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HUMANIZED SKELETAL MUSCLE
Clatm of Priority

This application claims the benefit of priority of U.S. Provisional Patent

Application No. 62/187,027, filed 30 Juuc 2015, the benefit of prionty of which is
5  claimed hereby, and which is incorporated by reference herein in 1ts entirety.
Background of the Invention

Myopathic diseases such as muscular dystrophies are common and deadly.
Additionally, many rauscular conditions, such as atrophy and sarcopenia are associated
with aging. While skeletal mmscle has a tremendous capacity for regeneration, this

10 potential slumately fails with disease and aging. No treatments are corrently available
for ternunal muscle diseases and {ifty percent of the falls in the elderly lead to their
demmse.

Summary of the Invention

Described herein is the development of MYF3/MYOD/MRFE4 knockout pigs or

15  other animals, such as cow or goat, as hosts for production of personalized
human/humanized nuscle/muscle cells for clinical applications.

MYF5/MYOD/MRF4 null porcine embryos have been gencrated using gene
editing technologies. Performing multiple gene edits for MYFS/MYOD/MRF4 created
a permissive niche that is repopulated with muscle using human cells with plaripotent

20 capacity, to vield humanized skeletal muscle (e.g., in a non-human animal).

One emabodiment provides a non-human animal cell, moorula or blastocyst
wherein the genome carries a mutation in both alleles of the MYFS gene, MYOD gene,
MRF4 gene or a corabination thereof such that the non-human animal cell, morula or
blastocyst facks functional MYFS5 protein, MYOD protein, MRF4 protetnor a

25 combination thereof. In one embodiment, the maration is a deletion of the MYF5 gene,
MYOD gene, and/or MRF4 gene. In one embodiment, the non-human anirmaal cell,
morula or blastocyst is a porcine, bovine, equine or goat.

One ermabodiment provides a chimeric non-human animal, morgda or blastocyst
expressing human MYF5, MYOD, and/or MRF4 and lacking expression of said non-

30 human amimal MYE, MYOD, and/or MRF4. In one embodiment, the non-human ammal
produces humamized skeletal muscle cells and/or tissue. In one embodiment, the non-

feman animal s a porcine, bovine, equine or goat.

MYOD, MRF4 or a combination thereof and lacking expression of endogenous pig
35  MYF5, MYOD, MRF4 or a combination thereof (a pig-pig chimera).
One embodiment provides a method for producing a chimeric non-human
aninial expressing & human MYFS gene, MYOD gene, MRF4 gene or a combination

4
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thereof comprising: a) generating a MYFS, MYOD, MRF4 or a combination thereof
nuil pon-human animal celf, wherein both copies of the pig MYFS gene, MYOD gene,
MRF4 gene or a combination thereof carry a mutation that prevents production of
functional MYF3 protein, MYOD protein, MRF4 protein or a combination thereof in

5 said non-human animal; b) creating a MYFS, MYOD, MRF4 or a combination thereof
nuil non-human morula or blastocyst by sematic cell nuclear transfer comprising fusing
a nucleus from said MYFS, MYOD, MRF4 or a combination thereof nudl non-human
animal cell of a) into an enucleated non-human cocyte and activating said oocyie to
divide so as to form a MYF3, MYOD, MRF4 or a combination thereof null non-human

10 morala or blastocyst; ¢ introdocing humian stem cells into the MYFES, MYOD, MRF4
or a combination thereof noll non-human morula or blastocyst of b); and d) tmplanting
said morula or blastocyst from ¢) into 2 pseadopregnant surrogate non-tuman animal to
generate a chimeric non-human animal expressing human MYFS5, MYOD, MRF4 or a
combination thereof.

15 Another embodiment provides a method for producing a chimeric pig
expressing an exogenous MYF5 gene, MYOD gene, MRF4 gene or a combination
thereof comprising: a) generating a MYF3, MYOD, MRF4 or a combination thereof
null pig cell, wherein both copies of the endogenous pig MYFS gene, MYOD gene,
MRF4 gene or a combination thereof gene carry a nmitation that prevents production of

20 functional endogenous pig MYF35 protein, MYOD protein, MRF4 protein or
combination thereof; b) creating a MYFS, MYOD, MRF4 or a combination thercof null
pig morula or blastocyst by somatic cefl nuclear transfer comprising fusing a nucleus
from said MYFES, MYOD, MRF4 or a combination thereof null pig cell of a) into an
enucleated pig cocyte and activating said oocyte to divide so as to form a MYFS5,

25 MYOD, MRF4 or a combination thereof null pig moranla or blastocyst; ¢} introducing
pig stem cells into the pig MYFS, MYQD, MRF4 or a combination thereof null morula
or blastocyst of b); and d) implanting said morula or blastocyst from ¢) into a
pseudopregnant surrogate pig to generate a chirperic pig expressing ex0gencus pig
MYF35, MYOD, MRF4 or a combination thereof.

30 One embodiment provides a method of prodocing human and/or humanized
skeletal muscle cells in a non-human animal comprising: a) generating a MYFS5,
MYOD, MRF4 or a combination thereof null non-human animal cell, wherein both
alleles of the non-human animal MYFS5 gene, MYOD gene, MRF4 geneora
combination thereof carry a mutation that prevents production of functional MYFS

35  protein, MYOD protein, MRF4 protein or combination thereof; b} creating a MYFS,
MYOD, MRF4 or a combination thereof null non-human animal blastocyst or morula

by somatic cell nuclear tranafer comprising fusing a nucleus from said MYFS, MYOD,

2
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MRF4 or a combination thereof null non-human animal cell of a) into an enucleated
non-human cocyte and activating said oocyte to divide so as to form a MYFS, MYOD,
MRF4 or a combination thereof null non-human morula or blastocyst; ¢} introducing
human donor stem cells into the MYFS, MYOD, MRF4 or a conmbination thereof null
non-human blastocyst or moorsla of by; and d) implanting said blastocyst or morula
from ¢) into a psendopregnant surrogate non-human apimal so as o generate a non-
human aniral expressing human or humanized skeletal nwscles cells.

In one embodiment, the non-human animal is a porcine, bovine, equinc or goat.
In another ersbodiment, the human donor stera cell 1s a ussue specific stem call,
phuripotent stem celf, molupotent adult stem cell, induced phuripotent ster celt or
umbilical cord blood stem cell (DCBSC). In one embodiment, the induced pluripotent
cell is formed from a fibroblast cell.

One embodiment comprises a non-hunan animal produced by the methods
described herein.

In one embodiment provides a pig cell, morula or blastocyst wherein the
genome carries a nmtation (such as an early stop codon or deletion) in both alleles of the
MYFS gene, MYOD gene, MRF4 gene or a combination thereof such that the pig cell or
blastocyst lacks functional MYFS5 protein, MYOD protein, MRF4 proteinor a
combination thereof. In one embodiment, the mutation is a deletion of the MYFS gene,
MYOD gene, MRF4 gene or a combination thereof.

One emabodiment provides a chimeric pig expressing human MYFS, MYOD,
MRF4 or 2 combination thereof and lacking expression of pig MYF3, MYOD, MRF4 or
a combination thereof. In one embodiment, the chimeric pig produces humanized
skeletal muscle cells and/or tissue.

Another embodiment provides a chimeric pig expressing pig MYFES, MYOD,
MRF4 chiained from a pig stem celis (a pig-pig chimera).

