
derived from the same inbred line, or clonally related, so that the host and donor animals are
at least substantially congenic. The establishment of inbred lines and methods for cloning
are well established for non-human mammals, for example, rodents and ungulates. Host-
specific genetic and/or donor-specific genetic modifications to otherwise at least
substantially congenic host and donor animals, such as the expression of suicide genes or
resistance genes, will generally not affect the tolerance of the host toward donor cells and
are also considered at least substantially congenic herein. In the rare event that expression
of a donor-specific transgene negatively impacts the tolerance of the host toward donor cells
in the absent of other measures, the host can be conditioned to be tolerant to the transgene
product, for example, by introducing the transgene product or at least the problematic
epitopes thereof to the host during early development, such as during fetal development for
mammals.

[00037] One method provides a host suitably tolerant of human tissue by using a fetal,
non-human, mammal host, such as a fetal pig or sheep or rodent (mouse, rat, guinea pig,
capybara, etc.), since the fetal mammalian environment is tolerant to foreign human cells

and tissue. In this embodiment, the fetal non-human mammal is the host animal, but it
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donor and/or replacement cells following birth.
[00038]  Another method provides a host suitably tolerant of human tissue by providing a
post-birth-stage, non-human mammal host, such as a pig, that was contacted during fetal
development with cells from, or cellular antigens characteristic of, the type of donor that
will be used (in order to establish tolerance) and/or, similarly, replacement cells or
antigenically similar cells or cellular antigens characteristic of the replacement cells that
will be used. In one method, tolerance to foreign cells is imparted in a mammal host by
infusing bone marrow cells from the actual donor or same type of donor mammal (to impart
tolerance toward donor cells) and/or from a mammal from which the replacement cells will
be derived or one that is at least antigenically similar to the intended replacement cells (to
impart tolerance toward the replacement cells), into a fetal non-human mammal where they
may engraft. Following birth, such an animal has improved tolerance toward human
tissue/cells.
[00039] A further method provides a non-human host at a post-birth stage of
development that is suitably tolerant of donor and/or replacement cells by depleting the
immune system of the host using chemical treatment and/or irradiation. Optionally, the
ablated bone marrow of the host can be replaced with bone marrow of the type of donor
animal to be used and/or of the type of organism, such as human or non-human mammal,
from which the replacement cells are or will be derived. For example, X-ray or gamma-
radiation, sufficient to destroy at least substantially all of the host’s bone marrow can be
employed. Such methods are disclosed, for example, in U.S. 6,018,096, which is
incorporated by reference herein in its entirety. Chemical ablation, with or without
radiation, of at least substantially all of the bone marrow of the animal host using
myeloablative agents such as cyclophosphamide, busulfan or combinations thereof can also
be employed to obtain substantial tolerance to human tissue.
[00040]  Another method provides a non-human mammal host suitably tolerant of donor
and/or replacement cells by providing a host conditioned according the method of U.S.
6,296,846, which is incorporated by reference herein in its entirety.
[00041]  Another method provides a host suitably tolerant of donor and/or replacement
cells by providing a host that is genetically immunocompromised. Such a host may
comprise at least one genetic modification or mutation, intentionally introduced (e.g.,
targeted) or otherwise arising at any time in the past or in any previous generation, that
disrupts the host’s immune system. For example, non-human mammals homozygous for
mutations in the Ragl gene (recombination activating gene 1) are characterized by a
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methods, have been previously described and are well known in the art (Mombaerts, P. et
al., RAG-1-deficient mice have no mature B and T lymphocytes Cell, (1992) 68 (5), 869-77,
which is incorporated by reference herein in its entirety). Swine genetically modified to be
deficient in the Ragl gene are disclosed in U.S. Pub. No. 20050155094 (Appln. Serial No.

10/503,464), which is incorporated by reference herein in its entirety. Non-human

mammals homozygous for mutations in the Prkdc gene, known in the art as a type of SCID
(severe combined immune deficiency), are also characterized by a deficiency in both T -cells
and B-cells. Non-human mammals homozygous for mutations in the Foxn1 gene, known in
the art as nude mammals, are characterized by thymic dysgenesis with deficiency in T-cells
and partial defects in B-cell development. All three of these mutants are also characterized
by secondary immune defects relating, for example, to antigen presenting cells (APCs) and
natural Killer cells (NK cells).

[00042] Non-human mammals having further mutations in the Interleukin-2 Receptor
Chain and/or in Bo-microglobulin may also be used. For example, SCID/IL2 Receptor y
Chain™" or SCID/By-microglobulin™" non-human mammals may be used as hosts and/or
donors. See Ishikawa et al., Development of functional human blood and immune systems
in NOD/SCID/IL2 receptor {gamma} chain(null) mice Blood (2005) 106(5), 1565-1573,
and Yoshida et al., Human cord blood-derived cells generate insulin producing cells in vivo,
Stem Cells 2005 23(9): 1409-1416, each of which is incorporated by reference herein in its
entirety NOD/SCID/IL2 Receptor y Chain™" mice are available for purchase from The
Jackson Laboratory (Bar Harbor, Maine) as Stock #004048 subject to the consent of the

developer. NOD/Cg-Prkdc*™ B2m™""? mice are available for purchase from The Jackson
Laboratory as Stock #002570. Each of these lines is characterized by tolerance to human
cells and excellent engraftment and multi-lineage development of human cells therein. For
example, in Ishikawa et al. (2005), 1 x 10° Lin hCD34" cells or 2x10* LinhCD34"hCD38"
cells were transplanted into irradiated (100 cGy) GGTA1™'/N OD/SCID/IL2ry™! via a
facial vein within 48hrs of birth and gave rise to persistent, multi-lineage hematopoiesis.
An mRNA sequence of the mouse interleukin-2 receptor gamma chain has been reported as
Genbank accession no. D13821 [SEQ ID NO: 15; CDS at 8 to 1117]. Further, as reported
in Yoshida et al. (2005), human cord blood cells transplanted into NOD/SCID/B,-
microglobulin™" mice within 48 hours of birth can give rise to human, insulin-producing
cells therein.

[00043] For embodiments in which a non-human mammal donor is used, the donor may
optionally be made tolerant to the replacement cells, for example, by any of the methods
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within the donor or that may be transferred to the host animal with a donor organ or tissue,
will attack the introduced replacement cells. For example, a donor that is immunodeficient
as a result of physical, chemical and/or genetic techniques can be used. Alternatively, a
donor that is not severely immunodeficient but is made tolerant toward the replacement
cells can be used. Again, a method of introducing bone marrow cells from the organism (or
the type of organism) from which the replacement cells are derived into the donor where
they may engraft can, for example, be used to condition the donor immune system to
tolerate the replacement cells including after the donor organ or tissue has been transplanted
to the host.

[00044] A genetically modified, conditionally immunodeficient non-human mammal can
also be used as a suitably tolerant host animal (or donor animal) pursuant to conditionally
inducing the immunodeficiency. For example transgenic mammals including a transgene
construct in which expression of a protoxin-to-toxin converting enzyme type of suicide gene
is under control of a lymphocyte specific promoter, such as the jak3 (Janus kinase 3)
promoter, can be produced. T-cell and B-cell deficiency is conditionally induced by
providing the transgenic animal with the protoxin (prodrug). The production of such a
mammal is, for example, further provided by International Pub. No. WO 2004/027029 A2
and its corresponding U.S. national phase, Appln. Ser. No. 10/527,587, each of which is
incorporated by reference herein in its entirety.

[00045]  Another manner in which a non-human mammal host at least substantially
tolerant of human cells can be provided is by transplanting the human donor organ or tissue
to an immunologically privileged site in the host. Reported immune privileged sites
include, for example, the testes, the eye (anterior chamber, cornea, and retina), the brain and
the placenta. It has also been reported that xenogeneic tissue transplantations under a non-
human mammal host’s kidney capsule can, at least in some cases, avoid rejection.
Transplantation '

[00046] A donor organ or tissue, such as that from a human or a non-human mammal,
supported by an animal host according to the invention can be maintained in a living state
for any number of days. De novo and/or progressive reconstitution of the donor organ or
tissue with replacement cells can take place during any part of this time. Moreover, the
reconstituted organ or tissue can continue to be maintained in a living state in the host
animal. It can also be transferred to a further host animal if desired. The reconstituted

donor organ or tissue may be removed, i.e., explanted, from a non-human host when it is
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non-human host, and/or transplantation to a human being.

[00047] The surgical techniques required for the transplantation of various organs and
tissues from one individual to another, for example, from pig to pig, from human to human,
from pig to sheep, from pig to primate, or from primate to pig, such as from a human to a
pig are well developed. According to the invention, an organ or tissue from a human or
non-human mammal donor may be transplanted to any suitable location of a non-human
mammal host where it can be supported in a living state by the host. Blood supply to
vascularized organs and tissues or parts thereof can be established, for example, by
anastomosing host and donor arterial vessels to each other and, if required, host and donor
venous vessels to each other. Vascular grafts from the donor or host can also be used, if
needed, to provide inflow and outflow of blood to the donor organ or tissue in the host. For
smaller donor organs such as endocrine glands or thinner donor tissues such as skin, a
sufficient blood supply can, for example, be established over a short period by placing the
organ or tissue in contact with a vascularized site or surface of the host mammal.

[00048] Transplantations of donor organs or tissues, which will be at least partly
reconstituted with replacement cells according to the invention, can be performed in an
orthotopic, hemi-orthotopic, parallelotopic, or heterotopic manner. An orthotopic
transplant, as defined herein, is one in which the donor organ or tissue replaces at least one
of the same or homologous structures in the host. A hemi-orthotopic transplant, as defined
herein, is one in which the donor organ or tissue replaces one of a pair of the same or
homologous structures in the host. When the donor and the host are of the same species or
type, the functional anatomy between the donor and host will be the same or at least
substantially the same.

[00049] A parallelotopic transplant, as defined herein, is one in which the donor organ or
tissue is transplanted so that it receives blood from at least part of the same source of the
same or homologous structure in the host. Optionally, the blood drainage of the donor
organ or tissue can be to at least one of the same blood vessels as the endogenous host
structure or to an at least substantially corresponding vessel. Also optionally, the
homologous host organ or tissue that remains in the host can be surgically reduced in size if
desired.

[00050] A heterotopic transplant, as defined herein, is one in which the donor organ or
tissue is transplanted into the host in a location or environment that is not characteristic of

. the location of the organ or tissue in the donor.
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Hbo0sy] itidfoliowitigExtimplel illustrate surgical techniques for transplanting various

human or non-human mammal donor organs and tissues to a non-human mammal host for
the purpose of implementing the methods of the invention with the organ or tissue, but do
not limit the techniques that may be employed for each.
[00052] (1) Kidney. The kidney is a paired organ. It is therefore convenient to excise
one kidney from the host and transplant the donor kidney, along with a portion of the
attached donor ureter, by anastomosing the renal artery and vein of the donor kidney to the
abdominal aorta and inferior vena cava of the host, respectively, or to corresponding
structures of the host. The donor ureter can be connected to the host bladder, for example,
by implanting it into the bladder via a submucosal tunnel. Both kidneys can also be
replaced if desired.
[00053] (2) Lung. The lung is a paired organ. It is therefore convenient to excise one
lung from the host and transplant a donor lung in its place by anastomosis with a pulmonary
artery and a pulmonary vein of the host’s heart. This step can be performed, for example,
by anastomosing a remaining section of pulmonary artery connected to the donor lung to a
section of pulmonary artery remaining connected to the host’s heart and similarly
connecting donor and host pulmonary vein sections. Generally, the transplanted lung
should be ventilated in the host to help preserve its structure and function by directly or
indirectly connecting it to the trachea (windpipe) or a corresponding structure of the host.
However, non-ventilated lung transplants are also within the scope of the invention. If
desired or required, a lobe or portion of the remaining host lung can be removed. Both host
lungs can also be entirely replaced if desired.
[00054] (3) Heart. In a first method, a donor heart is transplanted orthotopically in the
host by excising the host heart and anastomosing all of the necessary major arterial and
venous blood vessels of the donor heart to at least substantially corresponding vessels of the
host. It is well recognized in the art that the functional anatomy of ungulate hearts, and
especially that of porcine hearts, is quite similar to that of the human heart. In a second
method, a donor heart is transplanted heterotopically to a non-human mammal host, such a
sheep or cow, by anastomosing the aorta of the donor heart to the host carotid artery (e.g.,
end-to-side) and the pulmonary artery of the donor heart to the host jugular vein (e.g., end-
to-side).
[00055] (4) Liver. In a first method, a donor liver is transplanted orthotopically by
excising the host liver and anastomosing (i.) a remaining portion of the host hepatic artery
to a portion of the donor hepatic artery connected to the donor liver, (ii.) a remaining
portion of the host portal vein to a portion of the donor portal vein connected to the donor
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veins connected to the inferior vena cava or directly to the host inferior vena cava.

[00056] In a second method, a donor liver or a part thereof is transplanted
parallelotopically with respect to a host liver or a remaining part thereof so that each of the
livers receives at least part of the hepatic artery blood and the portal vein blood and each
drains directly or indirectly into the inferior vena cava. In a variation, the host portal inflow
can be split between the donor and host liver so that the donor liver is provided with

intestinal-pancreatic effluent and the host liver with gastric-splenic venous blood. (See,

e.g., Lilly et al., Split portal flow in heterotopic hepatic transplantation J Pediatr Surg. 1975
Jun; 10(3): 339-48.) Those skilled in the art will recognize that a variety of auxiliary liver
transplantation techniques are known in the art and can be readily adapted for parallelotopic
and heterotopic liver transplantation according to the invention.
[00057]  (5) Pancreas. In one method, a donor pancreas with at least a portion of donor
duodenum attached is transplanted to the host while the host pancreas is left in place. The
donor pancreatic artery and vein can be joined to the host’s iliac artery and vein,
respectively. The donor duodenum can be joined to the host’s small intestine to allow the
exocrine enzymes in the main pancreatic duct to enter. In a second related method, the host
pancreas is at least partially removed.
[00058] (6) Skin. Human skin may be hair-bearing (most of the body, e.g., the scalp) or
non-hair-bearing (e.g., palms of hands and soles of feet). Skin consists of three layers (from
outside to inside): the epidermis, the dermis (coreum) and a subcutaneous layer comprising
areolar and fatty connective tissue. Hair follicles and associated sebaceous (oil) glands are
present in hair-bearing skin. In humans, sweat glands are present in both hair-bearing and
non-hair-bearing skin. A section of donor skin, such as human skin, including the
epidermis and dermis only or the epidermis, dermis and at least part of the subcutaneous
layer can be surgically transplanted to a region of a non-human mammal host where the host
skin has been at least partly removed. The transplanted skin can be bandaged to ensure
good contact with the prepared region of the host to promote the establishment of
circulation.
[00059] (7) Bone. The blood vessels of bone are numerous. Those of the compact tissue
are derived from a close and dense network of vessels ramifying in the periosteum. From
this membrane vessels pass into the minute orifices in the compact tissue, and run through
the canals which traverse its substance. The cancellous tissue'is supplied in a similar way,
but by less numerous and larger vessels, which, perforating the outer compact tissue, are
distributed to the cavities of the spongy portion of the bone. In the long bones, numerous
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the arteries of the larger set of vessels referred to; but the most numerous and largest
apertures are for some of the veins of the cancellous tissue, which emerge apart from the
arteries. The marrow in the body of a long bone is supplied by one large artery (or
sometimes more), which enters the bone at the nutrient foramen (situated in most cases near
the center of the body), and perforates obliquely the compact structure. The medullary or
nutrient artery, usually accompanied by one or two veins, sends branches upward and
downward, which ramify in the medullary membrane, and give twigs to the adjoining
canals. The ramifications of this vessel anastomose with the arteries of the cancellous and
compact tissues. In most of the flat, and in many of the short spongy bones, one or more
Jarge apertures are observed, which transmit to the central parts of the bone vessels
corresponding to the nutrient arteries and veins. The veins emerge from the long bones in
three places: (1) one or two large veins accompany the artery; (2) numerous large and small
veins emerge at the articular extremities; (3) many small veins pass out of the compact
substance. In the flat cranial bones the veins are large, very numerous, and run in tortuous
canals in the diploic tissue, the sides of the canals being formed by thin lamellae of bone,
perforated here and there for the passage of branches from the adjacent cancelli. Gray,
Henry. Anatomy of the Human Body. Philadelphia: Lea & Febiger, 1918; Bartleby.com,
2000.

[00060] Orthotopic and heterotopic transplantations of various bones or parts thereof to a
host may be made by anastomosing the major arteries and veins of the donor bone to
suitable arteries and veins of the host. Depending on the size of the graft, the donor bone
may be anastomosed under magnification to the host femoral artery and veins, for example
in an end-to-side fashion. See, e.g., Lee et al., Use of swine model in transplantation of

vascularized skeletal tissue allografts, Transplantation Proc. (1998) 30, 2743-2745, which is

incorporated by reference herein in its entirety.
[00061] (8) Blood vessels. A donor blood vessel may, for example, be transplanted in an
orthotopic or heterotopic manner to a host so that blood flow through the vessel is
established in the host.
[00062] (9) General sites for heterotopic transplantation of donor organs or tissues
include, for example, the kidney capsule, subcutaneous space, and splanchnic vasculature
generally. It is well known in the art that the kidney and its capsule provide a highly
vascularized environment into which numerous sorts of organs and tissues, or parts thereof,
can be heterotopically transplanted and supported in a living state. Subcutaneous
transplantation of tissue into a host mammal is also well known in the art. The splanchnic
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vaschlatute 1§ fecoghizdd as's général site for grafting or otherwise obtaining a circulatory
connection between a donor organ or tissue and the host’s circulatory system. Accordingly,
a donor organ or tissue or part thereof can, for example, be heterotopically transplanted
under the kidney capsule of a non-human mammal host, transplanted subcutaneously in the
host, or grafted or otherwise connected with a host’s splanchnic vasculature, in order be
supported in a living state by the host.

[00063] Surgical transplant techniques for transplanting human and also non-human
mammal organs or tissues into a human being are well established. These techniques are
readily adaptable for embodiments of the invention in which a human or non-human
mammalian donor organ or tissue that has been hosted in, and at least partially reconstituted
by replacement cells in a non-human mammal host is later transplanted to a human being.
[00064] In one embodiment of the invention, a donor brain or a substantial part thereof is
expressly excluded from the organs and tissues that may be at least substantially cellularly
reconstituted with human cells according to the facilitated cellular reconstitution methods of
the invention. A related embodiment expressly excludes the at least substantial cellular
reconstitution of a donor brain or a substantial part thereof with human neurons.
Replacement cells and their introduction into a donor organ or tissue

[00065] Replacement cells as referred to herein are cells capable of proliferating in a
donor organ or tissue into which they are introduced and at least partially replacing at least
some of the mature native donor cell types of the organ or tissue. For example,
differentiated cells capable of proliferating and reconstituting an organ or tissue can be
used, as well as any kind of immature or undifferentiated cell type that can mature or
differentiate in the organ or tissue to replace endogenous mature cells of the organ or tissue.
Replacement cells may be of any suitable type including, but not limited to, differentiated
cells, progenitor cells, tissue-specific stem cells, multipotent stem cells, and omnipotent
stem cells. Thus, it should be understood that the term “replacement cells” as used herein
may encompass not only the cells in the state in which they were originally introduced into
a donor mammal or its organs or tissues or parts thereof, but also cells derived from the
introduced cells by the processes of cell division and/or differentiation and/or
dedifferentiation. The replacement cells may be from the same species or from a different
species as the donor organ and/or host animal and may be primary cells or cells of a cell
line. For example, in one embodiment of the invention, human replacement cells are
introduced into a human or non-human mammal donor organ or tissue, before and/or after

the organ or tissue is transplanted into a non-human mammal host that supports the organ or
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tlssulb in ividg State fi the'iost"Foreign replacement cells can be genetically modified or
unmodified, for example, transgenic or not transgenic.