One emabodiment provides a method for producing & chimeric pig cxpressing a
human MYFS gene, MYOD gene, MRF4 gene or a combination thereof comprising: a)
generating a MYFS, MYOD, MRF4 or a combination thereof mull pig cell, wherein both
copics of the pig MYF3 gene, MYOD gene, MRF4 gene or a combination thereof gene
carry a mutation that prevents production of functional pig MYFS5 protein, MYOD
protein, MRF4 protein or combination thereof; b) creating a MYFS, MYOD, MRF4 or a
combination thereof null pig moruala or blastocyst by somatic cell nuclear transfer
comprising fusing a macleus from said MYF5, MYOD, MRF4 or a combination thereof
null pig cell of a) into an enucleated pig cocyte and activating said oocyte to divide so
as to form a MYF3, MYOD, MRF4 or a combination thereof null pig morula or

blastocyst; ¢} introducing human stem cells into the pig MYFS, MYOD, MRF4 or a
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comabination thereof null morula or blastocyst of b); and d) 1mplanting said morula or
blastocyst from ¢) into a pseudopregnant surrogate pig to generate a chimeric pig
expressing human MYFS, MYOD, MRF4 (and human skeletal muscle) ora
combination thereof.

Another embodiment provides a method of producing humanized skeletal
rauscle cells 1o pigs comprising: a) generating a MYFS, MYOD, MRF4 or a2
combination thereof null pig cell, wherein both alleles of the pig MYFS gene, MYOD
gene, MRF4 gene or a combination thereof carry a mutation that prevernts production of
functional pig MYF5 protein, MYOD protein, MRF4 protein or combination thereof; b)
creating a MYFS, MYOD, MRF4 or a combination thereof null pig morula or blastocyst
by somatic cell nuclear wansfer comprising fusing a pucleus from said MYFS, MYOD,
MRF4 or a combination thereof null pig cell of a} 1nto an envcleated pig oocyte and
activating said oocyte to divide so as to form a MYFS, MYOD, MRF4 or a combination
thereof null pig morula or blastocyst; ¢) introducing human stem cells into the pig
MYFS, MYOD, MRF4 or a combination thereotf null morula or blastocyst of b); and d)
implanting said morula or blastocyst from ¢) into a pseudopregnant strrogate pig so as
to generate a pig expressing humanized skeletal muscles cells.

In one embodiment, the methods use a human induced pluripotent stem cell or a
human umbilical cord blood stem cell. In one embodiment, the methods use a2 human
induced pluripotent cell is formed from a fibroblast cell.

One emabodiment provides a gene knockout pig cell or blastocyst wherein the
genome comprises a deletion of the MYFES, MYOD, MRF4 gene(s) or a combination
thereof gene such that the pig cell or blastocyst lacks functional MYF5, MYOD, MRF4
protein or a combination thereof, wherein the pig cell or blastocyst s homozyzous for
the deletion. In one embodiment, the sequence of wild type pig (Sus scrofa) MYFS is
provided at MYF5 ENSSSCGO0000000937 (MYF5 ENSGO0000111049), MYOD is
provided at MYOD NC_010444 (Human Gene: MYOD ENSGO0000129152), and
MRF4 (also known as MYFG) 1s provided at MYF6 ENSSSCGO0000026533 (Human
Gene: MYF6 ENSGO00001 11046).

t would be vseful to make human or homanized tissues and organs
personalized to each recipient’s immune complex. As disclosed herein, it is possible to
do 3o by using a large animal as a host and ediung its genome to knock out or debilitate
genes responsibie for the growth and/or differentiation of a target organ and inoculating
that animal at a blastocyst or zygote stage with donor atem cells to compliement the
missing genetic information for the growth and development of the organ. The result is
a chimeric animal in which the complemented tissue (human/humanized organ) matches

the genotype and phenotype of the donor. Such organs may be made in a single

4
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generation and the stem celf may be taken or generated from the patient’s own body. As
disclosed herein, it is possible to do s0 by simultaneously editing mmltiple genes in a
cell (see, for example, WO 2015/1681 25, which is incorporated herein by reference).
Multiple genes can be targeted for editing using targeted nucleases and homology

5 directed repair (HDR) templates in vertebrate cells or embryos.
Brief Description of the Drawings

Figure 1 depicts the overall strategy to produce hmmanized skeletal mmscle ina
pig model. Multiplex gene editing is utilized to produce MYF5/MYOD/MRF4 mmutant
pig fibroblasts, SCNT and huoman stem cell delivery to engineer a pig with manized

10 skeletal muscle.

Figmwes 2A-B demonstrate that Myf5, Myod and Mrfd are master regolators of
skeletal muscle and are restricted o skeletal muscle in development and in the adudt.
Shown here is Myod-GFP transgenic expression which 1s restricted to the somites,
diaphragm and established skeletal muscle in mouse at E11.5 (panel A). In panel B, in

15 situ hybridization of a parasagittal section of a E13.5 (mid-gestation) mouse embryo
using a 355-labeled MyoD riboprobe. Note expression in back, intercostal and limb
nmuscle groups (9).

Figures 3A-C (A.) TALEN pairs were designed for swine MYOD, MYFS5, and

MYF5 (aka MREF4) genes. TALEN binding sites (denoted by red arrow heads) were

20  upstream of the basic (+) helix-loop-helix (HLH) domain for each gene. The TALEN
binding sites are shown above (denoted by red arrows) and the amino acid that was
targeted for a premature STOP codon by homology dependent repair (HDR) are denoted
by vellow arrows. (B.) 1500 ng of each TALEN pair was sirmtlianeously transfected
into primary swine fibroblasts along with 0.1 nmol of cach of the 90mer HDR oligos

25  desigoed to introduce the premature STCOP codon and a novel restriction enzyroe
recognition site (Hindli) o allow facile analysis of HDR events. The region of interest
for each gene was amplified by PCR and restriction fragment fength polymorphism
{RFLP) was assessed for the population of transfected cells. The closed arrow heads
denote the uncut or wild type alleles, while the open arrow heads denote the HDR

30 alleles. The percent of alleles posiuve for HDR for MYOD, MYFS, and MYF6 were
14%, 31%, and 36%, respectively. (C.) These populations were plated out for individual

5\

colony isolation. 38 out of 768 (4.9%) colonies demonstrated 4 or more RFLP events
and were farther analyzed by sequencing. Five clones were identified to be homozygous
knockout for all three genes by either HDR incorporating the premature STOP codon or

35  indels that would result in a frameshift and subsequent premature STOP codon. An
example of the RFLP analysis and sequencing of a clone that is a triple knockout for

MYOD/MYFS/MYFG 15 shown.
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Figures 4 A-B depict at E18.0, wild-type (Wt) embryos had well defined
somites(s), desmin positive (red) mavotomes (m) and developing musculature (Fig. 3A).
In addiion, the developing heart tube demonstrated strong desmin signal (h). In
contrast, MYFS/MYOD/MRF4 KO embryos showed a lack of tayotome formation
5  while the heart remained desmmn positive (Fig. 3B).
Figures 5A-B depict (A) Blastocyst with Enl-labeled mPSC in the ICM.
Arrows indicate cells positive for Dil and HNA. (B) Blastocyst with EdU-labeled
RiPSCs in the ICM. WPSC were labeled with 40 pM EdU for 24 hours and injected.
Blastocysts were pulsed with 10 pM BrdlJ for an howr to Iabel dividing cells. Double
10 posiuve cells are indicated by arrows. BrdU+/EdU- cells are dividing host cells. Note
that the blastocysts are beginning to hatch (brackets), which signifies developmental
PrOZression.
Figures 6 A-D depict E20 porcine MYFS/MYOD/MRF4 null embryos
complemented with GFP labeled blastomeres. Native GFP is observed in whole mount
15 embryos in the liver and yolk sac of the embryo. B. Section of porcine liver from
MYFS/MYOD/MRF4 null embryos (E20) complemented with GFP labeled
blastomeres. Native GFP is visible in the liver. C. PCR of yolk sac from E20 porcine
MYFS/MYOD/MRF4 null embryos complemented with GFP labeled blastomeres
{(Embryos I (shown in panels A, B, D), 3, 5). GFP-labeled pig fibroblasts are a positive
20 control while WT pig liver is a negative control. Titration is performed with GFP-
labejed fibroblasts. These data indicate that GFP is expressed in approximately 1:10
cells in the yolk sac. D. Section of somite from E20 porcine MYFS/MYOD/MRF4 null
embryos complemented with GFP labeled blastomeres demonstrates GFP
complernentation in present in the somites and that desmin (red) 1s present in GFP
25  labeled cells (arrowheads), These data deroonstrate the ability to successfully perform
pig:pig complerentation and, further, show that desmin 1s produced in complemented
cells. These data demonstrate the ability of creating a triple knockout in the porcine
model devoid of skeletal muscle that will create a piche for the formation of
complemenied ussoes. This approach is used to create humianized skeletal muscle n the
30 pig.
Detailed Description of the Invention
MYF5/MYOD/MRF4 null porcine embryos have been generated using gene
editing technologies. Performing multiple gene edits for MYF5/MYOD/MEF4 creates
a permiissive niche that is repopulated with mscle using pig cells with pluripotent
35  capacity, and will be repopulated with human stem cells to yield humanized skeletal
muscle in a non-human animal.

Definitions
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The following definitions are included to provide a clear and consistent
understanding of the specification and claims. As used herein, the recited terras have the
following meanings. All other terms and phrases used 1n this specification have their
ordinary meanings as one of skill in the art would understand. Such ordinary meanings

5  may be ohtained by reference to technical dictionanies, such as Hawley's Condensed
Chemical Dictionary 14th Edition, by R, Lewis, John Wiley & Sons, New York, N.Y,
20601,

"o

an embodiment,” etc.,

References in the specification to "one embodiment,
indicate that the erohodiment described may include a particular aspect, feature,

10 structure, mwoiety, or characteristic, but not every embodiment necessarily includes that
aspect, featore, structure, moltety, or characteristic. Moreover, such phrases may, bat do
not necessarily, refer to the same embodiment referred to tn other portions of the
specification. Further, when a particular aspect, feature, structure, moiety, or
characteristic is described in connection with an embodiment, it is within the knowledge

15 of one skilled in the art to affect or connect such aspect, feature, structure, moiety, or
characteristic with other embodiments, whether or not explicitly described.

As used herein, the articles "a” and “an” refer to one or to more than one, i.e., to
at least one, of the grammatical object of the article. By way of example, “an element”
nieans one element or more than one element.

20 The term "and/or” means any one of the items, any combination of the items, or
all of the ttems with which this term is associated. The phrase "one or more” is readily
understood by one of skill in the art, particalarty when read in context of its usage. For
example, one or more substituents on a phenyl ring refers to one to five, or one to four,

for example if the phenyl ring 18 disubstituted.

[
L

As used herein, “or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating a histing of items, “and/or” or
“or” shall be iterpreted as being inclusive, e.g., the inclusion of at least one, but also
including more than one, of & number of 1tems, and, optionally, additional unlisted
ttems. Only terms clearly indicated to the contrary, such as “only one of” or “exactly
30 one of,” or, when used 1n the claims, “consisting of,” will refer to the inchision of
exactly one element of a nurober or list of elements. In general, the term “or” as osed
herein shall only be interpreted as indicating exclusive alternatives (i.e., “one or the

2% 66

other but not both”) when preceded by terms of exclusivity, such as “either,” “one of,”

“only one of,” or “exactly one of.”

LEIETS

35 As used herein, the terms “including,” “includes,” “having,” “has,” “with,” or

variants thereof, are intended to be inclusive similar to the term “comprising.”
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The termo "about" can refer to a variation of 5%, + 10%, + 20%, or + 25% of
the value specified. For example, "about 50" percent can in some emabodiments carry 2
variation from 43 to 55 percent. For integer 1anges, the term "about” can include one or
two integers greater than and/or less than a recited integer at each end of the range.

5 Unless indicated otherwise berein, the term "about” is mntended to include values, e.g.,
weight percentages, proximate to the recited range that are equivalent in terms of the
functionality of the individual ingredient, the composition, or the embodiment. The term
about can also modify the end-points of a recited range.

As will be understood by the skilled artisan, all nombers, including those

10 expressing quantities of ingredients, properties such as molecular weight, reaction
conditions, and so forth, are approximations and are understood as being optionally
modified 1p all instances by the term "about.” These values can vary depending upon the
desired properties sought to be obtained by those skilled in the art utilizing the teachings
of the descriptions herein. It is also understood that such values inherently contain

15 varnability necessarily resulting from the standard deviations found in their respective
testing measurements.

As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges recited herein also
encompass any and all possible sub-ranges and combinations of sub-ranges thereof, as

20 well as the individual values making up the range, particularly integer values. A recited

ges or carbon groups) includes each specific vahue, integer,

range {(e.g., weight percentag
decimal, or identity within the range. Any listed range can be easily recognized as
sufficiently describing and enabling the same range being broken down into at Jeast

equal halves, thirds, quarters, fifths, or tenths. As a non-limiting exaraple, each range

[
L

discussed herein can be readily broken down into a lower third, middle third and upper

third, otc. As will also be understood by one skilled in the art, all language such as "up

to,” "at least,” "greater than,” "less than,” "more than,

on

or more," and the like, jnclude
the number recited and such terms refer to ranges that can be subsequently broken down
into sub-ranges as discussed above. In the same manaer, all ratios recited herein also

30 nclude all sub-rauos falling within the broader ratio. Accordingly, specific values
recited for radicals, substituents, and ranges, are for illustration only; they do not
exchude other defined values or other values within defined ranges for radicals and
substituents.

One skilled in the art will also readily recognize that where members are

35  grouped together in a common manner, such as in a Markush group, the invention

encompasses not only the entire group listed as a whole, but each member of the group

individually and all possible subgroups of the main group.

8
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Additionally, for all purposes, the invention encorapasses not only the main
group, but also the main group absent one or more of the group members. The invention
therefore envisages the explicit exclusion of any one or more of merabers of a recited
group. Accordingly, provisos may apply to any of the disclosed categories or

5  embodiments wherehy any one or more of the recited elements, species, or
embodiments, may he excluded from such categories or emboduments, for example, for
use in an explicit negative limitation.

4o

The term “isolated” refers to a factor(s), cell or cells which are not associated

with one or more factors, cells or one or more cellular components that are associated
10 with the factor(s}, cell or cells in vive.
The term "contacting™ refers to the act of touching, making contact, or of

bringing to immediate or close proxinuty, including at the ceflular or molecular level,
for example, to bring about a physiological reaction, a chemical reaction, or a physical
change, e.g., in a solution, in a reaction naxture, in vifro, or in vivo.

15 The terms “cell,” “cell line,” and “cell culture™ as vsed herein may be used
interchangeably. All of these terms also include their progeny, which are any and all
subsequent generations. 1t 1s understood that all progeny may not be idestical due to
deliberate or inadvertent mutations.

“Cells” inchude cells from, or the “subject” is, a vertebrate, such as 2 mammal,

20 inecloding a human, Mammals include, but are not imited to, bumans, farm animals,
sport animals and companion animals. Inchided in the term “animal” is dog, cat, fish,
gerbil, guinea pig, hamster, horse, rabbit, swine, mouse, monkey (e.g., ape, gonlla,
chimpanzee, or oranguian), rat, sheep, goat, cow and bird.

In one enmbodiment, the stem, progemtor or precursor cells are embryonic stem

25 cells, adult sten cells, induced pluripotent stem cells, and/or molupotent stem cells
{such as multipotent mesodermal precarsors). In one embodiment, the stem, progemtor
or precursor cells are mammalian cells. In one embodiment, the stem celis include, but
are not fimited to, induced pluripotent stem cells, umbilical blood cord stem cells,
mesenchymal stem cells, pluripotent stem cells. In one embodiment, the stem cells are

30  of human origin. In another embodiment, the stem cells are of pig origin.