[00066] Many organs and tissues consist of more than one mature cell type. Certain
types of replacement cells are only substantially capable of replacing less than the total
number of mature cell types that characteristically constitutes a given organ or tissue. For
example, mature hepatocytes used as replacement cells in a donor liver are generally
capable of replacing hepatocytic cells of the liver but not the other types of cells, such as
biliary cells, constituting the liver. In one embodiment of the invention, for a given organ or
tissue, more than one type of replacement cell, at least one having an at least partially non-
overlapping potential with respect to another, is introduced into a donor organ or tissue so
that more than one cell-type of the tissue can be replaced. Multipotential or omnipotential
replacement cells can also be used, when available, to replace more than one cell type of a
given donor organ or tissue. For a given organ or tissue, such as the liver, a variety of
different types of replacement cells with different scopes of potential are known in the art.
[00067] Replacement cells can be introduced into a donor organ or tissue in any manner
or combination of manners and may be in any form or combination of forms. For example,
primary cells from a human or a non-human mammal provider can be obtained for use as
replacement cells in a corresponding donor organ or tissue. The primary cells may be of
mixed types as obtained or may be selected out and isolated or mixed as desired.
Advantageously, the use of the mixture of cell types present in a replacement cell provider
organ or tissue (“provider organ or tissue™) can provide most if not all of the types of
replacement cells necessary to at least substantially replace each of the types of cells of the
donor organ or tissue. As to the form that the primary cell replacement cells take, in one
embodiment, parts of a provider organ or tissue may be surgically transplanted into or
surgically combined with the donor organ or tissue. For example one or more plugs of
tissue from a provider organ or tissue can be transplanted into a corresponding donor organ
or tissue or a section of provider organ or tissue can be interfacially joined, surgically, with
a suitably prepared donor organ or tissue so that their internal structures are in contact. In
this manner, the histological arrangement of cells in the transplanted parts of the provider
tissue is not substantially disturbed. In another example, a patch of provider skin can be
transplanted within a patch of donor skin, or a section of a liver with a cut face can be
surgically joined to the cut face of a donor liver. In another embodiment, a cell suspension
of single cells and/or aggregates is formed from part or all of a provider organ or tissue and
the suspension is introduced into the donor organ or tissue, either directly, and/or indirectly,
for example, by infusing the suspension into the blood stream of the host animal after the
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stream of a donor animal before the donor organ or tissue is transplanted to the host animal.
For example, pancreatic islets or a general suspension of pancreas cells from a provider
pancreas are infused into a donor pancreas and/or one or more plugs of a provider pancreas
are inserted into a donor pancreas. A suspension of provider vascular endothelial or organ
endothelial cells can be contacted with, for example by infusion or perfusion, donor organ
or tissue endothelium. In another embodiment, replacement cells can be introduced into a
fetal or post-birth donor mammal where they integrate into one or more organs or tissues of
the donor mammal to form one or more chimeric organs or tissues that include cells of the
donor mammal and the replacement cells. In this manner, replacement cells are already
present in a donor organ or tissue when it is explanted from the donor mammal. Any
suitable techniques such as those employing catheters or needles may be used to directly or
indirectly infuse or inject a suspension of single cells and/or cell aggregates into a donor
organ or tissue or any desired location of a donor or host.

[00068] The following examples illustrate specific types of cells that can also be used as
replacement cells for particular donor organs or tissues.

[00069] Tissue-based stem cells have the ability to proliferate and differentiate into the
corresponding tissue cells. For example, pancreatic duct cells can differentiate into islets of
Langerhans. Hepatic oval cells can differentiate into hepatocytes. Adult stem cells and
certain tissue-based stem cells are characterized by plasticity, being capable of
differentiating into other types of cells. For example, hematopoietic stem cells can
differentiate into cells such as endothelial cells, neurons, glia, hepatocytes, cardiomyocytes,
renal tubular cells, pulmonary epithelium, intestinal cells, skin epithelium, bone, cartilage,
muscle, fat, and brain. Adipose stem cells can also differentiate into a wide variety of cell
types. Embryonic stem cells have the ability to proliferate and differentiate into any tissue.
Either the embryonic stem cells, cell lines produced from embryonic stem cells, or
progenitor cells derived from the embryonic stem cells or cell lines can, for example, be
used to reconstitute donor organs or tissues according to the invention. Methods for
providing differentiated stem cells are provided, for example, by U.S. 6,576,464. Methods
of differentiating human embryonic germ cells are provided, for example, by U.S.
6,562,619.

[00070] Bipotential embryonic liver stem cell lines, as shown in the mouse, can also
contribute to liver regeneration and differentiate as bile ducts and hepatocytes. Strick-
Marchand et al. Proc. Natl. Acad. Sci. USA June 1, 2004, vol. 10, no. 22, 8360-8365. U.S.
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herein in its entirety.
[00071] Myoblasts, which differentiate into smooth muscle, skeletal muscle or cardiac
muscle (cardiomyocytes) can be used as replacement cells for muscle tissues.
Cardiomyocytes can also be used as replacement cells for heart muscle.
[00072] Replacement cell provider animals or cell lines may be genetically modified, for
example to impart resistance to preselected selection agents and/or to eliminate
xenoantigens. In one embodiment, human replacement cells are genetically engineered to
express resistance to a selection agent. Such cells can be used in conjunction with a
similarly resistant host and a donor organ or tissue that is susceptible (not resistant) to the
selection agent.
[00073] Preferably, foreign replacement cells are introduced into the donor organ or
tissue in a substantially sterile manner. They may, for example, be introduced before,
during or after selectively and conditionally injuring native cells of the donor organ or
tissue, provided that the replacement cells survive after the injury occurs. In one
embodiment, the replacement cells are introduced into the donor or tissue after it has been
explanted from the donor but before it has been transplanted to the host. Optionally, one or
more further introductions of replacement cells into donor organ or tissue can be performed
after the organ or tissue is established in the host. In another embodiment, replacement cells
are introduced into the donor organ or tissue after it has been transplanted to the host.
Another embodiment of the invention provides that a donor tissue or organ is selectively
injured by a general method, such as radiation exposure, before it is transplanted into the
host. In a variation of this embodiment, replacement cells are introduced after the general
injury so that they are not harmed by the injury. In a further variation, further selective and
conditional deletion of the donor organ or tissue can be performed after it has been
transplanted to the host. |
Example — Replacement cells engrafted in donor organ or tissue after explantation
from the donor mammal
[00074] A CMV-xTK donor liver from a transgenic pig is transplanted orthotopically
into a substantially congenic host pig that does not express XTK and is supported in a living
state in the host. Once the donor liver in established in the host, ganciclovir is administered
intravenously to cause cell death in the donor liver. Human replacement cells capable of
regenerating the liver, such as hepatocytes, liver progenitor cells, or hematopoietic stem
cells are then introduced into the donor liver, for example, by infusion via the portal vein
and/or by direct injection. The replacement cells engraft into the donor liver. Further
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"rounts of ganciéloVir adiinistidtibn facilitate further replacement of the donor liver cells by
the replacement cells. In an alternative case, one or more human liver plugs is inserted into
the donor liver before it is transplanted into the host. Rounds of ganciclovir administration
to the host are again used to facilitate further replacement of the donor liver cells by the
replacement cells (originating from the plugs).

[00075] In cases where a suspension of replacement cells is introduced, the optimal
number of cells introduced depends on the source and can be determined by routine
experimentation. For fetal pigs, replacement cells can, for example, be introduced at 52
days gestation or seven days after the prodrug is administered (range 25 to 114 days
gestation). A human hepatocyte dose of 5 x 10%fetus (range 1 x 10° to 5 x 107 cells/fetus)
can, for example, be used. A liver stem cell dose of 5 x 10°/fetus (range 1 to 5 x 107/fetus)
can, for example, be used. Bone marrow and umbilical cord blood also provide sources of
pluripotential progenitor cells that can differentiate into hepatocytes. A human cord blood
dose of 2.5 x 107 nucleated cells/fetus (range 1 x 10 to 10) can, for example, be used.
[00076] In one embodiment of the invention, replacement cells, such as human
replacement cells, are introduced into a non-human donor mammal, such as a pig, sheep or
rodent (e.g., mouse, rat, guinea pig, capybara, etc.), at a preimmune fetal stage where they
incorporate into organ(s) and/or tissue(s) of interest to form chimeric organs and/or tissues
that include cells derived from the introduced replacement cells and the donor mammal’s
own cells. The donor mammal cells are selectively deletable (or can be selectively growth-
impaired) versus the replacement cells and versus cells of a host mammal into which the
chimeric organ will be transplanted, for example, by virtue of expressing a suicide gene as
described herein, or by not expressing a resistance mechanism that is present in the
replacement cells and the host mammal, as described herein. In the case where the donor
mammal cells express a suicide gene or growth-retarding gene, the regulatory units driving
expression of the gene may consist of one or more broad-activity promoters (constitutive or
inducible) and/or one or more tissue or cell-type specific regulatory units (constitutive or
inducble), as described herein. During the fetal stage or at any stage after birth, the
chimeric donor organ or tissue that already includes replacement cells is transplanted to a
mammal host, for example, a non-human mammal host, such as by any of the methods
described herein, where it is supported in a living state. Once the chimeric donor organ or
tissue is established in the host, it can be subjected to one or more rounds of the conditions
that selectively delete (or impair) the donor mammal cells in the chimeric organ, thereby
facilitating a progressive and selective repopulation of the organ or tissue by the
replacement cells that are present in the organ. The selective deletion of the donor cells
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begun before the donor organ is transplanted to the host mammal and/or immediately on
transplantation to the host mammal.

[00077] The following example illustrates a variation of the embodiment employing a
sheep donor and host and human replacement cells to produce a human cell populated liver.
Example — Replacement cells incorporated in donor organ or tissue before
explantation from the donor mammal

[00078] A transgenic sheep fetus (or alternatively a transgenic pig fetus) is provided that
expresses a suicide gene under control of a constitutive, broad-activity promoter, such as the
CMV-XTK transgene, and which has reduced expression of at least one xenoantigen (with
respect to human tolerance of xenogeneic material) and/or is transgenic for expression of at
Jeast one transferable tolerance-promoting biomolecule, such as hDAF and/or MIRL. The
fetus is carried by a pregnant female.

[00079] Human cells capable of giving rise to hepatocytes, to other liver cells and/or to
hematopoietic cells in the sheep fetus are provided for introduction into the fetus during its
preimmune stage. Such human cells include, but are not limited to, fractionated or non-
fractionated preparations of adult human bone marrow, umbilical cord blood cells, placental
stem cells, and mobilized peripheral blood stem cells. Sheep fetuses are preimmune until
about day 77 of gestation. The preparation and transplantation of the replacement cells
may, for example, be carried out according to the method of U.S. Pub. No. 20020100065,
which is incorporated by reference herein in its entirety. Human bone marrow or cord
blood may, for example, be fractionated, such as by magnetic cell separation and/or
fluorescence-activated cell sorting, to enrich for selected phenotypes, such as those
associated with hematopoietic stem cells, e.g., CD34" Lin” phenotypes. Unfractionated
human bone marrow or human umbilical cord blood may, for example, also be used.
[00080] Preimmune fetal sheep at 55-60 days of gestation are injected with a replacement
cell preparation such as 1 x 10%to 1 x 10 (e.g., 2.5 x 107) nucleated human cord blood cells
per fetus unfractionated by phenotype, or 1-5 x 10° CD34" Lin human bone marrow cells
per fetus, 1.1 x 10° CD34" Lin” human cord blood cells per fetus or 1.1 x 10° CD34, Lin’
human cord blood cells per fetus by any suitable method, for example, intraperitoneally
using a 25 gauge needle by the general technique described in Flake et al. Transplantation

of fetal hematopoietic stem cells in utero: the creation of hematopoietic chimeras Science,

Vol. 233, p. 766 (1986), which permits the injection of the fetus under direct visualization in
an amniotic bubble through a midline laparatomy incision. Following injection of the cells,
the myometrium is closed in a double layer and the pregnancy is allowed to proceed.
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example, according to standard procedures upon obtaining consent. Mononuclear cells can
be depleted of Lin" cells using mouse anti-hCD3, hCD4, hCD8, hCD1 1b, hCD19, hCD20,
hCD56, and human glycophorin A (hGPA) monoclonal antibodies (BD Immunocytometry,
San Jose, CA). Samples may be enriched for hCD34+ cells (or alternatively depleted of
hCD34+ cells) by using anti-hnCD34 microbeads (Miltenyi Biotec Inc., Auburn, CA).
[00082] Previous studies in sheep show that such transplants result in significant multi-
lineage human hematopoietic activity into all blood elements by about 1 month post-
transplant and in significant numbers of human hepatocytes at birth (about 3 months post-
transplant; 5-40% of total cellularity, depending on the phenotype and dosage of the
replacement cells). U.S. Pub No. 20020100065. Further, chimeric livers resulting from
such transplantations include not only human hepatocytes that retain functional properties of
normal hepatocytes, but also human endothelial and biliary duct cells, and secrete human
albumin into the circulation. Almeida-Porada, Formation of human hepatocytes by human
hematopoietic stem cells in sheep, Blood, (2004) 104(8) 2582-2590, which is incorporated

by reference herein in its entirety. The human cells persist on a long term basis.

[00083]  The chimeric solid organ or tissue developed within the fetal mammal (i.e., the
donor mammal) that bears the broadly-active expression of the suicide gene (such as the
chimeric liver of the example) is transplanted to a second non-human mammal (i.e., the
host) that does not bear expression of the same suicide gene, where it is supported in a
living state. The chimeric donor organ or tissue may be transplanted to the non-human
mammal host while the donor mammal is still at a fetal stage or at any stage following birth
of the donor mammal. Following transplantation, administration of the prodrug to the host
selectively kills the non-human cells of the chimeric organ or tissue that originate from the
non-human donor mammal without substantially harming the human cells of the chimeric
organ or tissue and without substantially harming the cells of the host, thereby promoting a
more complete cellularization of the transplanted solid organ or tissue with the human cells
versus the donor mammal cells. In this manner, a more cellularly human organ or tissue can
be obtained, such as an at least substantially entirely cellularly human organ or tissue. Such
an organ or tissue may, for example, be further transplanted to a human patient in need
thereof.

[00084] According to one embodiment of the present invention, an organ or tissue of
interest, such as a the liver, that has been engrafted with replacement cells to form a
chimeric organ or tissue, can be later transplanted to a host mammal (not expressing the
suicide transgene) where at least some of the donor mammal cells of the chimeric organ or
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(such as human replacement cells) that are present in the chimeric organ or tissue to
selectively populate the organ or tissue.
Multiple animal transplant procedures
[00085] In one embodiment of the invention, an individual non-human mammal serves as
both a donor of a solid organ or tissue or part thereof to another non-human mammal and as
a host for a solid organ or tissue or part thereof from a human or non-human mammal. The
invention further provides related embodiments in which at least two non-human mammals
are provided and of the at least two non-human mammals, at least two serve as both a donor
animal and a host animal. Such embodiments increase the efficiency of producing
cellularly reconstituted organs and tissues. For example, one embodiment includes the steps
of: providing a first non-human mammal that inducibly or constitutively expresses a first
suicide gene and a second non-human mammal that inducibly or constitutively expresses a
second suicide gene, wherein the set of conditions required to kill cells are different for the
first and second suicide genes; transplanting an organ or tissue or part thereof from the first
non-human mammal to the second non-human mammal and transplanting an organ or tissue
or part thereof from the second animal to the first animal, wherein the same organs or
tissues or part(s) thereof are transplanted between the animals (reciprocal symmetrical-type
transplant) and/or different organs or tissues or part(s) thereof are transplanted between the
animals (reciprocal asymmetrical-type transplant). The transplanted organs or tissues are
supported in a living state by their respective hosts. In this manner, for each of the animals,
the cells of the transplanted organs or tissues hosted therein can be selectively killed without
killing the host cells by providing the set of conditions that kill cells of the respective donor
animal cells to the respective host. The same or different promoters or promoter types may
be used to drive expression of the first and second suicide genes. The promoters may be
broad activity promoters, such as a universal promoter, and/or cell-type or tissue-type
specific promoters. An inducible growth-impairing gene that impairs replication and/or
health of cells or otherwise selectively disadvantages cells without killing them in response
to a set of conditions may also be used instead of one or more suicide genes.
[00086] In accordance with the facilitated cellular reconstitution aspects of the invention,
replacement cells, such as human replacement cells, may be introduced into the donor
organs or tissues by any method, such as before explantation from the respective donors, for
example, by introducing stem cells or progenitor cells into a donor animal during its fetal or
perinatal stage and/or after explantation from the donor by directly or indirectly introducing
replacement cells into a donor organ, before and/or after transplantation to the host. The
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different for the two animals and may be from the same source or different sources. In this
manner the selective killing or growth impairment of the endogenous cells of a donor organ
or tissue within its respective host promotes the selective reconstitution of the organ or
tissue by the replacement cells. After sufficient cellular reconstitution of the organ or tissue
by the replacement cells, the reconstituted organ or tissue may be explanted from the host.
Any contaminating host cells that may be present in the reconstituted organ or tissue may be
killed or impaired by then providing the conditions that kill or impair the respective host
cells.
[00087] In cases in which more than two non-human mammals are employed and
individuals act as both donors and hosts, organ or tissue transplants between the individuals
may be reciprocal (where two of the individuals exchange organs or tissues or parts thereof
with each other) and/or non-reciprocal (transplants are not received from the same
individuals to which transplants are given).
Selective deletion of donor cells and host cells
[00088] The invention provides embodiments in which cells of the donor organ or tissue
are conditionally and selectively killable (deletable) versus the host’s cells and the
replacement cells, in response to a set of one or more conditions. In this manner, the
invention provides that at least some of the donor cells of the donor organ or tissue can be
deleted in order to facilitate an at least partial reconstitution by replacement cells.
[00089] The invention also provides embodiments in which the host cells are deletable,
in response to a second set of conditions that is different than the first set of conditions, so
that host cells that may have infiltrated a reconstituted organ or tissue can be deleted
therefrom. The types of host cells that may migrate into and be present in a reconstituted
donor organ or tissue hosted according to the invention may include, for example,
fibroblasts, lymphocytes and/or other immune cells, vascular endothelial cells, and/or host-
derived organ or tissue-type specific cells corresponding to the human donor organ or tissue
type.
[00090] Various types of suicide gene strategies can be employed including, but not
limited to, the following cases:
[00091] Protoxin-to-toxin converting enzyme suicide genes. Examples of suitable
converting enzyme suicide genes include, but are not limited to, thymidine kinase (either
wild-type or comprising a mutation), cytosine deaminase, carboxylesterase,
carboxypeptidase, deoxycytidine kinase, nitroreductase, guanosine xanthin
phosphoribosyltransferase, purine nucleoside phosphorylase, and thymidine phosphorylase.
-27 -



10

15

20

25

30

35

WO 2006/074012 PCT/US2005/047291
“Hirthe dbdehite b die pidtekiti-(ptetrug), expression of the suicide gene produces no or little

adverse effects on normal cellular metabolism. The product of a converting enzyme type
suicide gene acts on a suitable prodrug, converting it into a toxin. In the absence of the
suicide gene product, the prodrug is relatively innocuous. Suitable prodrugs for thymidine
kinase include ganciclovir, 6- methoxypurine arabinoside, and (E)-5- (2-bromovinyl)-2'
deoxyuridine. A suitable prodrug for cytosine deaminase is 5-fluorocytosine. A suitable
prodrug for carboxylesterase is irinotecan. A suitable prodrug for carboxypeptidase is 4-([2-
chloroethyl] [2- mesyloethyl] amino) benzyol-L-glutamic acid. Suitable prodrugs for
deoxycytidine kinase include 4-ipomeanol cytosine arabinoside and fludarabine. Suitable
prodrugs for guanosine-xanthin phosphoribosyl transferase include 6-thioxanthine and 6-
thioguanine. A suitable prodrug for nitroreductase is 5-aziridin-2,4- dinitrobenzamidine. A
suitable prodrug for purine nucleoside phosphorylase is 6- methylpurine
deoxyribonucleoside. Suitable prodrugs for thymidine phosphorylase include 5'-deoxy-5-
fluorouridine and 1-(tetrahydrofuryl)-5-fluorouracil.
[00092] Cell death inducing suicide genes. Other sorts of suicide genes that can be
used according to the invention include those whose gene product, itself, causes or induces
cell death. Expression of such a suicide gene and hence cell death can be made conditional
by placing expression of the suicide gene under the control of an inducible promoter. One
type of cell death inducing suicide gene encodes a protein toxin, such as a diphtheria toxin,
that kills cells in which it is expressed. Another type of cell death inducing suicide gene
encodes an enzyme that acts on cellular substrates to cause or trigger cell death. For
example, suitable cell death causing enzyme genes include those encoding cytotoxic
proteases such as members of the ICE/CED-3 family of cysteine proteases and caspases,
such as Caspase 8h or Caspase 8i (disclosed in U.S. 6,172,190, which is incorporated by
reference herein in its entirety).
[00093] Signaling-activated suicide gene mechanisms. Transgenic animals engineered
so that contacting cells with a dimerizing agent (or clustering agent generally) activates a
signaling pathway causing cell death can also be employed for the present invention. For
example, the art provides transgenic animals in which contacting cells with rapamycin or
rapalog triggers apoptosis by clustering expressed transgenic fusion proteins that contain
intracellular domains of apoptosis mediator molecules, such as the Fas receptor or TNF-R1.
Suitable signaling mechanisms are provided, for example, by U.S. 6,649,595, U.S.
6,187,757 and U.S. Pub. No. 20030206891 (Appln. Ser. No. 10/341,967), each of which is
incorporated by reference herein in its entirety. In another example, transgenic animals
expressing proteins that contain intracellular domains of apoptosis mediator molecules, such
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or multivalent antibodies recognizing the preselected extracellular epitopes can be contacted
with cells expressing these proteins to proximalize (cluster) their intracellular domains and
thereby induce apoptosis of the cells.
[00094] Growth and replication-impairing gene expression. As described by Rhim,
expression of the protease, urokinase-type plasminogen activator (uPA) in hepatocytes
(under control of the Albumin promoter) causes replicative impairment and confers a
selective populative disadvantage to transgenic hepatocytic cells versus normal xenogeneic
hepatocytes introduced into the transgenic liver. In general, any sort of method or system
that impairs the replication/growth of the non-human mammal donor cells of interest in
comparison to the replacement cells may be used according to the invention.
[00095] Negative selection markers generally. In general, any sort of negative
selection marker or system that allows or enables the selective killing of non-human
mammal cells of interest can be used according to the invention. For example, where a
donor organ or tissue either naturally or as a result of genetic modification generally
expresses a cell surface epitope that is not expressed by the host or replacement cells,
cytotoxic agents can be preferentially targeted to the donor cells (versus the host and
replacement cells) using antibodies or other binding proteins that specifically bind the
epitope. One or more cytotoxic agents can, for example, be linked directly to such an
antibody or binding protein or an immunoliposome displaying the antibody or binding
protein and containing the cytotoxic agent(s) can be used to shuttle the agent(s) to the target
cells.
Resistance gene expression in host and/or replacement cells
[00096] Host and replacement cells having resistance to a chemical selection agent, for
example, as a result of genetically modifying the hosts and/or cells to express resistance
genes, can be used to obtain selective deletion of donor organ or tissue cells, for example,
by administering the selection agent to the transgenic host while it is supporting the donor
organ or tissue.
[00097] Expression of the aminoglycoside 3-phosphotransferase gene product (APH,
neo®, kan®) can be used to confer resistant to G418 (Geneticin®). G418 concentrations in
the range of, e.g., 10-1,000 mg/l such as 400 mg/l or 10-1000 mg/kg (drug weight to host
weight), such as 400 mg/kg can be used.
[00098]  Expression of bsd gene product (from Aspergillus terreus) can be used to confer
resistance to Blastocydin S. Blastocydin S concentrations in the range of, e.g., 1-100 mg/l
such as 10 mg/l effective or 1-100 mg/kg, such as 10 mg/kg, can be used.
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be used to confer resistance to Zeocin®, a member of bleomycin family. Zeocin
concentrations in the range of, e.g., 400-1000 mg/l or 400-1000 mg/kg can be used.
[000100] Expression of the Ziph gene product can be used to confer resistance to
Hygromycin B. Hygromycin B concentrations in the range of, e.g., 50-1000 mg/1 or 50-
1,000 mg/kg can be used.

[000101] G418, Blastocydin S, Zeocin and Hygromycin B are each effective as selection
agents for a number of different types of animal cells and each is known in the art to be
effective in mammalian cells. The suggested working concentrations are based on use for
mammalian cells. Effective concentrations and doses for any animal or cell type can be
determined by routine experimentation. Codon-optimized versions of these genes for
mammalian or other expression are known in the art and are commercially available.
[000102] Streptozotocin preferentially kills pancreatic islet cells and induces diabetes.
Transgenic non-human mammal hosts over-expressing the protein metallothionein in at
least pancreatic [beta]-cells, for example under control of a broad-activity promoter or the
insulin promoter, are resistant to streptozotocin. Chen et al. Overexpression of

metallothionein in pancreatic [beta]-cells reduces streptozotocin-induced DNA damage and
diabetes, Diabetes 50:2040-2046, 2001. Transgenic streptozotocin-resistant hosts can also

be provided, for example, by expressing streptozotocin-binding moieties such as peptides
and/or aptamers that sequester streptozotocin from its DNA target in the host cells. Suitable
dosage ranges of streptozotocin for destroying pancreatic islet cells include, e.g., 1-100
mg/kg, such as 30-60 mg/kg.
[000103] Promoters. Broad-activity promoters (with respect to cell types) for driving
gene expression, such as suicide gene expression, are those active in many cell types, at
least substantially in all cell types (a universal promoter), or at least active in at least
substantially all of the cell types that are relevant to a subject host, donor organ or tissue, or
provider cells from a replacement cell provider, as used in embodiments of the invention.
Broad activity promoters can be constitutive or inducible. The term “promoter” as used
herein should be construed broadly, for example, as including promoters and enhancers and
combinations thereof.
[000104] Suitable broad-activity constitutive promoters include, but are not limited to, the
MoMLV LTR, RSV LTR, Friend MuLv LTR, adenovirus promoter, neomycin
phosphotransferase promoter/enhancer, late parvovirus promoter, Herpes TK promoter,
SV40 promoter, metallothionen ITa gene enhancer/promoter, cytomegalovirus immediate
early promoter, and cytomegalovirus immediate late promoter. Suitable broad-activity
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inducible metallothionein gene promoter, a tetracycline repressor and/or activator based
inducible expression system (e.g., as provided by U.S. 6,252,136; 6,136,954; 5,912,411; and
5,589,362, each incorporated by reference herein in its entirety); a lac operon based
inducible expression system (e.g., as provided by U.S. Patent Appln. Publication
20040171824 (Appln. Ser. No. 10/469,881, which is incorporated by reference herein in its
entirety); or an ecdysone inducible expression system ( e.g., as provided by U.S. Publication
20020187972 (Appln. Ser. No. 09/949,278), which is incorporated by reference herein in its
entirety). The use of broad-activity regulatory elements, such as a universal promoter, to
drive suicide gene expression in donor organs or tissue simplifies the selective deletion of
the donor cells to facilitate reconstitution by replacement cells. Similarly, the use of a broad
activity promoter to drive expression of a positive selection marker such as a resistance
gene in host cells and replacement cells also simplifies the selective deletion of donor organ
or tissue cells where the donor organ or tissue cells are not resistant. The use of broad-
activity promoters also simplifies deletion of contaminating host cells that may be present in
a reconstituted organ or tissue. However, the invention also provides that one or a
combination of tissue or cell-type specific promoters and regulatory elements generally can
also be used. As referred to herein, tissue-specific and cell-type-specific transcriptional
regulatory elements, such as promoters and enhancers and combinations thereof, also
include tissue-preferred and cell-type preferred transcriptional regulatory elements. Tissue-
specific promoters may also be used in conjunction with broad activity promoters to obtain
sequential cellular replacements, as described hereinabove.
[000105] Numerous suitable tissue-specific and cell-type specific transcriptional
regulatory elements are known in the art. The identification and characterization of further
tissue-specific and cell-type specific elements, for a given tissue or generally, is a matter of
routine research and a common occurrence in the art. Accordingly, the following examples
are provided for illustration and in no way limit the invention to only those elements recited
herein.
[000106] Hepatocyte and/or hepatocytic cell-specific expression can be provided, e.g., by
the albumin promoter and, for fetal-specific liver expression, by the alpha-fetoprotein
promoter.
[000107] Muscle specific expression can be provided, e.g., by the myosin light chain-2
promoter, alpha actin promoter, troponin 1 promoter, Na'/Ca?* exchanger promoter,
dystrophin promoter, creatine kinase promoter, alpha7 integrin promoter, troponin C
promoter-enhancer , alpha B-crystallin/small heat shock protein promoter. Cardiac muscle
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atrial natriuretic factor (ANF) promoter.
[000108] Endothelial cell-specific expression can be provided, e.g., by gene promoters for
the fims-like tyrosine kinase-1 (Flt-1), intercellular adhesion molecule-2 (ICAM-2), von
Willebrand factor (vWF), and Vascular Endothelial Growth Factor Receptor-2 (Flk-1). The
Flt-1 promoter reportedly directs expression in all vascular beds except those of the liver.
[000109] Lung specific promoters include those for the various lung surfactant proteins,
such as the surfactant protein B promoter.
[000110] Expression in lymphocytes and/or their progenitors can be provided, e.g., by the
jak3 (Janus kinase 3) gene promoter or the LCK gene promoter, which normally drives
expression of a lymphocyte-specific protein tyrosine kinase.
[000111] Kidney-specific expression can be provided, e.g., by the Ksp-cadherin gene
promoter or the human PTH/PTHIP receptor gene kidney-specific promoter.
[000112] Epidermal cell specific expression can be provided, e.g., by the human epidermal
type 1 transglutaminase (TGase I) gene promoter (U.S. 5,643,746, incorporated by
reference herein in its entirety).
[000113] Adipose specific expression can be provided, e.g., by the fat-specific
promoter/enhancer of the fatty acid-binding protein gene, alpha-P2.
[000114] Pancreas-specific expression can be provided, e.g., by the endocrine pancreas-
specific insulin promoter (plus or minus the first intron), pancreas alpha-amylase promoters,
the pancreas-specific duodenum homeobox 1 (PDX-1) promoter; and the'exocrine pancreas-
specific promoter of the elastase I gene (Hall et al., J. Biotechnology (1993) 11: 376-379).
[000115] Numerous suicide gene expression constructs and methods including those
already described in the art can be employed for providing non-human mammals having
conditionally deletable (killable) cells, for use according to the invention. For example, the
following sequences and the methods provided by International Publication WO
2004/027029 A2 (International Application PCT/US2003/029251) can be used. SEQ ID
NO: 1 provides the sequence of the porcine albumin promoter. SEQ ID NOS. 2-5 provides
transgene constructs for the production of transgenic non-human mammals expressing a
preselected suicide gene. Specifically, SEQ ID NO: 2 provides a transgene construct
including a mutant form of the herpes thymidine kinase suicide gene (xTK) under control of
the liver specific porcine Albumin promoter and a poly-A addition signal sequence for the
transcript. SEQ ID NO: 3 provides a transgene construct including the suicide gene
cytosine deaminase (fCY) under control of the fetal liver-specific alpha-fetoprotein
promoter, and a poly-A addition signal sequence for the transcript. SEQ ID NO: 4 provides
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(xTK) under control of a broad-activity, constitutive cytomegalovirus (CMV) promoter, and
a poly-A addition signal sequence for the transcript. SEQ ID NO: 5 provides a transgene
construct including the suicide gene cytosine deaminase (fCY) under control of a broad-
activity, constitutive cytomegalovirus (CMV) promoter, and a poly-A addition signal
sequence for the transcript. For illustration, Figure 1 shows the arrangement of elements of
the transgene constructs of SEQ ID NO: 2 (Alb xTK), SEQ ID NO: 3 (AFP Fcy), and SEQ
ID NO: 4 (CMV xTK).
[000116] XTK is a mutated version of a Herpes simplex virus (HSV) thymidine kinase
gene characterized by the substitution of adenosine for cytosine at base positions 130 and
180. The nucleotide substitutions result in a codon changes from leucine to methionine and
prevent the phenomenon of male sterility that reportedly can occur with the unmodified
form. These mutations do not substantially impair enzymatic activity. The constructs of
SEQ ID NOS: 2-5 may also include the coding sequence for a form of green fluorescent
protein (GFP) under control of a universal promoter. GFP expression allows host cells to
be identified visually and be easily distinguished from human cells. However, GFP
expression is an optional feature that is not necessary for implementation of the invention.
[000117] Those skilled in the art will recognize that there are several methods for
producing transgenic animals and cell lines and that any suitable method can be employed.
Example - Production of transgenic pigs expressing a suicide gene
[000118] This example illustrates the production of transgenic pigs containing a suicide
gene expression construct using a somatic cell nuclear transfer technique, as known in the
art. Briefly, fibroblasts from 35-day-old fetal pigs are cultured and then transfected with a
suicide transgene construct (e.g., either a mutated thymidine kinase or cytosine deaminase
construct) using electroporation or any suitable technique. Colchicine is added to arrest the
transfected fibroblasts at the G2/M phase. Swine oocytes are isolated and enucleated. For
each of several or many enucleated oocytes, a transfected fibroblast is inserted in the
perivitelline space using a micromanipulator and electrofusion is then employed to
effectively transfer the donor fibroblast nucleus into the enucleated oocyte. Electrofusion
and activation can be performed simultaneously or activation can be performed after the
electrofusion step. In an alternative method of transfer, the somatic donor nucleus can be
microinjected into the enucleated oocyte, followed by activation. In either case, following
activation, the reconstructed embryos are implanted into surrogate sows at estrus. The
litters can be monitored by ultrasound. At term, the transgenic pigs may be delivered by
Caesarean section, if desired.
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using PCR. Expression of the transgene can be evaluated by Western blotting. The
transgenic pigs can be bred once they reach sexual maturity. Pigs homozygous for the
suicide gene construct can be obtained by breeding, if desired. Further transgenic pigs can
be obtained by breeding and/or cloning.
[000120] Suitable dosages for the administration of prodrugs and/or inducers of
transcription and/or multimerizing / dimerizing agents can be empirically determined as a
matter of routine experimentation. Suitable and optimal dosages may vary with different
types of hosts and expression constructs. For example, such agents may be administered to
a non-human animal host at a dose of 1-1,000 mg/kg, 1-100 mg/kg, or 5-50 mg/kg. For
pigs expressing thymidine kinase, an effective dose of ganciclovir can, e.g., be 1-1,000
mg/kg, 1-100 mg/kg, 5-50 mg/kg, or about 25 mg/kg. For ex vivo killing of non-human
host cells present in explanted humanized donor organs or tissues, a concentration range of
1-1000 mg/1, 1-100 mg/l, 5-50 mg/l or 20-50 mg/l can, for example, be used. For deleting
pig host cells expressing thymidine kinase from explanted humanized donor organs or
tissues, ganciclovir concentrations of 2-1000 mg/1, such as about 100 mg/1 can, for example,
be used. For ex vivo thymidine kinase-based negative selection using the prodrug 5-BrdU
(5-Bromo-2’-deoxyuridine), a concentration range of 1-1000 mg/l, 1-100 mg/l, or 25-30
mg/l, can, for example, be used.
[000121] In embodiments in which the process of selectively killing host cells is begun or
initiated while the reconstituted donor organ or tissue still remains in the host, the agent(s)
necessary for beginning or initiating such killing can be administered to the host by, for
example, intravenous injection. For example, in embodiments where expression of a
converting enzyme type of suicide gene is inducible, such induction can be begun before the
reconstituted donor organ(s) or tissue(s) are explanted. The prodrug can then be
administered also while the donor organ(s) or tissue(s) remain in the host and/or contacted
with the donor organ(s) or tissue(s) after removal from the host.
[000122] For ex vivo killing of host cells, the agents necessary for negative selection may
be prepared in liquid media that is contacted with the explanted organ or tissue, for
example, by immersion in such media and/or by perfusion with such media.
Reducing transfer of xenoantigens from the host to the reconstituted organ or tissue
[000123] Certain embodiments of the invention are based on the recognition that cell
surface antigens of a non-human mammal host can be transferred, by natural mechanisms,
to the cell surface of foreign cells that are resident within the host mammal. One
embodiment of the invention provides for reducing the expression of at least one
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foreign donor cells, organs and/or tissues and/or replacement cells that are resident in and
supported by the non-human mammal host. For example, the transfer of major
xenoantigens for humans, such as alpha-galactosyl epitopes, i.e., Gal.alpha.(1,3) Gal
epitopes, and/or minor xenoantigens for humans can be reduced.

[000124] As referred to herein, glycosylphosphatidylinositol-anchored. proteins are
proteins bound to the lipid bilayer of a membrane through either a
glycosylphosphatidylinositol anchor (GPI-anchor), which is a complex oligoglycan linked
to a phosphatidylinositol group, or a GPI-like-anchor, i.e., a similar complex oligoglycan
linked to a sphingolipidinositol group, resulting in the attachment of the C-terminus of the
protein to the membrane. Certain extracellular carbohydrate epitopes are also directly
linked to cell membrane lipids.

[000125] Glycosylphosphatidylinositol (GPI) anchored proteins are known to be
exchanged between the membranes of living cells in vivo, for example, from erythrocytes to
endothelium and vice versa. Medof et al., Cell-surface engineering with GPI-anchored
proteins, Cell Surface Eng’g (1996) Vol. 10, pp. 574-586; Kooyman et al. (1995) In vivo-

transfer of GPI-linked complement restriction factors from erythrocytes to endothelium

Science, Vol. 269, pp. 89-92. GPI-anchored proteins are also known to be exchanged
between the membranes of erythrocytes. Sloand et al. (2004) Transfer of

olvcosylphosphatidylinositol-anchored proteins to deficient cells after erythrocyte

transfusion in paroxysmal nocturnal hemoglobinuria Blood (12):3782-3788. See also:

Babiker et al. (2005) Transfer of functional prostasomal CD39 of metastatic prostatic cancer

cell origin protects cells against complement attack Prostate. 62(2):105-114; Dunn et al.

(1996) A knock-out model of paroxysmal nocturnal hemoglobinuria: Pig-a(-) hematopoiesis

is reconstituted following intercellular transfer of GPI-anchored proteins Proc Natl Acad Sci
U S A. 93(15):7938-7943; and Anderson et al. (1996) Intercellular transfer of a
olycosylphosphatidylinositol (GPI)-linked protein: release and uptake of CD4-GPI from

recombinant adeno-associated virus-transduced HeLa cells Proc Natl Acad Sci U S A.

93(12):5894-5898. GPI-anchored/associated biomolecules are believed to be transferred

between cells via cell-to-cell contact, via microvesicles and/or via microparticles, such as

lipoprotein particles. The present invention is not limited by the mechanism of intercellular
transfer. Proteins that are loosely embedded in the cell membrane, such as those with short
tails embedded in, but not traversing the cell membrane, may also be subject to intercellular

transfer by natural mechanisms.
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or tissues or parts thereof, are to be supported in a living state by a host mammal, at least
partially reconstituted with replacement cells and later transplanted or transferred to a
recipient mammal, such as a human patient, antigens transferred from the host mammal to
the donor material and/or replacement cells can contribute to immunological rejection of the
reconstituted organs or tissues by the recipient. Such xenoantigens can, for example,
include peptide epitopes of transferred proteins and/or carbohydrate epitopes present on the
transferred proteins, such as alpha-galactosyl epitopes and N-glycolylneuraminic acid
(NeuGc) epitopes, as well as carbohydrate epitopes directly linked to cell membrane lipids
or otherwise linked to the cell membrane.