Totipotent (a.k.a. omnipotent) stem cells can differentiate into embryonic and
extraembryonic cell types. Such cells can construct a conplete, viable organism. These
cells are produced from the fusion of an egg and sperm cell. Cells produced by the first
few divisions of the fertilized egg are also totipotent. Phuripotent stem cells are the

35  descendants of toupotent cells and can differentiate into nearly all cells, 1.e. cells
denved from any of the three germ layers. Multipotent stera cells can differentiate into a
aumber of cell types, but only those of a closely related farily of cells. Oligopotent
stem cells can differentiate into only a few cell types, such as lyrophoid or moyeloid stem
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cells. Unipotent cells can produce only one cell type, their own,[4] but have the property
of self-renewal, which distinguishes them from nos-stem cells {e.g. progenitor cells,
muscle stem cells).

“Expansion’” refers to the propagation of cells without differentiation.

5 “Progemtor cells” are cells produced duning differentiation of a stem cell that
have some, but not all, of the charactenstics of their termmnally-differentiated progeny.
Defined progenitor celis are commitied to a lineage, but not to a specific or terminally-
differentiated cell type. The phrase “endothelial cells” encompasses not only
terminally-differentiated cells types, but also cells that are committed to an endothelial

10 lineage, but are not terminally-differentiated.
“Dnfferentiation factors” refer to cellular factors, preferably growth factors or
angiogemc factors that mndoce lineage commitment.

2% 4

The terms “pig,” “swine” and “porcine” are used interchangeably and are
generic terms referring to the same type of animal without regards to gender, size or
15 breed. It is also noted that terms “pig,” “swine” and “porcine”, such as the null “pig,”
“swine” and “porcine” that is complemented with human or pig genes, the “pig,”
“swine” and “porcine” may be embryos, neonates or adults (including newborns and
young pigs).
As used herein, the phrase “humanized skeletal muscle” refers to cells or tissue
20 ina pig or other non-human amimal that express one more human genes and/or proteins.
In one embodiment, the pig cells or tissue that express one more human genes/proteins
do not express the corresponding functional pig gene and/or protein.
A “coding region” of a gene consists of the nucleotide residues of the coding

strand of the gene and the nucieotides of the non-coding strand of the gene which are

[
L

homologous with or comaplementary to, respectively, the coding region of an mRNA
molecule which is produced by transcription of the gene.

A “control” cell 15 a cell having the same cell type as a test cell. The control
cell may, for example, be exanmned at precisely or nearly the sarge time the test cell is
examined. The control cell may also, for example, be examined at a time distant from
30  the time at which the test cell 1s exammned, and the resulis of the examination of the

control cell may be recorded so that the recorded resudts may be compared with results
obtained by examination of a test cell.
As used herein, an “effective amount™ or “therapeutically effective amount”
means an amount sufficient to produce a selected effect, such as alleviating symptoms
35 of a disease or disorder. In the context of administering compounds in the formof a
combination, such as nualtiple compounds, the amount of each compound, when

administered in combination with another compound(s), may be different from when

10
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that compound is administered alone. Thus, an effective amount of a combination of

corapounds refers collectively to the combination as a whole, although the actual

amounts of cach compound may vary. The tero: “more effective” means that the

selected effect 15 alleviated to a greater extent by one treatment relative to the second
5  treatment to which it is being compared.

“Encoding” refers to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as teraplates for
synthesis of other polymers and mmacromolecules in biological processes having either 2
defined sequence of nucleotides (i.e., rRNA, (RNA and mRNA) or a defined sequence

10 of amino acids and the biological properties resulting therefrom. Thus, a gene encodes
a protein if transcription and translation of mRNA corresponding to that gene produces
the protein in a cell or other tological systern. Both the coding strand, the nucleotide
sequence of which is identical to the mRNA sequence and is usually provided in
sequence listings, and the non-coding strand, used as the template for transcription of a

15 genc or cDNA, can be referred to as encoding the protein or other product of that gene
or cDNA.

A “fragment” or “segment” is a portion of an anuno acid sequence, comprising
at least one amino acid, or a portion of a nucleic acid sequence comprising at least one
nucleotide. The terms “fragment” and “segment” are used interchangeably herein.

20 As used herein, a “functional” biological molecule is a biological molecule in a
form in which it exhibits a property by which it is characterized. A functional enzyue,
for example, is one which exhibits the characteristic catalytic activity by which the
enzyme is characterized.

“Homologous” as used herein, refers to the subunit sequence sumilarity between

[
L

two polymeric molecules, e.g., between two nucleic acid molecules, e.g., two DINA
molecides or two RNA molecules, or between two polypeptide molecudes. When a
subunit position in both of the two molecules is accupied by the same monomeric
subumit, e.g., if a position in each of two DNA molecules 1s occupied by adenine, then
they are homologous at that position. The homology between two sequences is a divect
30  function of the mimber of maiching or homologous positions, e.g., if half (e.g., five
positions in a polymer ten subunits in length) of the positions in two compound
sequences are bomologous then the two sequences are 50% homologous, i 90% of the
positions, e.g.. 9 of 10, are matched or homologous, the two sequences share 90%
homology. By way of examiple, the DNA sequences 3’ATTGCCS and 3’TATGGC
35  share 50% homology.

As used herein, “homelogy” is used synonymously with “identity.”

11
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The determination of percent identity between two nucleotide or amino acid
sequences can be accomplished using 2 mathematical algorithm. For example, a
mathematical algorithm usefill for comparing two sequences is the algonithun of Karlin
and Altschul (1990, Proc. Natl. Acad. Sci. USA 87:2264-2268), modificd as in Karlin

5 and Altschul (1993, Proc. Natl. Acad. Sci. USA 90:5873-5877). This algorithm is

incorporated into the NBLAST and XBLAST programs of Alischul, et al. (1990, J. Mol.
Biol. 215:403-410), and can be accessed, for example at the National Center for
Biotechnology Information (NCBI) world wide web site having the universal resource
locator using the BLAST tool at the NCBI website. BLAST pucleotide searches can be

10 performed with the NBLAST program {designated “blastn” at the NCBI web site), using
the following parameters: gap penalty = 5; gap extension penalty = 2; mismiatch penalty
= 3; match reward = 1; expectation value 10.0; and word size = 11 to obtain nucleotide
sequences homologous to a nucleic acid described herein. BLAST protein searches can
be performed with the XBLAST program (designated “blastn” at the NCBI web site) or

15 the NCBI “blastp” program, using the following parameters: expectation value 10.0,
BLOSUMG2 scoring matrix to obtain amino acid sequences homologous to a protein
nwlecule described herein. To obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschul et al. (1997, Nucleic Acids Res.
25:3389-3402). Alternatively, PSI-Blast or PHI-Blast can be used to perform an

20 iterated search which detects distant relationships between molecules (Id.) and
relationships between molecules which share a common patiern. When utilizing
BLAST, Gapped BLAST, PSI-Blast, and PHI-Blast programs, the default parameters of
the respective programs (e.g., XBLAST and NBLAST) can be used.

The percent identity between two sequences can be determined using

25 techniques sumilar to those described above, with or without allowing gaps. In
calculating percent identity, typically exact matches are counted.

As used herein, an “instructional mategal” includes a publication, a recording, 2
diagram, or any other medinm of expression which can be used to commuuicate the
usefuiness of the invention m the kit for effectng alleviation of the varions diseases or

30 disorders recited herein. Optionally, or alternately, the instructional material may
describe one or more methods of alfeviating the diseases or disorders 1n a cell o a tissue
of 2 marmmal. The instractional material of the kit of the invention may, for example,
be affixed to a container which contains the identified invention, or portion thereof, or
be shipped together with a container which contains the invention or portion thereof.

35 Alternatively, the instructional material may be shipped separately from the container
with the intention that the instructional material and the compound be used

cooperatively by the recipient.
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As used herein, the term “nucleic acid” encompasses RNA as well as single and
double stranded DNA and cDNA. Furthermore, the terpss, “mucleic acid,” “DNAJ”
“RNA” and sinxilar terms also include nucleic acid analogs, 1.¢. analogs having other
than a phosphodiester backbone. For example, the so called “peptide nucleic acids,”
which are knowa n the art and have peptide bonds instead of phosphodiester bonds
the backbone, are considered within the scope of the present ipvention. By “nucleic
acid™ is meant any nucleic acid, whether composed of deoxyribonucleosides or
ribonucleosides, and whether composed of phosphodiester linkages or modified
linkages such as phosphotriester, phosphoramidate, siloxane, carbonate,
carboxymethylester, acetamidate, carbamate, thioether, bridged phosphoramidate,
bridged methylene phosphonate, bridged phosphoramidate, bridged phosphoramidate,
bridged methylene phosphonate, phosphorothioate, methyviphosphonate,
phosphorodithioate, bridged phosphorothioate or sulfone linkages, and combinations of
such linkages. The term nucleic acid also specifically includes nucleic acids composed
of bases other than the five biologically occurring bases {adenine, guanine, thymine,
cytosine, and vracil). Conventional notation is used herein to describe polynucleotide
sequences: the left-hand end of a single-stranded polynucleotide sequence is the 5 -end;
the left-hand direction of a double-stranded polynucleotide sequence is referred to as the
5’ -direction. The direction of 57 to 3” addition of nucleotides to nascent RNA
transcripts is referred to as the transcription direction. The DNA strand having the same
sequence as an TaRNA is referred to as the “coding strand”; sequences on the DNA
strand which are located 57 to a reference pount on the DNA are referred to as “upstream
sequences”; sequences on the DPNA strand which are 37 to a reference point on the DNA
are referred to as “dowunstream sequences.”

The term “nucleic acid construct,” as vsed herein, encorapasses DNA and RNA
sequences encoding the particular gene or gene fragrment desired, whether ohtained by
genomic or synthetic methods.

Unless otherwise specified, a “nucleotide sequence encoding an amino acid
sequence” inchides all nucleotide sequences that are degenerate versions of each other
and that encode the samie amino acid sequence. Nocleotide sequences that encode
proteins and RNA may include introns.

The term “oligonucleotide” typically refers to short polynucieotides, generally,
no greater than about 50 nucleotides. it will be understood that when a nucleotide
sequence is represented by a DNA sequence (i.e., A, T, 5, C), this also includes an
RNA sequence {i.e., A, U, G, ) in which “U” replaces “T.”

Transcription Activator-Like Effector Nucleases (TALENs) are artificial

restriction enzymes generated by fusing the TAL effector DNA binding domain to a
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DNA cleavage domain. These reagents enable efficient, programmable, and specific
DNA cleavage for genome editing in situ. Transcription activator-like effectors
(TALEs) are proteins that bind DNA in a sequence specific way. By fusing such a
TALE to a nuclease (¢.g., Fokl endonuclease) a highly specific DNA “scissor” is made
(these molecules can be engineered to bind any DNA sequence). The termy TALEN, as
used herein, is broad and includes a monomeric TALEN that can cleave double stranded
DNA& without assistance from another TALEN. The termy TALEN 15 also used to refer to
one or both members of a pair of TALENS that are engineered to work together to
cleave DNA at the same site. TALENSs that work together may be referred to as a left-
TALEN and a right-TALEN, which references the handedness of DNA.

Once the TALEN genes have been assembled they are inserted into plasmmds;
the plasmids are then vsed to transfect the target cell where the gene products are
expressed and enter the nucleus to access the genome. TALENSs can be used to edit
genomes by inducing double-strand breaks (DSB) and optionally inserting a
cargo/preselected gene, which cells respond to with repair mechanisms. In this manner,
they can be used to correct mutations in the genome which, for example, cause disease.

Genetic engineering, including gene editing, can be carried out by any method
available to an art worker, for example, by the use of tartgeted endonucleases, and
homology directed repair (HDR), TALEN, CRISPR (e.g., CASY/CRISPR), recombinase
fusion molecules, synthetic porcine artificial chromosomes, meganucleases, zinc finger
or TAAY based systems for gene editing {e.g., to knockout desired target genes).
Further, a variety of nucleic acids can be introduced into cells, for knockout purposes,
for inactivation of a gene (such as interfering RNAs (shRNA, siRNA, dsRNA, RISC,
niRNA) or express a gene.

Somatic cell nuclear transfer (SCNT) 1s a Iaboratory technique for creating a
viable cmbryo from a body cell and an egg cell. The process of somatic cell nuclear
transplant involves two different cells. The first being a fernale gamete, known as the
ovam {egg/oocyte). The second being a somatic cell, referring to the cells of the human
body. Skin cells, fat cells, and hver cells are only a few examples. The nucleus of the

donor egg cell is removed and discarded, feaving it 'deprogramied.’ The nucleus of the

somatic cell is also removed but is kept, the enucleated somatic cell 1s discarded. What
is left i3 a lone somatic nuclews and an enucleated egg cell. These are then fused by
squirting the somatic nucleus into the 'empty’ ovom. After being inserted into the egg,
the somatic cell nucleus is reprogrammed by its host egg cell. The ovum, now
containing the somatic cell's nucleus, is stimulated with a shock and will begin to
divide. The egg is now viable and capable of producing an aduit organisin containing all

the necessary genetic information from just one parent. Development will ensue
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normally and after raany mitotic divisions, this single cell forms a blastocyst (an early
stage embryo with about 100 celis) with an identical genome to the original organism
(i.c. a clone). Stem cells can then be obtained by the destruction of this clone embryo for
use in therapeutic cloning or in the case of reproductive cloning the clone enbryo s

5  implanted into a host mother {(psendopragnant/surrogate) for further development and
brought to term.

“Chimera” refers to is a single organism composed of genetically distinct cells.

“Humanized” refers to an organ or tissue harvested from a non-hunan animal
whose protein sequences and genetic complement are more siynilar to those of a human

10 than the non-human host.

“Organ” refers to a collection of tissues joined tn a stroctural puit to serve a
common function. “Tissue” as used herein refers to a collection of similar cells from
the same origin that together carry out a specific function.

A nullizygous organism carries two mutant or missing alleles for the same gene.

15 The mutant/missing alleles are both conplete loss-of-function or 'null’ alleles, s0
homozygous null and nullizygous are synonymous.

A gene knockout {abbreviation: KO) is a genetic technique in which both of an
orgamism's alfeles are made inoperative ("knocked out” of the organism). The term
knockout, inactivated, and disrupted are used interchangeably herein to mean that the

20 targeted site is changed so that the gene expression product is eliminated or greatly
reduced. Also known as knockout organisms or simply knockouts. The term also refers
to the process of creating such an organism, as in "knocking out” a gene. The technigue
is essentially the opposite of a gene knockin.

The term gene is broad and refers to chromosomal DNA that is expressed to

[
L

make 2 fonctional product. Genes have alleles. Gene editing may be mon-allelic or hi-
allelic.

By describing two polynucieotides as “operably linked™ is meant that a single-
stranded or double-stranded nucleic acid moiety comprises the two polynucleotides
arranged within the mucleic actd motety in such a manner that at least one of the two
30 polymucleotides is able to exert a physiological effect by which it is characterized upon

the other. By way of example, a promoter operably linked to the coding region of a
gene 15 able to promote ranscription of the coding region.
“Recombinant polynucleotide” refers to a polynucleotide having sequences that
are not naturally joined together. An amplified or assembled recombinant
35 polymucleotide may be included in a sumitable vector, and the vector can be used to

transform a suitable host cell.
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A recombinant polynucleotide may serve a non-coding function (c.g., promoter,
origin of replication, nbosome-binding site, tc.) as well.

A host cell that comprises a recombinant polynucleotide is referred to as a
“recombinant host cell.” A gene which is expressed in a recombinant host cell wherein
the gene comprises a recornhinant polynucleotide, produces a “recombinant
polypeptide.”

A “recombinant cell” is a cell that comprises a transgene. Suchacellmaybea
cukaryotic or a prokaryotic cell.  Also, the transgenic cell encompasses, but is not
liraited to, an embryonic stem cell comprising the transgene, a cell ohtained froma
chimeric mammal derived from a transgemc embryonic stem cell where the cell
comiprises the transgene, a cell obtained from a transgenic manumal, or fetal or placental
tissue thereof, and a prokaryotic cell comprising the transgene.