Alpha-galactosyl epitopes

[000127] In the case where the host mammal is of the type that produces alpha-galactosyl
(Gal.alpha.(1,3)Gal) epitope modified proteins and/or lipids, such as an ungulate or rodent,
and the hosted cells comprise alpha-galactosyl epitope negative cells (i.e., cells not
producing alpha-galactosyl epitopes), such as human cells, the invention provides for
reducing or eliminating completely the amount of alpha-galactosyl epitopes transferred to
the epitope-negative cells by employing a non-human mammal host modified to reduce or
completely eliminate the expression of alpha-galactosyl epitopes on proteins and/or lipids.
[000128] Numerous methods for producing genetically modified animals having reduced
expression of alpha-galactosy! epitopes are known in the art including: (1) genetic knock-
out of the Gal.alpha.(1,3) galactosy! transferase gene (“alpha-galactosyl transferase gene;”
GGTAL1) by homologous recombination; (2) expression of transgenes encoding other
transferases, such as alpha-fucosyltransferase (e.g., human FUT1 and/or FUT2), that
compete with alpha-galactosyltranferase for substrate; and (3) expression of transgenes
encoding human N-acetylglucosaminyltransferase III which reduces formation of alpha-
galactosyl epitopes by inhibiting N-linked sugar branching. The term “expression” as used
herein with respect to a carbohydrate epitope xenoantigen relates to the amount of
presentation of the epitope in its xenoantigenic state. Accordingly, reducing the expression
of a carbohydrate epitope xenoantigen may, for example, be accomplished by reducing or
eliminating the activity of one or more enzymes that produce the carbohydrate epitope
xenoantigen, by providing enzyme activities that compete with substrate for such
carbohydrate xenoantigen-producing enzymes, by enzymatically cleaving the carbohydrate
epitope xenoantigen and/or by otherwise modifying the carbohydrate xenoantigen to a less

xenoantigenic structure or state.
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epitope expression and methods for producing them are provided, for example, by the
following patents or applications, each of which is incorporated by reference herein in its
entirety: U.S. 6,413,769; U.S. 6,331,658; U.S. 6,166,288; U.S. 5,821,117; U.S. 5,849,991;
U.S. Pub. No. 20040268424 (Appin.. Ser. No. 10/646,970); U.S. Pub. No. 20030203427
(Appln. Ser. No. 10/125,994); U.S. Pub. No. 20030068818 (Appln. Ser. No. 10/105,963);
U.S. Pub. No. 20020031494 (Appln. Ser. No. 10/254,077); U.S. Pub. No. 20030014770
(Appln Ser. No. 10/098,276) U.S. Pub. No. 20040073963 (Appln. Ser. No. 10/362,429);
U.S. Pub. No. 20040171155 (Appln. Ser. No. 10/762,888); and U.S. Pub. No. 2003013 1365
(Appln. Ser. No. 10/172,459). Mice homozygously deficient for the GGTA1 gene and
methods for making the same are, for example, provided by U.S. 5,849,991. Swine
homozygously deficient for the GGTA1 gene and methods for making the same are, for
example, provided by U.S. Pub. No. 20040268424. SEQ ID NO: 6 (CDS at 16 to 1128)
provides the mRNA sequence of a porcine alpha(l ,3)galactosyl tranferase gene (GGTAL).
Sheep and cow mRNA sequences for the GGTAI gene are provided in GenBank accession
nos. NM_001009764 [SEQ ID NO: 7; CDS at 11 to 1120] and NM_177511 [SEQ ID NO:
8; CDS at 469 to 1575], respectively. The mouse mRNA sequence for the GGTAL gene is
provided, for example, in Genbank accession no. NM_010283 [SEQ ID NO: 9; CDS at 445
to 1560].

[000130] Isogloboside 3 (iGb3) synthase is another enzyme that, in addition to alpha(1,3)-
galactosyltransferase, synthesizes Galoy(1,3)Gal motifs. In contrast to alpha(1,3)-
galactosyltransferase, iGb3 synthase preferentially modifies glycolipids over glycoprotein
substrates. (Keusch et al. (2000) Cloning of Gb3 synthase, the key enzyme in globo-series
glycosphingolipid synthesis, predicts a family of alpha 1, 4-glycosyltransferases conserved
in plants, insects, and mammals J.Bio.Chem. 275:25308-253 14.) iGb3 synthase acts on
lactosylceramide (LacCer (Gal.beta.1,4Glc.beta.1Cer)) to form the glycolipid isogloboid
structure iGb3 (Gal.alpha.1,3Gal.beta.1,4Glc.beta.1- Cer), initiating the synthesis of the
isoglobo-series of glycoshingolipids. Genetically-modified swine having reduced or
eliminated expression of iGb3 synthase and methods and sequences for producing the same
are provided, e.g., by U.S. Pub. No. 20050155095 (Appln. Ser. 10/981,935), which is
incorporated by reference herein in its entirety. The mRNA sequence of the rat iGb3
synthase gene has been reported in GenBank accession no. NM_ 138524 [SEQ ID NO: 10;
CDS at 78 to 1097] and that of the mouse gene in GenBank accession no. NM_001009819
[SEQIDNO: 11; CDS at 1 to 1113].
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T600131]""Aedotling {ttie'ifvéntton, the expression of a selected enzyme such as alpha-
galactosyl transferase (GGTA1), iGB3 synthase or CMP-NeuAc hydroxylase or a protein
xenoantigen may be reduced or completely eliminated in a non-human mammal host (or
non-human mammal or organ or tissue thereof generally) by post-transcriptional silencing
employing dsRNA (RNA interference, RNAi) and/or transcriptional gene silencing
employing dsRNA and/or by antisense methods. Double-stranded RNA molecules used for
such silencing may be produced within cells of the host from the host genome or from a
vector introduced into the cells and/or may be exogenously provided to the cells. Any of
the forms of dsSRNA that induce post-transcriptional silencing and/or transcriptional gene
silencing can be used including, but not limited to, siRNA (e.g., digestion products of an
RNAse III such as Dicer or similarly sized and configured short dsSRNA molecules), short
hairpin RNA, and designed microRNA (miRNA). The design and selection of effective
molecules and strategies for RNA silencing and antisense regulation of preselected targets is
well established in the art. Nucleotide sequences for porcine alpha-galactosyl transferase
(GGTAL) are provided, for example, by U.S. 5,849,991, U.S. 5,821,117 and U.S. Pub. No.
20030203427, each of which is incorporated by reference herein in its entirety.

[000132] It should further be understood that the reduction and/or elimination of
xenoantigens and/or xenoantigen-producing enzymes can be, but is not necessarily,
performed prior to the introduction of the human cells into the non-human mammal host.
For example, human cells may be introduced into a fetal non-human mammal host to
integrate into one or more organs and tissues of the host and following birth of the host, the
reduction or elimination of a xenoantigens and/or xenoantigen-producing enzyme may be
induced by any method, such as treatment with RNA silencing molecules that silence
expression of a xenoantigen or a xenoantigen-producing enzyme. A transgenic host may
also be provided in which RNA silencing of a xenonatigen or xenoantigen-producing
enzyme can be induced and/or in which the expression of an enzyme that cleaves or
interferes with production of a xenoantigen can be induced.

[000133] In one embodiment of the invention, the host and/or donor has reduced
expression of alpha(1,3)galactosy! transferase-synthesized Gal.alpha.(1,3)Gal epitopes, for
example, as a result of a modification and/or of treatment. In another embodiment, the host
and/or donor has reduced expression of iGb3 synthase-synthesized Gal.alpha.(1,3)Gal
epitopes, for example, as a result of a modification and/or of treatment. In a related
embodiment, the host and/or donor has reduced expression of both alpha(1,3)galactosyl

transferase-synthesized and iGb3 synthase-synthesized Gal.alpha.(1,3)Gal epitopes.
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Ji(%(]() 134) - AiblihBatactbsy1'Epribpes expressed on host cells that could be transferred to
cells that do not express such epitopes, as well as alpha-galactosyl epitopes already
transferred to cells that do not express alpha-galactosyl epitopes, can also be removed
enzymatically, for example, by alpha-galactosidase or endo-beta-galactosidase C. Such
enzymes can, for example, be infused intravenously into a host supporting a human donor
organ or tissue and/or expressed constitutively or inducibly in a suitable host. Enzymatic
removal of alpha-galactosyl epitopes is taught, for example, by U.S. 6,758,865; U.S.
6,491,912; U.S. 6,331,319; U.S. 6,046,379, and Maruyama et al., Xenotransplantation
11(5), pp. 444-51 (2004), each of which is incorporated by reference herein in its entirety.
[000135] In embodiments of the invention where human replacement cells are used to at
Jeast partially reconstitute a non-human mammal donor organ or tissue for later transplant to
a human, it is preferred that the donor organ or tissue is also negative for alpha-galactosyl
epitopes and/or other xenoantigens as described herein, especially if the final organ or tissue
product is chimeric, i.e., containing not only human replacement cells but also donor animal
cells. Where the replacement cells are non-human and the intended recipient is human, it is
also preferred that the replacement cells are negative for the xenoantigens. In a related
embodiment, the replacement cells or the provider thereof has reduced expression of
alpha(1,3)galactosyl transferase-synthesized and/or iGb3 synthase-synthesized
Gal.alpha.(1,3)Gal epitopes, for example, as the result of a modification and/or treatment.
N-glycolylneuraminic acid (NeuGe) epitopes

[000136] N-acetylneuraminic acid (NeuAc) and N-glycolylneuraminic acid (NeuGc) are
abundant forms of sialic acid that are found as cell surface carbohydrate modifications to
proteins and lipids. NeuGe is present in most animals with the notable exception of humans
and chickens. Thus, NeuGe is a xenoantigen with respect to the human immune system.
NeuGe is synthesized in vivo from N-acetylneuraminic acid (NeuAc) by the addition of a
single hydroxyl group by cytidine monophospho-N-acetylneuraminic acid hydroxylase
(CMP-NeuAc hydroxylase). According to the present invention, non-human mammals, or
organs or tissues thereof, with reduced or completely eliminated expression of NeuGe
epitopes can be produced by any suitable method such as (i.) genetic knockout of the CMP-
NeuAc hydroxylase gene by homologous recombination, (ii.) post-transcriptional RNA
silencing, dsSRNA-mediated gene silencing of transcription, and/or antisense techniques
against the CMP-NeuAc hydroxylase gene, and/or (iii.) enzymatic removal of NeuGe
epitopes using a suitable enzyme such as neuraminidase. Neuraminidase removes both
NeuGe and NeuAc cell surface epitopes. If desired, the NeuAc epitope can be regenerated
by further treatment with sialyltransferase, using cytidine monophospho-N-
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adétylieuraminic acid (CMPNeéirAc) as a substrate. The production of non-human
mammals genetically modified to eliminate CMP-NeuAc hydroxylase gene expression and
nucleotide sequences required therefor, as well as methods for enzymatic removal of
NeuGC epitopes are provided by U.S. Pub. Nos. 20030165480 (Appln. Ser. No.
10/135,919) and 20050223418 (Appln. Ser. No 10/863,116), each of which is incorporated
by reference herein in its entirety. See also International Pub. No. WO 2004/108904. SEQ
ID. NO: 12 (CDS at 1 to 672) is a partial mRNA coding sequence of the porcine CMP-
NeuAc hydroxylase gene, derived from U.S. Pub. No. 20030165480. The mRNA sequence
of the major and minor alternatively spliced forms of the mouse CMP-NeuAc hydroxylase
gene are provided by Genbank accession nos. AB061276 [SEQ ID NO: 13; CDS at 461-
21917 and AB061277 [SEQ ID NO: 14; CDS at 623 to 2353], respectively.
[000137] Animals or organs and tissues thereof that are characterized by reductions in
both alpha-galactosyl epitopes and NeuGe epitopes may also be used according to the
invention. In one embodiment of the invention, a double gene knock-out, non-human
mammal, for example an ungulate, that is homozygously negative for both alpha-
galactosyltransferase and CMP-NeuAc hydroxylase is used as a non-human mammal host
(and/or donor and/or provider of replacement cells). Heterozygous knockouts are also
within the scope of the invention. In another embodiment, the non-human mammal host
(and/or donor and/or provider of replacement cells) has either or both of the alpha-
galactosyltransferase and CMP-NeuAc hydroxylase genes knocked-out (homozygously),
and includes a transgene directing the expression of at least one tolerance-promoting
biomolecule. As an alternative to simple gene deletions, genetic knock-outs used according
to the invention may also be conditionally obtained, optionally in a tissue-specific manner,
using, for example, inducible recombinase expression methods and systems, such as the
CRE-LOX system, for gene deletion, as known in the art.
[000138] In addition to the intercellular transfer of xenoantigens from host cells to foreign
donor cells and/or foreign replacement cells, host xenoantigens can, at least in some
instances, also be present in a hosted human organ or tissue in the form of living or dead
host cells and/or fragments, such as cell membrane fragments, thereof. Accordingly, one
embodiment of the invention provides a method for causing hosted human cell-reconstituted
organs or tissues to be better tolerated upon transplantation to a human recipient by using a
non-human mammal host that is genetically modified to decrease or completely eliminate
the expression of at least one xenoantigen that is not intercellularly transferable from host to
donor cells or replacement cells, such as a xenoantigenic host transmembrane protein that is
not intercellularly transferable. Examples of xenoantigenic transmembrane proteins, with
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class I and MHC class I molecules.
Transfer of tolerance promoting biomolecules from host to donor organ or tissue
[000139] Another aspect of the invention provides a non-human host mammal modified to
express or increase its expression of at least one transferable “tolerance promoting”
biomolecule that when transferred to donor cells and/or replacement cells (human and/or
non-human) of a reconstituted donor organ or tissue, improves the tolerability of the
reconstituted product organ or tissue to the immune system of a preselected type of intended
recipient, such as a human.
[000140] Methods for expressing selected GPI-anchored proteins are well established. For
example, several complement inhibiting factors such as human or non-human forms of DAF
(decay accelerating factor; CD55), MIRL (membrane inhibitor of reactive lysis, CD59) and
MCP (membrane cofactor protein, CD46) occur in GPI-anchored forms. These complement
inhibitors are found, for example, on red blood cells and the endothelium, which is a critical
site for immunological tolerance or rejection. In one embodiment of the invention,
transgenic non-human host mammals expressing or having increased expression of (versus
normal endogenous expression) a human or non-human form of at least one of these GPI-
anchored complement inhibitors is employed as an animal host of a donor organ or tissue
that is or will be reconstituted with replacement cells. A related embodiment provides
expression of at least one tolerance-promoting biomolecule, such as a protein, that is not
naturally present, or increased expression of a tolerance-promoting biomolecule that is
naturally present, by a non-human mammal host, such as but not limited to at least one of
the listed complement inhibitors, whereby said expression results in transfer or increased
transfer of the tolerance promoting biomolecule(s) to at least some of the foreign cells (the
donor cells and/or the replacement cells) resident in the host mammal.
[000141] Further, methods for expressing the extracellular domain, or one or more
selected portions thereof, of a selected protein that is not regularly expressed in a GPI-
anchored form, as a GPI-anchored protein or a GPI-anchored fusion protein are well
established in the art and can be used according to the invention to create transgenic non-
human mammal hosts in which selected tolerance-promoting transgene products are
transferable to foreign cells resident in the host, such as donor cells and/or replacement
cells.
[000142] GPI-anchored proteins, like other membrane-associated proteins, are modified
by the addition of carbohydrate moieties. For example, human CD59 has a single N-
glycosylation site and a number of potential O-glycosylation sites. Rudd etal. The
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" edsolatinh ottt conipleftterit régulatory protein, human erythrocytes CDS9. (1997) J.

Biol. Chem., 272, 7229-7244. Accordingly, one embodiment of the invention provides a
non-human host mammal that is genetically modified to express a transferable tolerance
promoting biomolecule, such as hCD59, and which also has reduced expression of at least
one carbohydrate xenoantigen, such as alpha-galactosyl or NeuGe epitopes, €.g., as the
result of a modification such as a genetic modification as described herein. Such a host can
be used, in any manner described, to support human organs, tissues and/or cells in a living
state. Advantageously, the use of such a host prevents the modification of tolerance-
promoting biomolecules, such as tolerance-promoting proteins, with undesirable
carbohydrate xenoantigens and thus, prevents their transfer to the hosted human
organs,tissues and/or cells while improving the tolerance promoting effect of the transferred
tolerance-promoting biomolecule(s).

[000143] Another embodiment provides a method including the steps of hosting a
reconstituted chimeric or at least substantially human organ in a living state in a non-human
mammal host that is genetically modified to express at least one transferable tolerance-
promoting biomolecule that is subject to in vivo glycosylation and thereafter enzymatically
treating the organ or tissue product, for example, after explantation, to remove carbohydrate
xenoantigens, such as those transferred from the host to the organs or tissue product, for
example, those that may even be attached to the tolerance-promoting biomolecule(s).
[000144] The following examples illustrate various tolerance-promoting biomolecules for
expression in transgenic mammal hosts according to the invention and/or provide such
hosts.

[000145] U.S. 6,825,395 and U.S. Pub. No. 20030165480, each incorporated by reference
herein in its entirety, provide transgenic non-human mammals expressing hDAF.

[000146] U.S. 6,639,122, incorporated by reference herein in its entirety, provides
transgenic swine expressing HLA-D.

[000147] Transgenic mammals expressing membrane-tethered fusion protein forms of one
or both of the anticoagulants human tissue factor pathway inhibitor and hirudin can be used.

See Chen et al., Complete inhibition of acute humoral rejection using regulated expression

of membrane-tethered anticoagulants on xenograft endothelium. Am J Transplant. 2004
Dec; 4(12):1958-63 and U.S. 6,423,316, each of which is incorporated by reference herein

in its entirety.

[000148] Transgenic mammals expressing human HLA-G to protect from lysis by human

NK cells can be used. Human natural killer (NK) cells, which can directly lyse porcine

endothelial cells, play an important role in xenotransplantation. HLA-G is a nonclassical
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protecting susceptible target cells from lysis by NK cells. Wang et al., A study of HLA-G1

protection of porcine endothelial cells against human NK cell cytotoxicity. Transplant Proc.
2004 Oct; 36(8): 2473-4.

[000149] Transgenic mammals expressing cell surface human Fas ligand, which induces

apoptosis of Fas Receptor bearing cells, can be used. Rodriguez-Gago et al., Human anti-

porcine gammadelta T-cell xenoreactivity is inhibited by human FasL (Fas ligand)
expression on porcine endothelial cells, Transplantation. 2001 Aug 15; 72(3):503-9. Since

human cells of a human donor organ or tissue that has been supported in a non-human
mammal host can appear non-human to the immune system of a human recipient due to
transferred host antigens, the invention also provides that the host can express human FasL
that can be transferred to the human donor organ or tissues in order to limit immune
rejection against the human cells upon further transplantation to a human being. FasL
naturally occurs as a transmembrane protein. According to the invention, the extracellular
domain of human FasL, such as amino acids Leu 107 to Leu 281, can also be expressed as a
GPI-anchored protein or fusion protein, in a monomeric or multimeric form, either
constitutively or inducibly, in a transgenic non-human host mammal.

[000150] As described above, in addition to the intercellular transfer of xenoantigens from
host cells to donor cells and/or replacement cells, host xenoantigens can, at least in some
instances, also be present in a reconstituted organ or tissue product in the form of living or
dead host cells and/or fragments, such as cell membrane fragments, thereof. Accordingly,
one embodiment of the invention provides a method for causing reconstituted organs and
tissues to be better tolerated upon transplantation to a human recipient by using a non-
human mammal host that is genetically modified to express or increase the expression of at
Jeast one tolerance-promoting biomolecule, which is or is not intercellularly transferable
from host to donor cells. In this manner, the tolerance-promoting biomolecule(s) at least
partially ameliorates recipient immune reactions to xenoantigens present on the host cells or
fragments and thereby reduces the general recruitment of a negative immune response
toward the reconstituted organ or tissue in a human recipient. Host cell fragments and/or
extracellular matrix may be present in the reconstituted organ or tissue even after host cells
therein have been selectively killed if they have not had time to clear and/or have not been
actively cleared. Methods for clearing reconstituted human organs and tissues of host
antigens and cellular material are provided by further embodiments of the invention
described below.