The term “regulate” refers to either stinmdating or inhibiting a function or
activity of interest.

As used herein, a “subject in need thereof” is a patient, animal, mammal, or
human, who will benefit from the invention.

As used herein, a “substantially homologous amino acid sequences” includes
those amino acid sequences which have at least about 95% homology. preferably at
least about 96% homology, more preferably at least about 97% homology, even more
preferably at least about 98% homology, and most preferably at least about 99% or
more homology to an amino acid sequence of a reference antibody chain. Amino acid
sequence similarity or identity can be comnputed by using the BLASTP and TBLASTN
programs which craploy the BLAST (basic local alignment search tool) 2.0.14
algorithm. The default settings used for these programs are suitable for identifyving
substantially similar amino acid sequences for purposes of the present wnvention.

“Substantially homologous nucleic acid sequence” reans a mucleic acd
sequence corresponding to a reference nucleic acid sequence wherein the corresponding
sequence encodes a peptide having substantially the same structure and function as the
peptide encoded by the reference nucleic acid sequence; e.g., where only changes i
amino acids not significantly affecting the peptide function occuor. Preferably, the
sobstantially identical nucleic acid sequence encodes the peptide encoded by the
reference nucleic acid seguence. The percentage of identity between the sobstantially
sinsilar nucleic acid sequence and the reference micleic acid sequence is at least about
50%, 65%, 75%, 85%, 95%, 99% or more. Substantial identity of nucleic acid
sequences can be determined by comparing the sequence identity of two seguences, for
example by physical/chemical methods (i.e., hybridization) or by sequence alignment

via computer algorithm. Suitable nucleic acid hybridization conditions to determine if a
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nucleotide sequence is substantially similar to a reference nucleotide sequence are: 7%
sodiunm dodecyl! sulfate SDS, 0.5 M NaPO4, | mM EDTA at 50°C with washing in 2X
standard saline citrate (SSC), 0.1% SDS at 50°C; preferably in 7% (SD5), 0.5 M
NaP04, 1 mM EDTA at 50°C with washing in 1X 85, 0.19% SDS at 50°C; preferably
5 7% S5, 0.5 M NaPQ4, | ;M EDTA at 50°C with washing in Q.5X 535C, 0.1% SDS at
50°C; and more preferably in 7% 5DS, 0.5 M NaPO4, | mM EDTA at 50°C with
washing in 0.1X 5S8C, 0.1% 5DS at 65°C. Suitable computer algorithms to determine
substantial sinmularity between two nucleic acid sequences include, GCS program
package (Devereux et al., 1984 Nucl. Acids Res. 12:387), and the BLASTN or FASTA

10 programs {Altschal et al., 1990 Proc. Natl. Acad. Sci. USA. 1990 87:14:5509-13;
Altschul et al., J. Mol Biol. 1990 215:3:403-10; Altschul et al., 1997 Nucleic Acids
Res. 25:3389-3402). The default settings provided with these programs are suitable for
determining substantial similarity of mucleic acid sequences for purposes of the present
invention.

15 A “vector” is a composition of matter which comprises an isolated nucleic acid
and which can be used to deliver the isolated nucleic acid to the interior of a cell.
Numerous vectors are known in the art including, but not limited to, linear
polynucieotides, polynucleotides associated with ionic or amphiphilic compounds,
plasmids, and viruses. Thus, the term “vector” includes an autonomously replicating

20 plasmid or a virus. The term should also be construed to inchude non-plasnid and non-
viral compounds which factiitate transfer or delivery of nucleic acid to cells, such as, for
example, polylysine corapounds, liposomes, and the like. Examples of viral vectors
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors,
retroviral vectors, recorabinant viral vectors, and the hike. Examples of non-viral

25 wvectors include, but are not imited to, liposomes, polyamine dervatives of DNA and
the like.

Methods involving conventional molecudar biology techniques are described
herein. Such techmques are generally known in the art and are described in detail in
methodology treatises, such as Molecular Cloning: A Laboratory Manual, 2Znd ed., vol.

30 1-3. ed. Sambrook et al., Cold Sprning Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1989; and Cuorrent Protocols in Molecular Biology, ed. Ansubel et al., Greene
Pubhshing and Wiley-Interscience, New York, 1992 (with periodic spdates). Methods
for chemical synthesis of mucleic acids are discussed, for example, in Beaucage and
Carruthers, Tetra. Letts. 22: 1859-1862, 1981, and Matteucci et al., J. Am. Chem. Soc.

35  103:3185, 1981,

"o

The terms "comprises,” "comprising,” and the like can have the meaning

ascribed to theni in U.S. Patent Law and can mean "includes,” "including” and the like.
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As used herein, "including” or "includes™ or the like means including, withour
lirnitation.
Exogenic Organ/Tissue Production
The humanized large animal model is a resowrce for regenerative medicine and

5  will serve as a platform for personalized hmmanized porcine models. This strategy will
transform the corrent chimical practice paradigms for chronic muscoloskeletal diseases
and transplantation. Ablation of porcine skeletal muscle is unique, because it not only
aims to develop humanized skeletal raunscle in a large animal model, but because it is a
novel approach to circumvent imymune rejection, and can be broadly apphicable for

10 exogenic organ development strategies.

Currently, limited therapies are available for progressive muscle weakness,
musculoskeletal diseases (such as genetic disease such as muscudar dystrophy) or
sarcopenia (muscle weakness and wasting associated with the aging process). In some
cases, the only definitive therapy for advanced endstage organ failure or needed tissue

15  to treat a condition/disease is transplantation. The limiting factor for transplantation is
donor organ/tissue availability. Hondreds of thousands of patients could benefit from
such therapy, but are not suitable transplant candidates due to their comorbid diseases.
Therefore, there is a significant shortage of cadaveric or living-related donor
organs/tissue. Furthermore, transplantation of organs or tissue requires lifelong

20 immunosuppression which also has deleterious side effects. Herein the generation of
humanized tissues, in particular muscle tissue, in pigs s described, which will serve as
an unlumited source of whole muscle for transplantation and provide a paradigm shifting
platform for treatment of a number of disease and/or conditions diseases.

Interest has focused on xenogenic transplantation. For example, a rat pancreas

[
L

was produced in 2 mouse by the process of blastocyst complementation (27). In these

studies, blastocysts rmtant for Pdx 1, the master regulatory gene for pancreatic

development, were injected with pharipotent stem cells from wild-type (Wt) rat (rPSCs)

{27}, Transfer of the rPSC-injected blastocysts into smrrogate mouse dams gave rise o

mouse chimeras with functional pancreata composed of rat cells. These studies

30  demonstrate the generation of hiastocysts deficient in a key developmental regolatory
factor, so that the embryo completely lacks the target organ/tissue. These motant hosts
then provide a developmental “niche,” for the healthy donor stem cells to populate and
generate a donor-derived organ and/or tissue. The blastocyst complementation strategy
has also produced organs such as the kidney, thymus and liver i rodents, and recently

35  the pancreas in pigs (28-31).

Using a gene-editing platform, various developmental genes can be mutated

to generate organ and/or tissue deficient pigs, upon which blastocyst complementation
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can be deployed for the generation of exogenic organs and/or tissue. The efficiency of
this system allows many genes o be tested empidacally. The sinmitancous modification
of nuitiple regulatory genes permuits the modulation of coraplex tissuc ontogeny.
Muscle Diseases/Disorders

Muscles help you move and help vour body work. Dhfferent types of muscles
have different jobs. There are many problems that can affect muscles. Muscle disorders
can causc weakness, pain or even paralysis.

Causes of mouscle diseases/disorders include injury or overuse, such as sprains
or strains, cramps or tendinitis; a genetic disorder, such as muscular dystrophy, cancer,
inflammation, such as myositis, diseases of nerves that affect muscles, infections and
certain medicines.