Post-conditioning embodiments
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organs and tissues, such as those containing human replacement cells, that have been
supported in a living state in a non-human mammal host to be better tolerated by the
immune system of a preselected type of recipient, such as a human being. In one
embodiment, the reconstituted organ or tissue is isolated from the mammal host’s
circulation, for example, by explantation from the host, and is at least partially cleared of
xenogeneic (with respect to the preselected type of recipient) cells, xenogeneic cellular
material, xenogeneic extracellular material and/or xenogeneic antigens that may be present
in the organ or tissue. In a related embodiment, the treated organ or tissue is then
transplanted to the preselected type of recipient.
[000152] In one embodiment, major and/or minor xenoantigens from the non-human
mammal host that are present within the reconstituted donor organ or tissue, for example
membrane linked proteins and/or carbohydrate epitopes that were transferred from the host
to the engineered organ or tissue product or cellular debris of host cells are, at least in part,
passively cleared from the organ or tissue after isolation from the mammal host’s circulation
as a result of their natural turnover and degradation.
[000153] In another embodiment, the removal of xenogeneic material from the
reconstituted product organ or tissue is actively facilitated after isolation from the mammal
host. In one case according to the invention, the cells of the non-human mammal host are
selectively killable over the cells of the donor mammal and/or replacement cells and the
reconstituted organ or tissue is subjected to the conditions required to selectively kill
unwanted mammal host cells that were resident in the organ or tissue, e.g., by contacting the
organ or tissue with the necessary agent(s). The cellular debris that result from this killing
process may, for example, be at least partially cleared from the organ or tissue by perfusion
of the tissue after isolation from the host. Optionally, the debris may also be filtered out of
the perfusate, for example, in the case where the perfusate recirculates through the isolated
reconstituted organ or tissue.
[000154] In another embodiment, xenogeneic cell surface antigens that may be present
within the reconstituted organ or tissue are actively removed or modified enzymatically
after isolation from the mammal host by contacting the organ with a medium containing
enzymes, for example, by immersion in or perfusion with the medium. For example, the
invention provides that carbohydrate xenoantigens that may be present in the reconstituted
organ or tissue may be removed by perfusing the organ or tissue with a medium containing
an appropriate glycosidase, such as an alpha-galactosidase or endo-beta-galactosidase C
(EndoGalC) for removing alpha-galactosyl epitopes and/or neuraminidase for removing
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6,046,379 and Maruyama et al. Xenotransplantation. 2004 Sep; 11(5): 444-51; and for
NeuGe, see U.S. Publication 20030165480 (Appln. Ser. No. 10/135,919) - each of which is
incorporated by reference herein in its entirety.) These particular epitopes may, for
example, be present when the non-human mammal used as a host has not been genetically
modified to completely eliminate their expression.

[000155] Similarly, the invention provides that GPI-anchored major and/or minor
xenoantigens (the proteins or xenoantigenic moieties linked to the GPI-anchored proteins)
may be at least partly removed by generally removing GPI-linked proteins by contacting the
reconstituted organ or tissue (e.g., by immersion or perfusion) with a suitable enzyme such
as a phosphatidylinositol-specific phospholipase C (PI-PLC) or phosphatidylinositol-
specific phospholipase D (PI-PLD). Suitable phospholipases are provided, for example, by
U.S. 6,689,598; U.S. 6,638,747; and U.S. 5,418,147, each of which is incorporated by
reference herein in its entirety. Advantageously, GPI-anchored xenoantigens arising from
the mammal host are thus cleared, while removed GPI-anchored biomolecules specific to
the reconstituted organ or tissue product cells (such as those derived from human
replacement cells) will be naturally regenerated.

[000156] Another embodiment includes initiating or at least partly performing the cell-
death inducing treatment or enzymatic treatments described above while the reconstituted
organ or tissue is not yet isolated from the mammal host’s circulation. The reconstituted
organ or tissue can then be isolated from the mammal host before the effects of the
treatment are substantially undone by further contact with the host’s circulatory system.
[000157] Methods and media for perfusing organs and tissues are well developed in the
art. Suitable methods and media are provided, for example, by U.S. 6,699,231; U.S.
6,677,150; U.S. 6,680,305; U.S. 6,627,393; U.S. 6,589,223; U.S. 6,506,549; U.S.
6,589,223; U.S. 6,677,150; U.S. 6,589,223; U.S. 6,524,785; U.S. 6,100,082; U.S.
5,965,433; U.S. 5,586,438; U.S. 5,498,427 U.S. 5,599,659; U.S. 6,492,103 and U.S.
5,362,622, each of which is incorporated by reference herein in its entirety.
Extra-corporeal support embodiments

[000158] A related method of the invention includes the steps of explanting the
reconstituted organ or tissue from the non-human mammal host in which it was supported
and thereafter supporting the organ or tissue in a living state in isolation from the non-
human mammal host using an extracorporeal support device and/or method, for a period of
time. During the period of extracorporeal support, at least some xenogeneic (with respect to
the preselected type of recipient) cells, xenogeneic cellular material, xenogeneic
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undesirably remaining from the non-human donor mammal (e.g., where total replacement
by replacement cells is desired), are actively and/or passively removed (cleared) from the
organ or tissue in, for example, the same manners described above. In a related
embodiment, the treated organ or tissue is transplanted to the preselected type of recipient
after the period of extracorporeal support. In one embodiment, the period of extracorporeal
support is approximately 1, 2, 3, 4, 5, 6,7, 10 or 14 days. In another embodiment, the
period of extracorporeal support isatleast1,2,3,4,5,6,7,10 or 14 days.
[000159] Any type of extracorporeal device and/or method for the support of living donor
organs can be used. Some of these devices are similar to heart-lung machines in that they
perfuse the subject organ with a medium providing oxygen and nutrients. This medium
may, for example, be based at least in part on blood and/or artificial blood, such as a
hemoglobin-based blood substitute or a fluorocarbon based blood substitute. One such
device is the Transmedics Portable Organ Preservation System (POPS). Suitable
extracorporeal support devices and/or methods include, but are not limited to those
described in, U.S. Pub. No. 20040171138; U.S. 6,100,082; U.S. 6,046,046; U.S. 6,677,150;
U.S. 6,673,594; 6,642,045; U.S. 6,582,953; U.S. 6,794,182; 5,326,706; U.S. 5,494,822;
U.S. 4,837,390; U.S. 4,186,565; U.S. 4,745,759; and U.S. 5,807,737 each of which is
incorporated by reference herein in its entirety.
[000160] One extracorporeal support embodiment includes the steps of: explanting the
reconstituted organ or tissue from the non-human mammal host, thereafter maintaining it in
a living state on extracorporeal support for a period of time, and during at least part of the
period of extracorporeal support, selectively killing non-human host cells (and/or donor
cells) and/or enzymatically treating the organ or tissue to remove xenoantigens, as described
above. A related method further includes the step of: after the period of extracorporeal
support, transplanting the reconstituted organ or tissue to a recipient, such as a human
recipient.
[000161] Another extracorporeal support embodiment includes the steps of: initiating or
at least partly performing the selective deletion of host cells from the reconstituted organ or
tissue and/or enzymatically treating the organ or tissue to remove xenoantigens, as
described above, while the organ or tissue is not yet isolated from the mammal host’s
circulation; explanting the organ or tissue before the effects of the treatment(s) are
substantially undone by further contact with the host circulatory system; and thereafter
maintaining the organ in a living state on extracorporeal support. One or more of the
treatments described can also be performed or continued during support of the organ or
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after the period of extracorporeal support, transplanting the reconstituted organ or tissue to a
recipient, such as a human recipient.
Embryo or fetus transfer embodiments
[000162] A further embodiment of the invention employs the transfer of an embryo or
fetus rather than transplantation of a donor organ or tissue to a host as earlier described
above. A non-human mammal embryo or fetus that is heterozygous or homozygous fora
transgene conferring tissue specific expression of a suicide gene or any sort of negative
selection marker (trait), or otherwise having tissue-specific expression of a negative
selection marker, is produced. Embryos can be readily obtained by in vitro fertilization
with parent gametes from parent animals having the desired negative selection trait, such as
transgenic parent animals (e.g., with respect to one or more desired suicide transgenes).
Fetuses can be obtained from pregnant animals.
[000163] In one method, each of the parent animals is homozygous for the transgene, or
tissue-specific negative selection trait generally, so that every embryo or fetus obtained is
also homozygous for the trait. If one parent is homozygous for the trait and the other is
homozygous for not having the trait, all progeny will be heterozygous for the trait. So long
as one parent is at least heterozygous for the trait (and the trait is dominant), embryos and
fetuses heterozygous for the trait can be produced and selected.
[000164] The embryos or fetuses are then transferred to a surrogate mother animal of the
same or a different species that is not transgenic for the same tissue-specific suicide gene
expression, or not expressing the same tissﬁe-speciﬁc negative selection marker(s) as a
general matter. The transferred embryo or fetus is supported by the surrogate mother. For
example, embryos can be transferred to a pseudopregant female by, for example, methods
known in the art. Fetuses, for example, can be surgically transplanted into the womb of an
already pregnant surrogate mother animal.
[000165] Since the mother lacks the negative selection trait of the fetus (that has been
transferred or that develops in the mother from a transferred embryo), cells of the fetal
tissue that express the negative selection trait can be conditionally and selectively deleted,
versus corresponding tissues of the mother. The surrogate mother also provides
compensatory support for metabolic functions that may be impaired in the fetus by
selectively killing cells of the organ or tissue of the fetus that expresses the negative
selection trait.
[000166] Accordingly, replacement cells for the organ or tissue that expresses the negative
selection trait can be introduced into the fetus and their engrafiment and expansion can be
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negative selection trait. Where the set of conditions includes at least one chemical agent
such as a prodrug, it may be introduced into the fetus indirectly by administration to the
mother so long as it is able to cross the placenta. Prodrugs that are not able to cross the
placenta can be introduced directly into the fetus, for example, via a catheter. Replacement
cells may be introduced into the fetus by infusion from a catheter or injected into the target
organ or tissue, before, after and/or during the negative selection treatment. Once the
replacement cells have engrafted, further negative selection treatments can be used to
facilitate the selective reconstitution of the organ or tissue with the replacement cells.
[000167] An advantage of this embodiment, in contrast to the invention of Beschorner, is
that here fetuses homozygous for the negative selection trait can be used.

[000168] In one variation of the embodiment, the replacement cells include or are human
cells. In another variation, they include non-human cells. In another variation, the mother
and the embryos or fetuses are from the same species, for example, ungulates of the same
species, for example, both pigs.

[000169] In another variation of the embodiment, the at least partially reconstituted organ
or tissue is allowed to grow within the fetal individual after it has been born. Still another
variation includes a further step of transplanting the reconstituted tissue or organ from the
fetus or from the post-birth individual that was the fetus to another mammal, such as a
human. In another variation, one or both of the mother and the fetus is a non-human
mammal modified, such as genetically modified, to reduce the expression of xenoantigens,
such as those described herein. Where, for example, the replacement cells are also non-
human, they may also be modified, such as genetically modified, to reduce their expression
of xenoantigens. The reconstituted organ or tissue of this embodiment can also be subjected
to any of the post-conditioning treatments, such as enzymatic treatments, and/or extra-
corporeal support methods described above.

General xenoantigen transfer-related and post-conditioning treatment embodiments
[000170] The inventor has also recognized that the use of hosts with reduced transferable
xenoantigen expression as described herein offers distinct advantages for supporting and/or
expanding human cells and/or human cell containing compositions of any sort (e.g., human
or chimeric human, non-human organs or tissues, including, e.g., parts of the body, solid or
dispersed tissue types, etc.), especially when such cells or human cell containing
compositions are to be transplanted into a human being. This includes, but is not limited to
human organs or tissues or parts thereof from living or deceased human donors that are
supported in a non-human mammal host. In one variation, the human organ(s) or tissue(s)
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may, for example, be from a donor at a post-birth stage of development. In a different
variation, the human organ(s) or tissue(s) are, at the time of transplantation to the non-
human host still be in an anlagen stage of development. Such anlagen may, upon
transplantation to the host, continue their growth and differentiation into a functioning organ
or tissue. Methods for transplanting anlagen to a host mammal for development are
disclosed in U.S. Pub. Nos. 20040191228, 20040136972, 20040082064, 20030198628,
20030096016 and 20030086909, each of which is incorporated by reference herein in its
entirety. Chimeric human, non-human mammal organs and tissues to be supported in the
xeno-reduced animal host may be produced by any method, for example, by the facilitated
cell replacement methods of Beschorner or by introduction of human cells into a non-human
mammal, such as a fetus or a post-birth individual, without facilitated replacement, such as
by the methods of U.S. Pub. Nos. 20020100065 (Appln. Ser. No. 09/895,895) and
20030096410 (Appn. Ser. No. (09/178,036).

[000171] Accordingly, a general method for culturing human cells in a non-human animal,
such as a non-human mammal, is provided that includes the steps of: introducing human
cells in any form (for example, a human organ or a human solid or dispersed tissue, or any
human cell containing composition such as those described above) into a non-human host
animal, such as a non-human mammal, that is at least substantially immunologically
tolerant of the human cells and which is genetically modified, or otherwise modified or
treated, to reduce the expression of at least one xenoantigen (defined with respect the human
immune system), such as alpha-galactosyl epitopes and/or NeuGe epitopes, so that the
amount of xenoantigens transferred to the human cells is reduced; and supporting the cells
in the host animal for a period of time, such as at least 2 days, or at least one week or at
least one month. A related method further includes the step of removing the human cells
from animal host.

[000172] In the case that the host is modified to reduce the expression of alpha-galactosyl
epitopes, it may for example be modified to reduce the expression of alpha (1,3)
galactosyltranferase-synthesized and/or iGb3 synthase-synthesized alpha-galactosyl
epitopes.

[000173] In another variation, a mixture of human cells and host cells is then removed
from the host and the host cells are selectively killed to obtain an at least substantially pure
composition of human cells. A host animal, or replacement cells, genetically modified to
enable the selective deletion of the host cells as described herein may, for example, be used
in this case.
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from the animal host and is post-conditioned with at least one enzymatic treatment to
remove host xenoantigens, as described herein above.

[000175] In still another variation, the human cell containing composition that was hosted
in the non-human animal is removed from the host and placed on extracorporeal support, for
example, for at least 1, 2, 3,4, 7, or 30 days.

[000176] In a further variation of the embodiment or any of its aforementioned variations,
the human cell containing composition, for example, a functionally developed human organ
or tissue, can then be transplanted to a human patient in need thereof. In this manner, for
example, human organs and tissues can be banked in a living state in non-human animal
hosts until they are needed. In a related variation, the host is sized to support a functionally
developed, solid human organ or tissue or at least a substantial portion thereof, such as a
human liver, pancreas, kidney, heart or lung, with respect to a human child, adolescent or
adult. For example, ungulate hosts, such as pigs, sheep and bovids, can be suitably sized.
[000177] Genetically modified animals are animals that include a genetic modification
such as a mutation (e.g., a deletion, substitution, inversion, transposition and/or insertion)
and/or a transgene (a transgenic animal) that was introduced in the current or in any prior
generation. Modifications of a donor or host animal that reduce or completely eliminate the
expression of a xenoantigen may be of any sort, such as genetic modifications or epigenetic
modifications, and may be introduced in any current or prior generation so long as the host
comprises the modification(s). Genetic modifications that inactivate a gene or an allele of a
gene may be of any sort and may, for example, include mutations of the promoter of a gene
that reduce or eliminate transcription of the gene and/or mutations in the normally
transcribed sequence of gene that prevent expression of the transcript (such as elimination
of a necessary start codon or ribosome-binding sequence) or prevent expression of a
functional protein product. Genetic mutations of a gene sequence may be of any sort, such
as deletions, insertions, substitutions, inversions and/or combinations thereof. Another kind
of genetic modification of a host that can reduce the expression of a xenoantigen involves
integration of a transgene into the host (in any current or prior generation), wherein the
transgene produces a gene product, such as an RNA or protein, that has the effect of
reducing the expression of the xenoantigen. In one example, a genomically integrated
transgene that drives the expression (e.g., constitutive or inducible) of an RNA-silencing
molecule that silences the mRNA transcripts of a selected gene, such as a gene for a protein
xenoantigen or for a xenoantigen-producing enzyme, is used. In another example, a
genomically integrated transgene that drives the expression (e.g., constitutive or inducible)

-50 -



10

15

20

25

30

WO 2006/074012 PCT/US2005/047291

rofa dere tHatpkdatoss'd gerie product that cleaves or alters a xenoantigen is used. In still
another example, a genomically integrated transgene that drives the expression (e.g.,
constitutive or inducible) of a gene that produces an enzyme that competes for substrate
with a xenoantigen-producing enzyme can be used. Epigenetic modifications can also
reduce or completely eliminate the activity of a gene. For example, double-stranded RNA-
mediated gene silencing of a promoter of a gene and/or the other parts of the gene can
silence transcription of the gene. While not being limited by theory, RNA-mediated gene
silencing is believed to be mediated by methylation and/or other modifications of a gene at
the DNA level.
[000178] The term human cells as referred to herein includes human cells and human-cell-
derived cells. Examples include, but are not limited to, primary or cell culture passaged
human cells, non-immortalized, immortalized or conditionally immortalized human cells, at
Jeast substantially human cells, genetically modified human cells, epigenetically modified
human cells and unmodified human cells. In one variation of embodiments of the invention
in which organs or tissues cellularly reconstituted with human cells are to be transplanted to
a designated human recipient, the replacement cells used are derived from the designated
recipient. In another variation of embodiments of the invention in which organs or tissues
cellularly reconstituted with human cells are to be transplanted to a human recipient, human
replacement cells having a predetermined HLA-type are used to cellularly reconstitute the
organ or tissue so that the reconstituted organ or tissue can be matched to a recipient. Ina
subvariation, the HLA-type of an intended human recipient is determined and replacement
cells at least substantially matching the HLA-type of the intended recipient are then used to
cellularly reconstitute an organ or tissue according to the invention. In still another
variation of embodiments of the invention in which organs or tissues cellularly reconstituted
with human cells are to be transplanted to a human recipient, human replacement cells
modified to lack one or more HLA determinants are used. Ina subvariation, the human
replacement cells are at least substantially universally acceptable with respect to HLA
determinant barriers to transplantation.
[000179] Those skilled in the art will also appreciate that non-human mammals or cell
lines that are used as hosts, donors and/or replacement cells or providers thereof according
the invention can be genetically modified to eliminate any endogenous retroviruses that may
be characteristically present in the genome of the animal or cell line. For example, swine
lacking porcine endogenous retrovirus (PERV) may be used as mammal hosts, donors

and/or replacement cell providers according to the invention.
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600180] - 1siueti'Wrnitéd StatédPatents are identified herein with the prefix “U.S.” followed
by the patent number. Published United States Patent Applications are identified herein
with the prefix “U.S. Pub. No.” followed by the publication number. Each of the patents,
patent applications, genetic sequences, articles and other publications cited in this disclosure
is incorporated by reference in its entirety as if each was set forth herein.
[000181] The following U.S. Patents, which may or may not be cited elsewhere in this
disclosure, are incorporated by reference herein in their entireties:
U.S. 6,923,959; U.S. 6,916,654; U.S. 6,911,220; U.S. 6,825,395; U.S. 6,794,182;
U.S. 6,758,865; U.S. 6,734,295; U.S. 6,718,986; U.S. 6,700,037 U.S. 6,699,231;
U.S. 6,689,598; U.S. 6,680,305; U.S. 6,677,150; U.S. 6,673,987; U.S. 6,673,594;
U.S. 6,660,905; U.S. 6,558,663; U.S. 6,498,285; U.S. 6,649,595; U.S. 6,642,045,
U.S. 6,639,122; U.S. 6,638,747; U.S. 6,627,393; U.S. 6,589,223; U.S. 6,582,953,
U.S. 6,576,464; U.S. 6,562,619; U.S. 6,524,785; U.S. 6,521,448; U.S. 6,514,752;
U.S. 6,506,549; U.S. 6,500,929; U.S. 6,495,735; U.S. 6,492,103; U.S. 6,491,912;
U.S. 6,469,229; U.S. 6,447,767; U.S. 6,423,316; U.S. 6,368,572; U.S. 6,413,769,
U.S. 6,368,572; U.S. 6,353,150; U.S. 6,342,344; U.S. 6,331,638; U.S.6,331,319;
U.S. 6,325,999; U.S. 6,296,846; U.S. 6,280,718; U.S. 6,258,998; U.S. 6,255,474;
U.S. 6,252,136; U.S. 6,245,566; U.S. 6,215,039; U.S. 6,194,635; U.S. 6,187,757,
U.S. 6,172,190; U.S. 6,166,288; U.S. 6,136,954; U.S. 6,132,708; U.S. 6,129,911,
U.S. 6,100,443; U.S. 6,100,082; U.S. 6,093,872; U.S. 6,090,622; U.S. 6,060,049;
U.S. 6,046,379; U.S. 6,046,046; U.S. 6,030,833; U.S. 6,018,096; U.S. 5,976,524,
U.S. 5,965,433; U.S. 5,925,802; U.S. 5,912,411; U.S. 5,871,997; U.S. 5,866,757;
U.S. 5,849,991; U.S. 5,821,117; U.S. 5,807,737; U.S. 5,752,929; U.S. 5,709,843;
U.S. 5,672,346; U.S. 5,652,373; U.S. 5,643,746; U.S. 5,639,939; U.S. 5,633,426;
U.S. 5,625,127; U.S. 5,599,659; U.S. 5,589,362; U.S. 5,586,438; U.S. 5,556,954,
U.S. 5,523,226; U.S. 5,498,427; U.S. 5,494,822; U.S. 5,476,997; U.S. 5,418,147,
U.S. 5,416,260; U.S. 5,362,622; U.S. 5,326,706; U.S. 4,837,390; U.S. 4,745,759;
and U.S. 4,186,565.
[000182] The following published U.S. patent applications, which may or may not be
cited elsewhere in this disclosure, are incorporated by reference herein in their entireties:
U.S. Pub. Nos. 20050268347 (Ser. No. 10/857,613); 20050266561 (Ser. No. 10/996,217);
20050265995 (Ser. No. 11/116,939); 20050223418 (Appln. Ser. No 10/863,116);
20050201990 (Ser. No. 11/076,668); 20050177883 (Ser. No. 10/470,785); 20050176139
(Ser. No. 11/032,153); 20050170452 (Ser. No. 10/500,240); U.S. Pub. No. 20050164210
(Ser. No. 10/ 763,479); 20050155095 (Ser. No. 10/981,935); 20050155094 (Ser. No.
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Fe73h3:abAjEnb050148073 (8&! No. 10/944,919); 20050142121 (Ser. No. 10/949,411);
20050125853 (Ser. No. 10/505,760); 20050120400 (Ser. No. 10/499,407); 20050112122
(Ser. No. 10/933,933); 20050108783 (Ser. No. 10/947,920); 20050108780 (Ser. No.
10/894,194); 20050076399 (Ser. No. 10/500,748); 20050028230 (Ser. No. 10/843,038);
20040268424 (Ser. No. 10/646,970); 20040258669 (Ser. No. 10/701,789); 20040209357
(Ser. No. 10/769,686); 20040191228 (Ser. No. 10/487,944); 20040180041 (Ser. No
10/809,556); 20040171824 (Ser. No. 10/469,881); 20040171155 (Ser. No. 10/762,388);
20040171138 (Ser. No. 10/640,867); 20040136972 (Ser. No. 10/759,033); 20040110286
(Ser. No. 10/ 313,195); 20040073963 (Ser. No. 10/362,429); 20030224350 (Ser. No.
10/113,664); 20030211098 (Ser. No. 10/181,896); 20030206891 (Ser. No. 10/341,967);
20030203427 (Ser. No. 10/125,994); 20030165480 (Ser. No. 10/135,919); 20030147859
(Ser. No. 09/881,721); 20030131365 (Ser. No. 10/172,459); 20030115616 (Ser. No.
10/243,087); 20030096410 (Ser. No. 09/ 178036); 20030092174 (Ser. No. 10/147,286);
20030086909 (Ser. No. 09/222,460); 20030068818 (Ser. No. 10/105,963); 20030068818
(Ser. No. 10/105,963); 20030049235 (Ser. No. 09/477,737); 20030014770 (Ser. No.
10/098,276); 20030068308 (Ser. No. 10/132,443); 20030003574 (Ser. No. 10/099,539);
20030003083 (Ser. No. 10/169,028); 20030198628 (Ser. No. 10/ 395,552); 20020197240
(Ser. No. 10/146,092); 20020187972 (Ser. No. 09/949,278); 20020164571 (Ser. No.
09/798,790); 20020100065 (Ser. No. 09/895,895); 20020090370 (Ser. No. 09/753,007);
20020031494 (Ser. No. 10/254,077); 20010053362 (Ser. No. 09/802,350); and
20010049139 (Ser. No. 08/ 816,750).
[000183] In addition, the following published international applications and their related
U.S. applications are each incorporated by reference in their entireties: International Pub.
No. WO 2004/108904 A2 of PCT/US2004/018106 and U.S. Prov. Appln. Ser. No.
60/476,396 to which priority is claimed; International Pub. No. WO 2004/027029 A2 of
PCT/US2003/029251, U.S. Prov. Appln. Ser. No. 60/411,790 to which priority is claimed,
and the U.S. national phase Ser. No. 10/527,587; and International Pub. No. WO
2004/016742 A2 of PCT/US2003/025199 and U.S. Prov. Appln. Ser. No. 60/403,405 to
which priority is claimed.
[000184] It should be understood that the embodiments and examples set forth within this
disclosure are meant to illustrate various aspects of the invention and are not limiting of its
scope. Many embodiments and variations within the spirit and scope of the invention may

be apparent to those of skill in the art upon reviewing this disclosure.
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1. A method for reconstituting a donor organ or tissue with replacement cells, comprising
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the steps of:

transplanting a solid organ or solid tissue or solid part thereof from a human or non-
human mammal donor to a non-human mammal host that supports the donor organ or tissue
or part thereof in a living state, wherein at least some of the cells of the donor organ or
tissue are at least substantially selectively killable versus the host cells and the replacement
cells;

selectively killing at least some of the endogenous donor cells of donor organ or
tissue or part thereof after the donor organ or tissue or part thereof is transplanted to the
host; and

introducing replacement cells into the donor organ or tissue or part thereof to replace
endogenous donor cells of the transplanted organ or tissue or part thereof,

wherein, the step of selectively killing at least some of the endogenous donor cells
promotes replacement of the donor cells by the replacement cells.
2. The method of claim 1, wherein:

the donor organ or tissue comprises a negative selection marker gene under control
of a broad-activity promoter thereby rendering at least a substantial proportion of the cell
types of the donor organ or tissue selectively killable in response to a set of one or more
conditions;

the cells of the non-human host mammal and the replacement cells are not
substantially killable in response to the set of one or more conditions that kills the donor
cells; and

the step of selectively killing at least some of the donor cells comprises application
of the set of one or more conditions.
3. The method of claim 2, wherein the negative selection marker gene is a suicide gene.
4. The method of claim 1, wherein the step of introducing replacement cells into the donor
organ or tissue comprises introducing the replacement cells before transplanting the donor
organ or tissue or part thereof into the host.
5 The method of claim 4, wherein the step of introducing replacement cells into the donor
organ or tissue or part thereof comprises introducing the replacement cells into the donor
organ or tissue before the donor organ or tissue or part thereof is removed from the donor
mammal.

6. The method of claim 4, wherein the donor is a non-human mammal.
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W Vppb fdtiiod 6F Sfaiin'd; AviSréiirehe step of introducing replacement cells into the donor
organ or tissue comprises introducing stem cells into the donor mammal during a fetal or
neo-natal stage of development so that the solid organ or solid tissue or solid part thereof
comprises replacement cells already incorporated therein before it is removed from the
donor for transplantation to the non-human host mammal.

8. The method of claim 1, wherein the step of introducing replacement cells into the donor
organ or tissue comprises introducing the replacement cells after transplanting the donor
organ or tissue or part thereof to the host.
9. The method of claim 8, wherein the donor animal is a non-human mammal.
10. The method of claim 1, wherein the replacement cells comprise human cells.
11. The method of claim 10, wherein the replacement cells consist essentially of human
cells.
12. The method of claim 1, wherein the organ or tissue is selected from the group
consisting of: kidney, lung, heart, liver, and pancreas.
13. The method of claim 12, wherein the replacement cells comprise human cells.
14. A method for reconstituting a donor organ or tissue with replacement cells, comprising
the steps of:

transplanting a solid organ or solid tissue or solid part thereof from a human or non-
human mammal donor to a non-human mammal host that supports the donor organ or tissue
or part thereof in a living state, wherein the growth of at least some of the cells of the donor
organ or tissue is selectively impairable in response to a set of one or more conditions, and
wherein the growth of endogenous cells of host cells is not substantially impairable by the
set of one or more conditions;

selectively impairing the growth of at least some of the donor organ or tissue cells
after the organ or tissue is transplanted into the host by applying the set of one or more
conditions; and

introducing human replacement cells into the donor organ or tissue, wherein the
growth of the replacement cells is not substantially impairable by the set of one or more
conditions.
15. The method of claim 14, wherein the step of introducing human replacement cells into
the donor organ or tissue comprises introducing the human replacement cells before the
organ or tissue or part thereof is transplanted into the host.
16. A method for providing a non-human animal wherein a trait is limited to a preselected

organ or tissue or part thereof supported by the animal, comprising the step of:
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human donor or a non-human animal donor to a non-human animal host, wherein the solid
organ or solid tissue or solid part thereof is supported in a living state,

wherein at least some of the endogenous cell types of the transplanted donor solid
organ or solid tissue or solid part thereof have a desired trait, and

wherein the endogenous cells of the host animal at least substantially do not have the
trait.

17. The method of claim 16, wherein the trait comprises inducible or constitutive or

' developmentally regulated expression of a negative selection marker.

18. The method of claim 16, wherein the trait comprises susceptibility to cell-death or
growth-impairment in response to a set of one or more known conditions.
19. The method of claim 16, wherein the trait comprises inducible or constitutive or
developmentally regulated expression of a preselected transgene.
20. The method of claim 19, wherein the expression of the transgene is under the control of
a broad-activity promoter.
21. The method of claim 19, wherein the preselected transgene is a preselected suicide gene
or a preselected growth-impairing gene.
22. The method of claim 16, wherein the donor and host are non-human animals of the
same species.
23. The method of claim 22, wherein the donor and host are non-human mammals of the
same species.
24. A method for reconstituting an organ or tissue with replacement cells, comprising the
steps of:

providing at least one non-human mammal embryo or fetus that is heterozygous or
homozygous for organ or tissue specific expression of a negative selection marker or growth
impairment trait;

transferring the at least one embryo or fetus to a surrogate mother animal of the
same or a different species that at least substantially does not express the negative selection
marker, the transferred embryo or fetus being supported in a living state by the surrogate
mother and continuing development within the surrogate mother;

introducing replacement cells into the fetus before or after transfer to the surrogate
mother animal or into a fetus that develops from the transferred embryo; and

selectively killing or growth-impairing at least some of the cells of the organ or
tissue of the transferred fetus or of the fetus that develops from the transferred embryo
without substantially harming corresponding cells of the surrogate mother, to promote
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killing or growth impairment is based at least in part on the negative selection marker or

growth impairment trait.

25. The method of claim 24, wherein the replacement cells comprise human cells.
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Facilitated cellular Reconstitution of organs and Tissues

ggtcttgtgyg agaaaacaga tccagacggc aaacatacgc aagggattta

tttttggcaa aaaaactatg aattttgtaa tcagttgtga gccaatgaaa

agtctagtta ataatctaca attattggtt aaagaagtat attagtgctg

gttcgtccta ccttttcttt tctatcaacc ccac

Artificial

chimeric transgene construct comprising porcine albumin

promoter/enhancer operably Tinked to mutant Herpes virus
thymidine kinase (xTK) gene

<400> 2
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
aacttggtta
gtgtggaaag
gtcagcaacc
gcatctcaat
aaacagatcc
aactatgaat

atctacaatt

gagatctccc
aagccagtat
ttaagctaca
gcgttttgeg
ggtaccttct
tccccaggcet
aggtgtggaa
tagtcagcaa
agacggcaaa
tttgtaatca

attggttaaa

gatcccctat
ctgctcccty
acaaggcaag
ctgcttcgec
gaggctgaaa
ccccageagg
agtccccagg
ccatagtccc
catacgcaag
gttgtgagcc

gaagtatatt

ggtcgactct
cttgtgtgtt
gcttgaccga
tgcagggcct
gaaccagctg
cagaagtatg
ctccccagea
actgcaggaa
ggatttagtc
aatgaaatac

agtgctgact
Page 1

cagtacaatc
ggaggtcgct
caattgcatg
gaaataacct
tggaatgtgt
caaagcatgc
ggcagaagta
ttgaccaggt
aaacacattt
aaaaatgagt

ttcctctgtt

tgctctgatg
gagtagtgcg
aagaatctgc
ctgaaagagg
gtcagttagg
atctcaatta
tgcaaagcat
cttgtggaga
ttggcaaaaa
ctagttaata

cgtcctacct

60
120
180
224

60
120
180
240
300
360
420
480
540
600
660
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tttcttttct
gaccaggctg
cagcaagaagd
atagacggtc
tcgcgcgacg
tccgagacaa
gccggggacg
gtgaccgacg
cceceeggecc
gccgegeggt
atcccgecga
atcgaccgcec
gcgattcgcc
tcgtggcggy
ccccagagcea
gccccegagt
gtcttggcca
gccggetgec
acccccggcet
gaggctaact
atacattgat
tgaaatttgt

accattataa

gttcaggggg
gtgccgtgtg
gaattacttc

ggtgggagag

<210> 3
<211>
<212>
<213>

<220>
<223>

DNA

1506

atcaacccca
cgcgttectcg
ccacggaagt
tccacgggcet
atatcgtcta
tcgcgaacat
cggcggtggt
ccgttctggce
tcaccctcat
accttatggg
ccttgcecgg
tggccaaacg
gcgtttacgg
aggactgggg
acgcgggcecc
tgctggcecc
aacgcctccg
gggacgccct
ccataccgac
gagaattcgc
gagtttggac
gatgctattg
gctgcaataa
aggtgtggga
tggttccecgce
cacctggctg

ttcgaggcct

Artificial

catggcctcg
cggccatagc
ccgeccggag
ggggaaaacc
cgtacccgag
ctacaccaca
aatgacaagc
tcctcatatc
cttcgaccgce
cagcatgacc
caccaacatc
ccagcgcccc
gctacttgcec
acagctttcg
acgaccccat
caacggcgac
ttccatgecac
gctgcaactt
gatatgcgac
tagctctcta
aaaccacaac
ctttatttgt
acaagttaac
ggttttttaa
gggcctggec
cagtacgtga
t

PT6100PCTSEQ

taccccggcc
aaccgacgta
cagaaactgc
accaccacgc
ccgatgactt
caacaccgcc
gcccagataa
9g9g9g9ggg9agyg
catcccatcg
ccccaggecg
gtgcttgggg
ggcgagcgge
aatacggtgc
gggacggccg
atcggggaca
ctgtataacg
gtctttatcc
acctccggga
ctggcgegea
gtcgagaatt
tagaatgcag
gaaatttgtg
aacaacaatt
agcaagtaaa
tctttacggg
ttcttgatcc

atcaacacgc
cggcgttgeg
ccacgctact
aactgctggt
actggcgggt
tcgaccaggg
caatgggcat
ctgggagctc
ccgcecctect
tgctggegtt
cccttecgga
tggacctggc
ggtatctgca
tgccgceccca
cgttatttac
tgtttgcctg
tggattacga
tggtccagac
cgtttgcccg
cgctagctcg
tgaaaaaaat
atgctattgce
gcattcattt
acctctaaga
ttatggccct

cgagcttcgg

PCT/US2005/047291
gtctgcgttc 720
ccctcgecgg 780
gcgggtttat 840
ggccctgggt 900
gctgggggct 960
tgagatatcg 1020
gccttatgec 1080
acatgccccg 1140
gtgctacccg 1200
cgtggccctc 1260
ggacagacac 1320
tatgctggct 1380
gtgcggcggg 1440
gggtgccgag 1500
cctgtttcgg 1560
ggccttggac 1620
ccaatcgccc 1680
ccacgtcacc 1740
ggagatgggg 1800
acatgataag 1860
gctttatttg 1920
tttatttgta 1980
tatgtttcag 2040
acacaggtaa 2100
tgcgtgectt 2160
gttggaagtg 2220

2241

chimeric transgene construct comprising porcine alpha-fetoprotein

promoter/enhancer operably linked to fungal cytosine deaminase

gene

<400> 3

gacggatcgg gagatctccc gatcccctat ggtcgactct cagtacaatc tgctctgaty

ccgcatagtt aagccagtat ctgctccctg cttgtgtgtt ggaggtcgct gagtagtgeg

Page 2

60
120
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cgagcaaaat
ttagggttag
aacttggtta
gtgtggaaag
gtcagcaacc
gcatctcaat
ttgcaaaata
gaacataaaa
ctaaggaaat
gcctgaaaag
caataacacc
tgcctatgag
tatcaataac
atccgccaca
agtgtacaaa
catcatcatg
gggcgagaaa
taaaaagatc
tgagtaggct
agtttggaca
atgctattgc
ctgcaataaa
ggtgtgggag
gttaat
<210> 4
<211>
<212>
<213>

<220>
<223>

DNA

2294

ttaagctaca
gcgttttgcg
ggtaccttct
tccccaggcet
aggtgtggaa
tagtcagcaa
aaataagttt
tacaaataac
accataaagt
agtataaaag
atggtgacag
gaggcggcect
aaagacggaa
ctacatggtg
gataccactt
tatggtattc
tatttacaaa
atgaaacaat
agctctctag
aaccacaact
tttatttgtg
caagttaaca

gttttttaaa

Artificial

operably linke

gene

<400> 4
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac

tggagttccg

gagatctccc
aagccagtat
ttaagctaca

gcgttttgeg

tagttattaa

cgttacataa

acaaggcaag
ctgcttcgec
gaggctgaaa
ccccageagg
agtccccagg
ccatagtccc
gcaagttttt
cgctatgctg
aacagatata
aatttcagca
ggggaatggc
taggttacaa
gtgttctcgg
agatctccac
tgtatacgac
cacgctgtgt
ctagaggtca
ttatcgatga
tcgagaattc
agaatgcagt
aaatttgtga
acaacaattg

gcaagtaaaa

gatcccctat
ctgctccctg
acaaggcaag
ctgcttcgeg
tagtaatcaa

cttacggtaa

PT6100PCTSEQ

gcttgaccga
tgcagggcct
gaaccagctg
cagaagtatg
ctccccagea
actgcagttt
tttttctgec
ttaattattg
ccaacaaaag
tgattttcca
aagcaagtgg
agagggtggt
tcgtggtcac
tttggaaaac
gctgtctcca
tgtcggtgag
cgaggttgtt
aagacctcag
gctagctcga
gaaaaaaatg
tgctattgct
cattcatttt

cctctacaaa

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggc
ttacggggtc

atggcccgcec
Page 3

caattgcatg
gaaataacct
tggaatgtgt
caaagcatgc
ggcagaagta
gaggagaata
ccaaagagct
gcaaatgtcc
gttactagtt
tattgtgett
gatcagaagg
gttcctattg
aacatgagat
tgtgggagat
tgcgacatgt
aacgttaatt
gttgttgacg
gattggtttg
catgataaga
ctttatttgt
ttatttgtaa
atgtttcagg
tgtggtagat

cagtacaatc
ggaggtcgct
caattgcatg
cagatatacg
attagttcat

tggctgaccg

PCT/US2005/047291
aagaatctgc 180
ctgaaagagg 240
gtcagttagg 300
atctcaatta 360
tgcaaagcat 420
tttgttatat 480
ctgtgtcctt 540
cattttcaac 600
aacaggcatt 660
ccaccactgc 720
gtatggacat 780
gcggatgtct 840
ttcaaaaggg 900
tagagggcaa 960
gtacaggtgc 1020
tcaaaagtaa 1080
atgagaggtg 1140
aagatattgg 1200
tacattgatg 1260
gaaatttgtg 1320
ccattataag 1380
ttcaggggga 1440
ccatttaaat 1500

1506

tgctctgatg
gagtagtgcg
aagaatctgc
cgttgacatt
agcccatata

cccaacgacc

chimeric transgene construct comprising cytomegalovirus promoter
d to mutant Herpes virus thymidine kinase (XTI

60
120
180
240
300
360
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cccgeccatt
attgacgtca
atcatatgcc
atgcccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
gtttaaactt
agataatggc
ctcgcggeca
aagtccgecc
ggatggggaa
tctacgtacc
acatctacac
tggtaatgac
tggctcctca
tcatcttcga
tgggcagcat
ccggcaccaa
aacgccagcg
acgggctact
ggggacagct
gcccacgacc
cccccaacgg
tccgttccat
ccctgetgea
cgacgatatg
agtcgcegtg
gtgtggttcc
ttccacctgg
gagttcgagg