Myopathy is a muscular disease in which the muscle fibers do not function for
any one of many reasons, resulting in muscular weakness. "Myopathy” simply means
niascle disease {myo- Greek poo "muscle” + pathos -pathy Greek "suffering”). This
meaning implies that the primary defect is within the muscle, as opposed to the nerves
{("neuropathies” or "neurogenic” disorders) or elsewhere (e.g., the brain etc.}. Muscle
cramps, stiffness, and spasm can also be associated with myopathy.

Muscular disease can be classified as neuromuscular or musculoskeletal in
nature. Some conditions, such as niyositis, can be considered both neuromuscular and
niasculoskeletal.

Myopathies (also known as mwuiscular dystrophy) in systemic disease results
fron several different disease processes including hereditary (presenting birth),
endocrine, inflanmmatory (inflammatory myopathics caused by, for example,
dermatomyositis, polymyositis; inclusion body myositis, vical {(HIV), parancoplastic,
infectious, drug- and toxin-induced (e.g., alcchol, corticostercids, narcotics, colchicines,
chloroquine), critical illness myopathy, metabolic, paraneoplastic myopathy, collagen
related, and myopathies with other systemic disorders. Patients with systemic
myopathies often present acutely or sub acutely. On the other hand, famihial myopathies
or dystrophies generally present in a chronic fashion with exceptions of metabolic
myopathies where symptoms on occasion can be precipitated acutely. Most of the
inflarnmatory myopathies can have a chance association with malignant lesions; the
incidence appears to be specifically increased in patients with dermatonyyosits.

There are many types of myopathy:

Inherited forms include: dystrophies ({or muscular dystrophies) are a subgroup
of myopathies characterized by muscle degeneration and regeneration. Clinically,
muscular dystrophies are typically progressive, because the muscles' ability to

regenerate is eventually lost, leading to progressive weakness, often leading to use of a
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wheelchair, and eventually death, usually related to respiratory weakness), Myotonia,
Neuromyotonia, congenital myopathies (which do not show evidence for either a
progressive dystrophic process (i.e., nwmscle death) or inflammation, but instead
characteristic microscopic changes are seen in association with reduced contractile
ability of the rauscles. Congenital myopathics include, but are not limited to: nemaline
rayopathy (characterized by presence of "nemnaline rods” in the rouscle), mult/mainicore
ravopathy (characterized by nmitiple small "cores™ or areas of disruption in the nwscle
fibers), centronuclear myopathy (or myotubular myopathy) (in which the nuclei are
abnormally found in the center of the muscle fibers), a rare muscle wasting disorder),
niitochondnal myopattses (which are due to defects in mitochondria, which provide a
sowurce of energy for muscle), familial periodic paralysis, inflammatory myopathies
{which are caused by problems with the tmrume system attacking components of the
niascle, leading to signs of inflammation in the muscle), metabolic myopathies (which
result from defects in biochentical metabolism that primarily affect muscle), glycogen
storage discases (which may affect muscle) and/or lipid storage disorder.

Acquired forms include: External substance induced myopathy, Drug-induced
nyyopathy, Glucocorticoid myopathy (is caused by this class of steroids increasing the
breakdown of the muscle proteins leading to muscle atrophy), Alcoholic myopathy,
Myopathy due to other toxic agents, dermatoniyositis produces muscle weakness and
skin changes; polymyositis produces muscle weakness, inclusion body myositis (is a
slowly progressive disease that produces weakness of hand grip and straightening of the
knees), Myositis ossificans, Rhabdomyolysis and/or myoglobumrias.
MYFSMYOD/MRY4

MYFS/MYOD/MRF4 were mutated to generate skeletal muscle lineage
deficient pig embryos (MYFS/MYOD/MRF4 null porcine embryos; see example 2 for
details). Specifically, embryos harvested at E12 and E24 were absent of destun in the
mryotames, but cardiac desmin was preserved. Moreover, by injecting GFP labeled
porcine blastomeres into null blastocysts, pigipig complementation was demonstrated
using PCR, histological and immuhistological approaches. In these complemented
entbryos, GFP was colocalized together with desmin 1n the somites (E24). Performing
multiplex gene edits for MYFS/MYOD/MRFE4 created a permussive niche that is
repopulated with muscle using pig stem cells with ploripotent capacity, to yield
wildtype pig skeletal muscle. This gene edited pig model, that lacks
MYF5/MYOD/MRF4, will be used to generate humanized skeletal muscle following
the delivery of human stem cells into the nmitant morula or blastocyst.

The humanized large animal model will be an important resource for

regenerative medicine and will serve as a platform for making personalized organs. This
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strategy can transform the current clinical practice paradigms for rauscle discases and
transplantation. To date, exogenic transplantation of organs has been performed
between mouse and rat {27, 29); and pig and pig (31), and no successful development of
humanized organs in large animal models have been reported. Incorporated herein by
reference is U.S. Provisional Application Senal No. 62/247,092; 62/247096; and
62247122,

The following examples are intended to further illustrate certain embodiments
of the invention and are not intended to limit the scope of the invention in any way.

EXAMPLE
WMaterials and Methods

Sow/gilts: Domestic maternal female pigs (8-12 months old) will be used as
embryo transfer recipients and cared for and maintained as regular domestic pigs in
prospective gestation and farrowing under approved [ACUC protocols.

Estrus Synchronization and Insemination: Sows will be given 6.8 mL of Mairix
{altrenogest 2.2 mg/ml.) mixed into their morning feed on days 11-22 of their estrus
cycle to synchronize estras. Lutalyse (2¢c) will be administered IM on the fast day of
Matrix and four days later. Sows will be checked for estrus twice daily, starting day &
after the end of Matrix administration. The sows will be inseminated with semen from
selected boars up to three times after first detected in estrus. Sows will be checked for
pregpancy between days 23-90 of gestation using cither Doppler ultrasound or
transabdominal ultrasound with a inear 5 1oHz transducer. Neither form of ulirasound 1s
invasive and does not harm the sow or fetuses. Blood samples may be taken from the
pregnant gilts/sows to determine if any discases are present at the request of the
veterinarian or for genetic analysis.

Embryo Transfer: Reconstructed cloned embryos are surgically transferred into
utert of asynchronous recipient female pigs. For surgical enibryo transfer, anesthesia is
induced with a combination of the following: ketamne (2 mg/kg), tletarine/zolazepam
{0.25 mglkg), xylazine {1 mg/kg), and atropine (0.03 mg/kg; all from lowa Veterinary
Supply} General anesthesia witl be maintained for the rest of the procedare with
isoflorane or sevothwane (3% inducton, maintenance at 1-4% to keep at surgical
plance). While in dorsal recumibence, the recipients are aseptically prepared for surgery
and a caudal ventral incision is made to expose and examine the reproductive tract,
including the uterus, oviducts and ovaries. Typically, 150-200 reconstructed cloned
embryos are placed in the isthmus of the oviduct using a 5.5-inch TomCat® catheter
{lowa Veterinary Supply). The uterus is placed back into the peritoneal cavity, and the

recipient animals are sutured and placed 11to postoperative recovery. During gestation,
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real-time ultrasound examination is used to confirm and monitor pregnancy using an
Aloka 500 Ultrasound Scanner (Aloka Co. Lid, Wallingford, CT) with an attached 3.3
MHz trans-abdominal probe. Recipient husbandry will be maintained as normal
gestating sows. For piglet production, recipients will be allowed to farrow naturally or
will be delivered by c-section prior to day 118 of gestation. Colostrum feeding and
intensive neonatal support, including Nurtinger reaning units, are available when
necessary.

Myf8, Myod, and Mixf4 are regulators of myogenesis

The discovery of the Myod family, including Myod, Myf5, Mrf4, and Myog,
provides the fundamental platform for understanding the regulatory mechanisms of
skeletal muscle myogenesis (6-8).