<210> 5
<211> 1782
<212> DNA

gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
aagcttggta
ctcgtacccc
tagcaaccga
ggagcagaaa
aaccaccacc
cgagccgatg
cacacaacac
aagcgcccag
tatcgggggy
ccgccatccc
gaccccccag
catcgtgctt
cccecggegag
tgccaatacg
ttcggggacg
ccatatcggg
cgacctgtat
gcacgtcttt
acttacctcc
cgacctggcg
aacgttcttt
cgcgggcectg
ctgcagtacg

cctt

atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttggce
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
ccgagctcgg
ggccatcaac
cgtacggcgt
atgcccacgc
acgcaactgc
acttactggc
cgcctcgacc
ataacaatgg
gaggctggga
atcgccgecc
gcecgtgctgg
ggggcccttc
cggctggacc
gtgcggtatc
gccgtgecge
gacacgttat
aacgtgtttg
atcctggatt
gggatggtcc
cgcacgtttg
ttcgcaacgg
gcctctttac
tgattcttga

PT6100PCTSEQ

ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccgc
gcagagctct
ctcactatag
atccactagt
acgcgtctgce
tgcgeectcg
tactgcgggt
tggtggccct
gggtgctyggg
agggtgagat
gcatgcctta
gctcacatgc
tcetgtgeta
cgttcgtggc
cggaggacag
tggctatgct
tgcagtgcgg
cccagggtgce
ttaccctgtt
cctgggectt
acgaccaatc
agacccacgt
cccgggagat
gtttgccgec
gggttatggc
tcecgagett

Page 4

aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ccagtgtggt
gttcgaccag
ccggcagcaa
ttatatagac
gggttcgcge
ggcttccgag
atcggccggg
tgccgtgacc
cccgececcg
ccecggecgeg
cctcatcccg
acacatcgac
ggctgcgatt
cgggtcgtyg
cgagccccag
tcgggecccc
ggacgtcttg
gcccgeeggce
caccaccccc
gggggaggct
agaacacagg
ccttgegtgce

cgggttggaa

PCT/US2005/047291
gggactttcc 420
catcaagtgt 480
gcctggcatt 540
gtattagtca 600
tagcggtttg 660
ttttggcacc 720
caaatgggcg 780
agagaaccca 840
gctggctagce 900
ggaattctgc 960
gctgcgegtt 1020
gaagccacgg 1080
ggtccccacg 1140
gacgatatcg 1200
acaatcgcga 1260
gacgcggcgg 1320
gacgccgttc 1380
gccctcaccc 1440
cggtacctta 1500
ccgaccttgc 1560
cgcctggcca 1620
cgccgegttt 1680
cgggaggact 1740
agcaacgcgg 1800
gagttgctgg 1860
gccaaacgcc 1920
tgccgggacg 1980
ggctccatac 2040
aactgagagt 2100
taagtgccgt 2160
cttgaattac 2220
gtgggtggga 2280

2294
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<213> Arti

<220>
<223>

ficial

operably linked to fungal

<400> 5
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
cccgeccatt
attgacgtca
atcatatgcc
atgcccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
gtttaaactt
agatcctgca
ttgcctatga
ttatcaataa
gatccgccac
aagtgtacaa
ccatcatcat
agggcgagaa
gtaaaaagat
gtgagtaggc
cccgtttaaa
tgcccctecce
taaaatgagg

cagggttatt

ggggttccgce

<210> 6
<211> 1269
<212> DNA

gagatctccc
aagccagtat
ttaagctaca
gcgttttgcy
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
aagcttggta
gatggtgaca
ggaggcggcc
caaagacgga
actacatggt
agataccact
gtatggtatt
atatttacaa
catgaaacaa
tagctctcta
ccecgetgatc
ccgtgecttc
aaattgcatc
gtctcatgag

gcacatttcc

gatcccctat
ctgctccctg
acaaggcaag
ctgcttcgcg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttggc
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
ccgagctegg
gggggaatgg
ttaggttaca
agtgttctcg
gagatctcca
ttgtatacga
ccacgctgtg
actagaggtc
tttatcgatg
gtcgagtcca
agcctcgact
cttgaccctyg
gcattgtctg
cggatacata

ccgaaaagtg

PT6100PCTSEQ

PCT/US2005/047291

cytosine deaminase gene

ggtcgactct
cttgtgtott
gcttgaccga
atgtacgggc
ttacggggtc
atggcccgee
ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccgc
gcagagctct
ctcactatag
atccactagt
caagcaagtg
aagagggtgg
gtcgtggtca
ctttggaaaa
cgctgtctcc
ttgtcggtga
acgaggttgt
aaagacctca
gcacagtggc
gtgccttcta
gaaggtgcca
agtaggtgtc
tttgaatgta

ccacctgacg

Page 5

cagtacaatc
ggaggtcgct
caattgcatg
cagatatacg
attagttcat
tggctgaccyg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ccagtgtggt
ggatcagaag
tgttcctatt
caacatgaga
ctgtgggaga
atgcgacatg
gaacgttaat
tgttgttgac
ggattggttt
ggccgctcga
gttgccagec
ctcccactgt
attcttattg
tttagaaaaa

tc

tgctctgatg
gagtagtgcg
aagaatctgc
cgttgacatt
agcccatata
cccaacgacc
gggactttcc
catcaagtgt
gcetggeatt
gtattagtca
tagcggtttg
ttttggcacc
caaatgggcyg
agagaaccca
gctggctagce
ggaattctgc
ggtatggaca
ggcggatgtc
tttcaaaagg
ttagagggca
tgtacaggtg
ttcaaaagta
gatgagaggt
gaagatattg
gtctagaggg
atctgttgtt
cctttcctaa
aagcatttat

taaacaaata

chimeric transgene construct comprising cytomegalovirus promoter

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1782
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<213> Sus

<400> 6
catgaggaga

actgtaatgg
taccagtcaa
tggtttaaca
gaacaaagaa
aaacgcccag
tacaacagag
gtttttgctg
acatacttca
atgcctttga
aagaggtggc
cacatccagc
aactttgggg
gcacatcctg
ggccagggag
aacatcactc
gagtggcatg
ttatccccag
aagatagctt
gtgccagcag
cacttaattt
ttcttcctt
<210> 7
<211>
<212>
<213>

<400> 7
ggagaaaata

DNA

cattgttgtg
atcaagaaac
atggtttaac
aaaggaagac
ggttgtgact
cgtcttagac
cggaagatac

ggttggccac

scrofa

aaataatgaa
ttgtgttttg
aaaacccaga
atgggactca

aagaagacaa

aggtcgtgac

ccgtcttaga
tcggaagata
tggttggcca
tagagctggg
aagacatcag
acgaggtgga
tggagaccct
acgagttcac
atttttatta
aggagtgctt
atgaaagcca
aatactgctg
ggcagaaaaa
ttttctgaat

taacttttaa

1121

ovis aries

atgaatgtca
ttttgggaat
ccagaagtca
aatggttacc
aaaagcaagc
atgacagatt
gattactacg
attgagcatt

cgagtcatct

tgtcaaagga
ggaatacatc
agttggcagc
cagttaccac
cagaggagag
cataaccaga
taattattat
cattgagcat
caaagtcatc
tcctctgegt
catgatgcgc
cttcctettc
gggccagteg
ctacgagagg
ccacgcagcc
caagggaatc
tctaaacaag
ggattatcat
agagtataat
ttgaaagagt

aaaaatacta

aaggaaaagt
atatccacag
gtggcggcag
aagaagaaga
ttaagctatc
ggaaggcacc
ccaagcagaa
acttggagga

tttacgtcat

PT6100PCTSEQ

agagtggttc
aacagcccag
agtgctcaga
gaagaagaag
cttccgctag
tggaaggctc
gccaaacaga
tacttggagg
ttttacatca
tcctttaaag
atgaagacca
tgcatggacg
gtggctcage
cggaaggagt
atttttgagd
ctccaggaca
tatttccttc
ataggcatgt
ttggttagaa
attactctgg

acaaaatacc

gattctgtca
cccagaaggce
cagcattcag
tgaagacgta
ggactggttc
cgtggtgtyg
aattaccgtc

gttcttaacg

ggtggacgat
pPage 6

tgtcaatgct
aaggttcttt
ggggctggtyg
acgctatagg
tggactggtt
cagtggtatg
aaattaccgt
agttcttaat
tggtggatga
tgtttgagat
tcggggagea
tggatcaggt
tacaggcctg
ccgcagccta
gaacacccac
aggaaaatga
tcaacaaacc
ctgtggatat
ataacatctg
ctacttcctc

aacacagtaa

atgctggttg
tctttgttet
aagggctggt
gacgaagaaa
aacccattta
gaaggcactt
ggcctgacgg
tctgctaata

gtctccagga

PCT/US2005/047291
gcttgtctca 60
gttctggata 120
gtttccgagce 180
caacgaaaagd 240
taatcctgag 300
ggaaggcact 360
gggcttgacyg 420
atctgcaaat 480
tatctccagg 540
caagtccgag 600
catcctggcec 660
cttccaaaac 720
gtggtacaag 780
cattccgttt 840
tcaggttcta 900
catagaagcc 960
cactaaaatc 1020
taggattgtc 1080
actttaaatt 1140
agagaagtag 1200
gtacatatta 1260

1269
tctcaactgt 60
ggataaaccc 120
ggtttccgag 180
aggaacaaag 240
aacgccctga 300
acaacagagc 360
ttttcgcegt 420
agcacttcat 480
tgcctttgat 540
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agagctgggc
ggacgtcagc
tgaggttgac
ggagaccctg
tgagtttacc
tttttattac
ggaatgcttc
tgagagccat
atactgctgg
gcagacaaaa
<210> 8

<211>
<212>
<213>

<400> 8
c€cgggggccyg

gcgcecctge

DNA
Bos

acaccccgcec
agccgaggac
cggatcaggg
ctggcatttg
cttcgettcc
tttgcctttt
ggaaaagtga
atccacagcc
ggcagcagca
gaagatggag
ctatcggact
gctccagtgg
cagaaaatta
gaggagttct
atcatggtag
aaagtgttta
actatcgggg
gatgtggacc
cagctacaag

gagtctgcag

1655

cctctgeget
atggtgcgcea
ttcctettct
ggtgagtcgg
tacgagaggc
cacgcagcca
aaaggaatcc
ctaaacaagt
gattatcata

gagtataatt

taurus

ggccgagctg
ccgecgeecc
ccggcacgec
gccgecgggy
aaaccacgtg
cacggaaaga
tcccagecect
actctaggag
ttctgtcaat
cagaaggctc
ttcagaaggg
acataaacga
ggttcaaccc
tgtgggaagyg
ccgtcggect
taacgtctgc
atgatgtctc
agatcaagcc
agcacattgt
aggtcttcca
cctggtggta

catacattcc

ccttcaaagt
tgaagaccat
gcatggacgt
tggcccagcet
gcaaggagtc
tttttggggg
tcaaggacaa
atttccttct
taggcctacc

tggttagaaa

ggagcgtcga
ggaggagcgc
cgcggggctc
agccgaggcg
tcctcaagtg
cgagacactt
gcctecttct
gagagaagca
gctggttgtc
tttgttctgg
ctggtggctt
agaaaaggaa
atttaaacgc
cacttacaac
gacggttttc
taataagcac
caggatgcct
tgagaagagg
ggcccacatc
agacaagttt
caaggcagat

cttcggcgaa

PT6100PCTSEQ

gtttgaggtc
cggggagcac
ggaccaggtc
acaggcctgg
tgcagcatat
aacacccact
gaaaaatgac
caacaaaccc
tgcggatatt

taatgtctga

gceccgetgec
ccggeggecg
gggaggaggc
ccggccagec
gccagccagce
cacaaaatca
gcagaacgga
gacgatgagg
tcaactgtca
ataaacccat
ccgagatggt
caaagaaacg
cccgaggttg
agagccgtct
gccgtcggaa
ttcatggtgg
ttgatagagt
tggcaggaca
cagcatgagg
ggggtggaga
cccaatgact

ggggattttt
Page 7

aagcctgaga
atcgtggccc
ttccaagatg
tggtacaagg
attcccttcg
caggtcctta
atagaagccc
actaaaatct
aagcttgtca

C

cagcgccegce
gccgacggga
agcgcgecga
cccagegegce
tgtccccaag
acggagtcag
gctcagtaga
agaaaataat
ttgttgtgtt
caagaaaccc
ttaacaatgg
aagacgaaag
tgaccatgac
tagacaatta
gatacattga
gccacccagt
tgggtcctct
tcagcatgat
ttgacttcct
ccctgggega
tcacctacga

attaccatgc

PCT/US2005/047291
ggaggtggca 600
acatccaacg 660
agttcggggt 720
cagatcccga 780
gcgaaggdgga 840
acatcaccca 900
aatggcatga 960
tatccccgga 1020
agatgtcttg 1080

1121
cggctcectc 60
gcgcagcggc 120
ctgttccggc 180
ccagcttctg 240
aggaacttgc 300
aaggctgcac 360
acttggtact 420
gaatgtcaaa 480
ttgggaatat 540
agaagttggt 600
ttaccatgaa 660
caagcttaag 720
gaagtggaag 780
ttatgccaag 840
gcattacttg 900
catcttttat 960
gcgctccttc 1020
gcgcatgaag 1080
tttctgcatg 1140
gtcggtggecc 1200
gaggcggaag 1260
agccattttt 1320
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gggggaacac
gacaagaaaa
cttctcaaca
ctacctgcgg
agaaataatg
tacttcctca
<210> 9

<211>
<212>
<213>

<400> 9
cgtcttagga

DNA
Mus

acaccttccc
gctctcaggc
cttcggcagg
acagctgacg
ttaaaggcct
ctccatgtca
agatctggat
attgtctcaa
ttgtggatat
tggttcccaa
cggagagaaa
aatccaaaga
gaaggcactt
gggctgacag
tctgctgaca
acctcccgga
aggtctgaga
atcctggecec
tttcaagaca
tggtacaagg
attccattcg
cacattctca
atagaagccc
actaaaatcc

aaaagtgtca

3450

ccactcaggt
atgacataga
aacctactaa
atattaagct
tctgactttg

gaaaagtaac

musculus

ggctggagat
ttgtagactc
tctgggagtt
ccagagctcg
atgaggctga
gtactacctt
acaagatctc
cacaggagaa
ccgtggttgt
atcacacaaa
gctggtttaa
agggtagaaa
accgcccgga
atgacacagc
tgtttgctgt
tgtacttcat
tgcctgtegt
agaggtggca
acatccagca
acttcggggt
ccagtcccga
gagaggggga
acctcaccag
agtggcatga
tatctccaga

aggtagcttg

ccttaacatc
agcccaatgg
aatcttatcc
tgtcaagatg
tgccagtaca

acttaatttt

tctgggtgga
ttcttggaat
ggaaccctgt
acagaagctc
ctttgaactc
gcctggacct
catgtcaaga
aataatgaat
cgtgttttgg
aattccagag
aaatgggacc
tggagatcgc
tgttttgaca
tctgctggaa
gggaaagtac
ggttggccat
gcacctgaac
ggatatcagc
cgaggtcgac
ggaaactctg
gaagttcacc
tttttactac
ggagtgcttt
tgagagccac
gtattgctgg

gcagacaaaa

PT6100PCTSEQ

acccaggaat
catgatgaaa
ccggaatact
tcttggcaga
tttctgaatt

aactt

gcecctagecc
gagaagtacc
accttccttt
ggttgctttg
aagagatctg
aagattttca
tccaagtcag
gtcaagggaa
gaatatgtca
gttggtgaga
cacagttatc
attgaagagc
gtgaccccgt
aagtactacg
attgagcatt
cgggtcatat
cctctacatt
atgatgcgca
ttcctcttct
ggccagetgg
tatgagaggc
cacgcggeea
aaggggatcc
ctcaacaaat
gactatcaga

gagtataatt
Page 8

gcttcaaagg
gccatctaaa
gctgggatta
caaaagagta

tgagagagta

tgccttttct
gattctgctg
cctctgctga
ctgtttgctt
cttaccccag
tgatcactat
aaacaagtct
aagtaatcct
acagcccaga
acagatggca
aagaagacaa
ctcagctatg
ggaaggcgcc
ccacacagaa
acttagaaga
tttacgtcat
ccttacaagt
tgaagaccat
gcatggacgt
tagcacagct
gggaactgtc
tttttggagg
tccaggacaa
acttcctttt
taggcctgcec

tggttagaaa

PCT/US2005/047291
aatcctcaag 1380
caagtatttc 1440
tcacataggc 1500
taatgtggtt 1560
ttattctggc 1620

1655
tagctggcetg 60
aagacctcgc 120
gccctgectce 180
tggagggaac 240
tctectggaa 300
gcttcaagat 360
tccatcctca 420
gttgatgctyg 480
cggctctttce 540
gaaggactgg 600
cgtagaagga 660
ggactggttc 720
gattgtgtog 780
actcactgtg 840
ctttctggag 900
gatagatgac 960
ctttgagatc 1020
tggggagcac 1080
ggatcaagtc 1140
ccaggcctgg 1200
ggccgcgtac 1260
aacgcctact 1320
gaaacatgac 1380
caacaaaccc 1440
ttcagatatt 1500
taatgtctga 1560
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cttcaaattyg
acacttgatt
agatgatttc
tcaggtataa
gaaatcaaaa
atacaattca
agagttggac
caacccagag
ctgtaaaagc
tgtcctgggce
gtccaggaaa
actgagttac
agtgtgttca
ctgtggagag
accctattat
cctccgagtt
aagacaaagc
cagccagceca
cagtcactac
cctgtatagg
tttcacaggt
agtagcagaa
taccatgagg
gggtatttaa
ttatattttg
aaaaggccat
tacctttgtc
cccagaggca
gcttgcacat
gacagttcaa
aaataaaatt
atttttagac
<210>
<211>

<212>
<213>

10
1936
DNA

tgatggaaac
tcaactttta
tcctgacacc
attctcaatg
ttaatttgac
ccactggcca
ggctccatcc
aggctttgca
tgatggctcc
ataaaggagg
aatcaagggt
aaacacagac
ttttgtttty
ggtgtgactg
atcagaagac
cctcageccca
cccctgteac
gccagatgta
aacggagctg
tggttctcaa
gtcccctaag
ttacagttat
agctacatta
gcaaattatg
cttgtcttec
tgcaccatct
cacagggctc
acaaaaccca
ctgctaaaaa
tggtctgaaa
gatccaagtt

attcttcaaa

ttgacactat
aaagaaacaa
ttgagcctgt
atttcttata
aaaggaaaag
ggtgctgaga
ctttggcttc
gccagagacc
aggagcgctg
cagagagtgc
gaccacttag
agctttcttc
cccaaattgt
tatcagggaa
aatctctcat
tcgtgttcca
atgacctcat
ctggacaaca
ctgaaggttc
cctatgggtc
acggttaaaa
gaaatagcaa
ggtcacatca
caaagggggt
agtttaggtc
tggtgaacag
tacctcttac
cagaattcct
ttctgcctct
gtttcaaaaa
taaatctcta

ataagaattc

Rattus norvegicus

PT6100PCTSEQ

tactctggct
‘tcaaaaccaa
aatatgtgag
tattctgggt
cagatgccgg
gaagcattag
attatcttcc
tttaataadgg
gcagtccagd
caataggtac
agggacatag
aggatgacta
attcatgctg
ggagagtacc
catcaggtcc
gtgtgggggc
ttccectget
taggaaccga
tgttcececegce
gcgacccctt
aacatagata
gggaaataat
ttagggaagt
tgtcgctctg
aatctgtttc
catgaggggt
ttttcaattg
gaaccaatgg
ctgtcactgt
ggctggggaa
atgagtaagc

page 9

aattcctcaa
aacccactac
aaagagtcta
cttgggaaaa
aaacttcttc
ggaacagtgt
tcctcatgga
atgccaatgt
ccccactagyg
tttggtggca
gacttggggt
acagcaggaa
ttagctttgt
tcagcggact
tacctacaac
ctgtatggag
ctagtactat
ctttatggca
tctgagagcc
tgggaagtgt
tttccactct
tctggggttc
tgagaagcat
tgttctgtgt
ttcctttaag
ttcaataaaa
tgaacaaaaa
gagatgccaa
gctggatccg
tttgagggga
ttaggatttt

PCT/US2005/047291
acaagtagca 1620
catggcaaac 1680
tggcaagtaa 1740
cttgattcta 1800
ccagtctgtc 1860
gggttgtgtc 1920
gattctaaag 1980
gaccatcagt 2040
ctattgtttc 2100
catgttcaga 2160
tggtgattga 2220
ttgaatggaa 2280
gtgttgagcc 2340
gaggaccagc 2400
ctgctctgaa 2460
caggtgactg 2520
gcaagtgtga 2580
atgggagccg 2640
tgcaggagcc 2700
taaatgaccc 2760
gactggtaac 2820
gtgtcatcca 2880
agctctactt 2940
atgcatatat 3000
cagtttattt 3060
aataggatct 3120
aggtcgcaca 3180
tggaagcaga 3240
tctaaagtgg 3300
ttttttttta 3360
attaaaggta 3420

3450



WO 2006/074012

<400> 10
tttcgagcag

accactgact
gactcttcct
ggctctttga
aggacaattt
cttggggagc
cgagacggca
agtacctgga
tgtattatgt
gcctgetgeg
gcatgctcac
tctgectgga
tggtggcaca
gggacaagcg
cggtgttcgg
aacagctgga
agttcttctg
aaattggctg
cactggtgcg
gcgagtgttg
gcctttggaa
cagctggcca
gtcagcttac
tctgtccgga
attctcttct
ctgcctgtgce
‘tcaggaaggt
tcagctccca
ttgtcacggc
ttggcaaggc
aggagcacgg
agggcagctg
aaaaaaaaaa
<210> 11

<211> 1113
<212> DNA

gtcatttctt
tctccccatg
gtctgcgttt
agtgttcatc
caccggagtg
cccaattatc
gaaccttacc
gcacttcctg
gtttaccgac
ggtgaaacca
gctacacgag
cgtggaccag
gctgcacgcec
gtcggctgcec
gggcagtgtg
ccgtgagcat
gctgagcaag
gaggccagag
aacctagcag
aatggaattg
gggggacttc
gagagccttt
tttgcctaca
ccttaggttt
cttgctcttc
taacatgcag
ttccattect
agcagctggc
ctctgccacc
cattcaaggg
gagagtgttg
atcatctagt

addaaad

ctatctctct
gctctggagg
ggtctcctag
cccatgggcea
ctgcgtcact
tgggatgaga
attggactga
gtatcggcag
cgaccggaag
gtgagaagag
gctctgggag
tacttcagcg
tggcacttcc
gcgctgtegt
gcggetctgce
ggcattgagg
cccaccaagce
atccaccacc
gccaccctgg
caaaatgttt
ggaactcaga
ttgctccaac
aggccttect
gacagctgtc
acggtcttct
ctccctgtct
gcagctgggc
tgccttgetg
accacggctg
aagcctcttg
gctctcctcc

tttacagcca

PT6100PCTSEQ

gggctggaaa
gactcagggc
gcctgtacca
tctgecctat
gggcccggec
ccttcgaccc
ctgtctttgc
agcagtactt
cagtgcccca
agaagcgctg
ggcagctggg
gtaacttcgg
gctggectcg
taagcgaagg
tcaagctgac
cacgctggca
tgctgtcgec
ctcgtctgat
ccaggcgggc
caaaagcacg
ggtactgtgc
cagatgcaaa
tagcccttgg
tggagccatt
gttctacttc
gcatttgttc
tggcttectg
ctgttgtagt
tctcttcatg
tgggaccctt
ccaaccccat

taaaagaggt

pPage 10

aaactgcatg
caagaagaga
ttactggttc
ggccatcatg
tgaagtcctg
acacgtagct
ggtaggcagg
catggtcggce
cgtggctcta
gcaggacgtg
ccgagaagct
acccgaggtg
gtggatgctg
cgatttctac
ggctcactgt
cgacgagagc
agagttttgc
ctgggcaccc
acaggaacgt
aagtcagagc
ctggggeegt
ttatggaaag
taatggttgg
cctgtgacca
agcccccagce
aactgcttct
acccaatgag
gtggctggcea
ttcctagaca
cagctcggtc
ccctgcatge

gtttaagcca

PCT/US2005/047291
gcaggttttc 60
ctcctgtggc 120
aagattttca 180
cctctgctaa 240
acctgtacct 300
gagcgagagg 360
tacctggaga 420
cagaacgtgg 480
ggccagggtc 540
tcaatggctc 600
gactatgtgt 660
ctggcagatt 720
ccctacgaga 780
taccacgccg 840
gcgactggcc 900
cacctcaaca 960
tgggcagagg 1020
aaggagtacg 1080
ctttggcact 1140
cagttacact 1200
acacccttgt 1260
gcaagagttt 1320
tgtctcagct 1380
ggacctgcag 1440
tctccattct 1500
tccteccgtca 1560
cacttcccct 1620
gaccactcgg 1680
gccctcagcc 1740
ggtgtcatgt 1800
tagctcacta 1860
aaaaaaaaaa 1920

1936
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<213> Mus

<400> 11
atggctctygg

caagaaggac
aagagactcc
aggttcatta
ataatgcctc
gtcctgacct
gtagcccagc
ggcaggtacc
gtcggccaga
gctctaggcec
gacgtgtcca
gaagctgact
gaggtgctgdg
ctgctgccect
ttctactacc
cactgtgcga
gaaagccacc
ttctgctggg
gcacccaagg
<210>
<211>
<212>
<213> Sus

<400> 12
ctagttgtag

12
672
DNA

ccgtgggatt
taccttactc
tggttaatcg
tggctggaga
ctgagttacc
ggcaacacgg
atcaatgtag
ttgatggatg
aaaatactca
gcattaatga

ggaaaattta

musculus

ggacagagtt
agagacaaag
tgtggcggtt
ttatcaggct
tgccgaggga
gtacctcttg
aagaggcgag
tggagaagta
acgtggtgta
agggtcgect
tggcacgcat
ttgtgttctg
cagatttggt
acgagaggga
acgctgcggt
ctggccaaca
ttaacaagtt
cagaggaaat

aatatacgct

sp.

aaaaggatga
cagaacccag
acgcctgcat
gtcctgcttt
ggctgagccg
caacactgaa
aaagacctgt
tgccatttgg
gcgttcatcc
atacagtgga
tgagtgattt
ct

gggagtgagc
aggcccaggg
cttcctgtct
catagaaggc
caatttcaca
gggagcacca
acggcggaac
cctggaacac
ctatgtgttt
gctgcgggca
gcccacgcta
cctggacgtg
ggcacagctg
caagcgatcg
gtttggcggc
gctggaccat
cttctggetg
tatctggagg

ggtgcgaaac

agaaaatgga
atctcctgaa
ggacctcaag
tgcgcgagga
cgcagattta
gaagcttgct
attttggaat
aatatggcag
tgagatggac
ttgcaccaga

tgctggagga

PT6100PCTSEQ

tggccagggt

aagccaacct
gcatttggtt
tccatcccca
ggagtactgc
attatttggg
ctcaccatcg
ttcctggtat
acggatcgcc
aaacccgtgce
cacgaggctc
gaccagtact
cacgcctggc
gctgctgege
agtgtggctg
aagcgeggea
aacaagccca
agagagatcc

tag

gttttgcttc
gatttggctt
ctgggagaca
tggtggttac
atttacatca
gagagaagac
ctgaatcaga
caggtagaca
acttgcatta
cccaatggag

gcttcaggct

Page 11

cacatggaag
ggggactttc
tcttaggcect
tgggcacctg
accactgggc
atggcacttt
ggctgactgt
cggcagagca
cggaagcagt
agcgagagag
tgggagggca
tcaccggtaa
actaccgctg
tgtcgttaag
cactgctcaa
ttgaggcact
ccaagctgcet

atcacccacg

tagaactaaa
ttggggaagt
agaggatggt
tacacgagcc
gtcacatgca
cagatgttcc
gtggcgtcca
aaaatcttcg
ttgtggaata
gaaggctgcc

ttccaatgac

PCT/US2005/047291
ttgccgagaa 60
acgggccaag 120
gtaccattac 180
ccctacagcec 240
ccggcectgaa 300
cgaccctcat 360
gtttgctgta 420
gcacttcatg 480
gccctatgtg 540
gcgctggcag 600
gctgggccaa 660
cttcgggcect 720
gccgeggtgg 780
cgaaggcgat 840
actgacggcc 900
ctggcacgac 960
gtcgcctgag 1020
cctgctctgg 1080

1113
tcctectaac 60
gcagatcacg 120
gttcgatcct 180
tccatctgat 240
ctcagaccac 300
catttatgtt 360
gttgactaat 420
attcatgatc 480
caaaggtcat 540
tatgaaggtt 600
tttcagtggt 660

672



WO 2006/074012

13
2282
DNA

<210>
<211>
<212>
<213> Mus

<400> 13
ggaccctcca

gatcagcagg
agcctgectct
tgcttctgaa
ttgaaaaatc
tgatgtttcc
agtctaaagt
caccagcagc
tgagaccctg
ttttcgaaat
ggcatgcaag
agatggaagg
atatatcaac
caatgggctt
tcctgaagaa
cctcaagttg
Cccgaggatgg
agacctcatt
gctttcccag
ttggaacctg
atggcaacag
gatggacaca
caccagaccc
aggaggtgca
agcccagttc
ggacctgcag
tgacaagtac
caggaaaaac
caggatgctg
gatttacaag
agatgaaatc

gaattacaac

musculus

ttctggcagt
gtggagctgg
gcatctgtgt
aaaaacctcc
caggctgtat
tgaccagctt
catcctcgee
tgctttgaaa
ctgaccctgt
aagactactg
aacctctgca
tccgttaaat
cctccaggga
tccctggtag
ttagcttttg
ggagacaagc
tggttgctac
tatatcagcc
agacgaccag
gatcagagtg
gtagacaaaa
tgcattatcg
aatgggggaa
tcaggctttc
attaaggctg
ccccgaatct
attaaggaaa
tctgacgtgg
aaggacccaa
gattcctggg
ttctgtcatt

ctggtggtca

ggcagctgtg
gagaggggta
ctccagagga
tggccacaca
tataaacatc
ggatgctgtc
atcctcgect
taccctggag
ctcctgctga
ggaaagagta
agcaccaggg
gcacaaagca
gcttctgtca
aactgaaccc
gggaagtaca
gaatggtatt
atgagcctcc
acatgcactc
acattcccat
gcgtcgggtt
gtctgcggtt
tggagtacaa
ggcttcctga
caatgacttt
aaagaagaaa
actgtccgtt
caaacaccaa
tgacatggac
cagacagcaa
actttggccc
catcctggat
ggatgattga

PT6100PCTSEQ

aagtctagcg
gtgttgatgt
acttgaactt
gaaatcaaat
aattaaaaga
acctttgtct
tcctggtgtg
ctggcagatg
agttgccaac
cattttatac
aggcctgttce
caactggaag
agacgagctc
tcctaacccec
gataacatat
tgacccttgg
atctgactgg
agaccacctg
ttatgttggc
aactéacatc
catgatcttg
aggtcataaa
gaaagttgct
cagtggtgga
gcttctgaat
tgctgggtac
aaatgaccca
cccacgacct
gggcattgtg
gtacctggag
taaagagtac

aacagatgaa
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atcttcttct
tagacacata
cccagctgta
aaaattttta
agatctgggc
actcagaagg
attcgcagaa
atggacagga
ctcaaggaag
aaggagaagg
atgaaagaca
ttagacgtga
gttattgaaa
tgggactctg
ctcactcatg
ttaattggcc
ttggagaggc
agctacccta
gacacagaaa
aacgtggttc
atggacggcg
atactcaaca
ctaatgatga
aaatttactg
tacaaagctc
tttgtggagt
aatcagctca
ggcgctgtece
gagcctccag
atcttgaatt
ttcacgtggg

gatttcagcc

PCT/US2005/047291

ggagagaaca
atgtgacatc
ctttggtaat
atcaagcaaa
ctgggccttt
gagtaaaggc
gtagaaagaa
aacagacagc
ggatcaattt
accatctaaa
tcgaggattt
gcaccatgaa
tggatgaaaa
atcccaggtc
cctgcatgga
ctgcttttge
tgtgcaaagc
ccctgaagcea
ggcctgtgtt
catttggaat
ttcatcctga
cagtggactg
gtgatttcgc
aggaatggaa
agctggtgaa
ctcacccatc
acaatcttat
tcgaccttgy
aggggacaaa
ctgctgtcag
ctggatttaa
cttttcctgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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agggtacgac
ggagcatcct
cggcctgcetg
tatataccat
ctggaagtcg
cccagaggat

ga

<210>
<211>
<212>
<213> Mus

<400> 14
ggaccctcca

14
DNA

gatcagcagg
ccagcagttt
ggcagactct
gggagaggag
gtctccagag
cctggccaca
attataaaca
ttggatgctg
ccatcctcgce
aataccctgg
gtctcctgcet
tgggaaagag
caagcaccag
atgcacaaag
gagcttctgt
agaactgaac
tggggaagta
gcgaatggta
acatgagcct
ccacatgcac
agacattccc
tggcgtcggg
aagtctgcgg
cgtggagtac

2444

tatctggtgg
tatgaagaaa
tgggatgatc
catctgtttt
ttcctaatge

ggtgcctgaa

musculus

ttctggcagt
caataatgga
ccagatatgg
ctctggatct
tagtgttgat
gaacttgaac
cagaaatcaa
tcaattaaaa
tcacctttgt
cttcctggtg
agctggcaga
gaagttgcca
tacattttat
ggaggcctgt
cacaactgga
caagacgagc
cctcctaacc
cagataacat
tttgaccctt
ccatctgact
tcagaccacc
atttatgttg
ttaactaaca
ttcatgatct

aaaggtcata

actttctaga
tccatagecg
tgtatattgg
ggaatcattt
actgtgatta

cattcaagat

ggcagctgtg
gtgttcccgg
ggattgatcc
gctcctggat
gttagacaca
ttccecagcetg
ataaaatttt
gaagatctgg
ctactcagaa
tgattcgcag
tgatggacag
acctcaagga
acaaggagaa
tcatgaaaga
agttagacgt
tcgttattga
cctgggactc
atctcactca
ggttaattgg
ggttggagag
tgagctaccc
gcgacacaga
tcaacgtggt
tgatggacgg

aaatactcaa

PT6100PCTSEQ

tttatccttt
ggtggatgtc
attccagacc
tcagataaaa
gtctggacct

gggtctceccc

aagtctagcg
tcaactctca
ccttcagtgce
tgagctctac
taatgtgaca
tactttggta
taatcaagca
gcctgggect
gggagtaaag
aagtagaaag
gaaacagaca
agggatcaat
ggaccatcta
catcgaggat
gagcaccatg
aatggatgaa
tgatcccagg
tgcctgcatg
ccctgetttt
gctgtgcaaa
taccctgaag
aaggcctgtg
tccatttgga
cgttcatcct

cacagtggac
Page 13

ccgaaagaaa
atcaggtacg
cgattgctgce
ctccctctaa
ggtaagtccc
tgcttcgata

atcttcttct
tggcctcagg
ctcttgggac
aaatacagga
tcagcctgcet
attgcttctg
aattgaaaaa
tttgatgttt
gcagtctaaa
aacaccagca
gctgagaccc
ttttttcgaa
aaggcatgca
ttagatggaa
aaatatatca
aacaatgggc
tctcctgaag
gacctcaagt
gcccgaggat
gcagacctca
cagctttccc
ttttggaacc
atatggcaac
gagatggaca

tgcaccagac
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gacccagccg
tggtgaagaa
gggaccctga
caccacccaa
aggaccccag

aacctttctg

ggagagaaca
actctcacag
atggaatatt
gggtggagct
ctgcatctgt
aaaaaaacct
tccaggetgt
cctgaccagce
gtcatcctcg
gctgctttga
tgctgaccct
ataagactac
agaacctctg
ggtccgttaa
accctccagg
tttccctggt
aattagcttt
tgggagacaa
ggtggttgct
tttatatcag
agagacgacc
tggatcagag
aggtagacaa

catgcattat

Ccaatggggd

1980
2040
2100
2160
2220
2280
2282

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
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aaggcttcct
tccaatgact
tgaaagaaga
ctactgtccg
aacaaacacc
ggtgacatgg
aacagacagc
ggactttggc
ttcatcctgg
caggatgatt
ggactttcta
aatccatagc
tctgtatatt
ttggaatcat
gcactgtgat
aacattcaag
<210>
<211>
<212>
<213> Mus

<400> 15
aagcaccatg

15
DNA

gctgagggca
tgatttgatc
agaggttcag
tgagccteag
attccaggag
aaaagaagat
ccagaggcga
aaatctaaca
tattaaagaa
gacggaacta
acggtacaca
gagtaaatgg
gtttgcactg
ctttgtgtac

tctggttact

1165

gagaaagttg
ttcagtggtg
aagcttctga
tttgctgggt
aaaaatgacc
accccacgac
aagggcattg
ccgtacctgg
attaaagagt
gaaacagatg
gatttatcct
cgggtggatg
ggattccaga
tttcagataa
tagtctggac
atgggtctcc

musculus

ttgaaactat
gggtggagct
ctgacttcta
tgctttgtgt
gcaaccaacc
tgcagtcact
atccagctct
gctgtacaga
ctcagcaatc
cgctgtttac
atagtgaatc
tttcgggttc
agccagcctg
gaagctgtgc
tgttggttgg

gaataccaag

ctctaatgat
gaaaatttac
attacaaagc
actttgtgga
caaatcagct
ctggcgctgt
tggagcctcc
agatcttgaa
acttcacgtg
aagatttcag
ttccgaaaga
tcatcaggta
cccgattget
aactccctct
ctggtaagtc

cctgcttcga

tattgtcacc
ccaaggtcct
cagcccctga
tcaacataga
tcacgctgca
atttgttctc
accagacatt
agctaaacct
tgagtgaatc
aatacttggt
atgaacctag
ggagccgceta
tccactgggg
ttatccctgt
aacgaatgcc

ggaacttttc

PT6100PCTSEQ

gagtgatttc
tgaggaatgg
tcagctggtg
gtctcaccca
caacaatctt
cctcgacctt
agaggggaca
ttctgctgte
ggctggattt
cccttttcect
aagacccagc
cgtggtgaag
gcgggaccct
aacaccaccc
ccaggacccc

taaacctttc

tagatccttc
catgtccagt
acacctcagt
gtacatgaat
ctataggtac
caaagagatt
tgttgtccag
acagaatctt
ccagctagag
gcagtaccgg
attctccctg
taacccaatc
gagtcatact
tggcaccatg

tccaattccc

ggcctggagt
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gcaggaggtg
aaagcccagt
aaggacctgc
tctgacaagt
atcaggaaaa
ggcaggatgc
aagatttaca
agagatgaaa
aagaattaca
ggagggtacg
cgggagcatc
aacggcctgce
gatatatacc
aactggaagt
agcccagagg

tgga

ttagtccttc
gcgaatgaag
gctcctactc
tgcacttgga
aaggtatctg
acttctggcet
ctccaggacc
gtgatcccac
ctgagatgga
agcaacagag
cctagtgtgg
tgtggaagtt
gtagaggaga
gggttgatta
cccatcaaga

ggtgtgtcta

PCT/US2005/047291
catcaggctt 1560
tcattaaggc 1620
agccccgaat 1680
acattaagga 1740
actctgacgt 1800
tgaaggaccc 1860
aggattcctg 1920
tcttctgtca 1980
acctggtggt 2040
actatctggt 2100
cttatgaaga 2160
tgtgggatga 2220
atcatctgtt 2280
cgttcctaat 2340
atggtgcctg 2400

2444
agctgctcct 60
acatcaaagc 120
tgccecttcec 180
atagcagttc 240
ataataatac 300
gtcagataca 360
cccagaaacc 420
gggctccaga 480
aaagcagaca 540
atcgaagctg 600
atgagctgaa 660
ctcaacagtg 720
atccttectt 780
ttaccctgat 840
atctagagga 900
aagggctgac 960
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PT6100PCTSEQ

tgagagtctg cagccagact acagtgaacg gttctgccac gtcagcgaga ttccccccaa 1020
aggaggggcc ctaggagagg ggcctggagg ttctccttgc agcctgcata gcccttactg 1080
gcctccecca tgttattctc tgaagccgga agcctgaaca tcaatccttt gatggaacct 1140
caaagtccta tagtcctaag tgacg 1165
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