Moultiple strategies have been employed to investigate the regulatory network of
the Myod family during myogenesis, such as transcriptome analysis, promoter analysis
and ChiP-seq (6-7; 10). Myod family members are master myogenic regulators as they
transactivate a broad spectrum of gene families, including muscle specific genes,
transcription factors, cell cycle genes, ete. to promote a myogenic cell fate (6-7; 10-11).
Previous gene disruption studies have demonstrated that mice lacking
Myf5/Myod/MRF4 lack skeletal musclie and are lethal early following birth presumably
due to their inability for respiration (due to the absence of a diaphragm) (8).

Utiizing TALENs and homology-dependent repair (HDR) to knockout MYOD,
RMYFES, and MRF4

To examine the role of MYFS/MYOD/MRF4 (aka MYFG) in the pig, cach
coding sequence was removed using two TALEN pairs flanking the gene in porcine
fibroblasts (Fig. 3).

MYFS/MYOD/MEF4 knockout pig embryos lack skeletal muscle lineages

MYFS/MYOD/MRF4 null embryos were harvested and analyzed at E18.0 (Fig.
4A and 4B). In the mill, myotomne development is impaired and desoxin is absent when
compared to Wt erabryos. In contrast, cardiac desmin s preserved in the null indicating
the specificity of the gene edit. The results in the mouse and pig reflect a similar
phenotype and support the notion that the function of MYFS/MYOD/MRFE4 are
conserved between niice and pigs as mutant embryos lack skeletal muscle. These data
demonstrate that one can direct multiple mutations into the porcine genome o support
growth of chimeric organs that will be humanized in more than one cell type.
Complementation of MYFS/MYOD/MREF4 knockout phenotype with GFP WT pig
blastomeres

Porcine MYF5/MYOD/MEF4 null blastocysts were generated using SCNT, and

injected with GFP-labeled porcine blastomeres (since no validated porcine ES cells are
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availabie, blastormeres were uitlized for this experiment). The resulting chimeras were
implanted in pseudopregnant sows and examined at E20. The feasibility of
comaplementation was dermnonstrated, as liver and volk sac were GEP positive.
Additionally, approximately 10% of porcine MYFS5/MYOD/MRFE4 null blastocysts
were GFP labeled by PCR analysis. These data support the feasibility of pigipig
complementation in this porcine mutant host.

Human induced human pluripotent stem cells (hiPSC) integrate into the inner cell
mass of porcine parthenoles, blastocyst and selection of beman stem cell dopors

Additional data are provided to demonstrate generatation hurpan-pig chimeras.
The capacity of human umbilical cord stem cells (hUCBSC) and iPSC were exarmned
for their capacity to integrate into the porcine blastocysts and participate in embryonic
development. Porcine parthenogenetic blastocsysts were generated using electrical
stimulation of oocytes (and are not viable beyond midgestation). Six days following
activation 9-12 dye labeled hUCBSC or iPSC were injected into the blastocoele cavity.
Blastocysts were allowed to recover two days in culture and then imaged (Fig 5).
Labeled hUCBSCs and hiP5Cs were observed in the inner cell mass of 90% of the
porcine blastocysis (Fig. 5A and 5B, respectively). Comparison of Dil distribution with
immunochistochemistry using human nuclear antigen-specific antibody (HNA) reveals
that HNA antibody detects injected human stem cells (Fig. SA, arrows). Blastocysts
injected with EJU labeled hiPSC were further pulsed with BrdU for 1 hour before
harvest to detect proliferating cells. Double labeling with EdU reveals that injected
human stem cells continued to proliferate after 48 hrs of wnjection (Fig. 5B, agows).
These resuits demonstrate the incorporation of uman stem cells into the ICM of
porcine blastocysis, and the developmental progression of the chimeric blastocysts to
the hatching stage in preparation for iroplantation nto the uterus.

Novel gene editing strategies were utihized in the pig and data demonstrates that
hiPSCs will participate i the developing porcine erabryo (morula or blastocyst). Thus,
human sten/progenitor cell populations can rescue the MYFS/MYOIVMRF4 mutant
porcine enmbryo. Stem cells, such as MPSCs, can be progenitors to every skeletal
muscle cell in the MYF3/MYOD/MRF4 mutant pre-term enbryo.

Recent studies have demonstrated that blastocyst complementation strategies
using a genetically mustated host lacking a key regulatory gene has produced donor
organs in the pig (1-4). TALEN-mediated techniques (21, 22) were used herein to
successiully knock out MYFS5/MYOD/MRF4 in the porcine embryo and the data
support the notion that these nmitant embryos lack myotomes and desmin (Fig. 4).
Provided herein is evidence that WT-GFP labeled porcine blastomeres populated the
skeletal muscle lineages of the porcine MYFS/MYOD/MRF4 nudl host (Fig. 6),

23



WO 2017/004367 PCT/US2016/040378

10

15

20

30

35

indicating that MYF5/MYOD/MRF4 are ideal targets to generate the host for skejetal
muscle complementation. The data further support the notion that human ster cells
(human cord blood stern cells and human iP3Cs) can integrate into the ICM of porcine
parthenotes (Fig. 5).

Exarmple 2

Maierials and Methods

TALEN design and production

Candidate TALEN target DNA sequences and RVD sequences were identified
using the onlige tool “TAL EFFECTOR NUCLEOTIDE TARGETER 2.07. Plasmids
for TALEN DNA transfection or in vitro TALEN mRNA transcription were then
constracted by following the Golden Gate Assembly protocol using RCIscript-
GOLDYTALEN (Addgene 1D 38143} as final destination vector (Carlson 2012).
Assembled RClscript vectors prepared using the QIAPREP SPIN MINIPREP kit
{Qiagen} were linearized by Sacl to be used as templates for in vitro TALEN mRNA
transcription using the mMESSAGE mMACHINE® T3 Kit (Ambion) as indicated
previously (Carson, 2009). Resulting mRNA was DNAse treated prior to purification
using the MEGACLEAR REACTION CLEANUF kit (Applied Biosciences) or RNeasy
kit, (Qiagen).
Tissue Culture and Transfection

Fig fibroblasts were maintained at 37 or 30 degrees Celsius (as indicated) at 5%
CO2 in DMEM supplemented with 10% fetal bovine serum, 100 LU/l penicillin and
streptomycin, 2mM L-Glutamine and 10mM Hepes. The Neon Transfection system
{Life Technologies) was used to deliver TALENs and HDR oligos. Low passage
Ossabaw or Landrace pig fibroblasts at 70-100% confluency were spilt 1:2 and
harvested the next day at 70-80% confluency. Approximately 600,000 cells were
resuspended in "R Buffer (Life Technologies) with mRNA TALENs and HDR oligos
and electroportated in 100ul. tips using the following parameters: input voltage: 1800V,
puise width: 20 mos; pulse number: 1. 0.1-4 ug of TALEN moRNA and 0.1-0.4 nmol of
HDR oligos for the specific gene(s) of interest were nchuded for each transfection,
Transfected cells were cudtored for 2 or 3 days at 30 degrees Celsius, and then analyzed
for gene editing efficiency and plated for colonies.
Dilution cloning

Two or three days post transfection, 50 to 250 cells were seeded onto 10 cm
dishes and cultured until individual colonies reached circa Smim in diameter. 8 mL of a
1:4 (volfvol) mixture of TrypLE and DMEM media (Life Technologies) was added and

colonies were aspirated, transferred into wells of a 48-well dish and a replica 96 well
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dish and cultred under the same conditions. Colonies reaching confluence were
collected and for cryopreservation and sample preparation for genotyping.
Samiple preparation

Transfected cell populations at day 3 and 10 were collected from a well of a 6-
well dish and 10-30% were resuspended in 50 pl of X PCR compatible lysis buffer: 10
raM Tris-Cl pH 8.0, 2 oM EDTA, 0.45% Tryton X-100(vol/vol), 0.45% Tween-
20(vol/vol) freshly supplemented with 200 ng/mi Proteinase K. The lysates were
processed in a thermal cycler using the following program: 55°C for 60 ninutes, 95°C
for 15 rinutes,
Analysis of gene-edits

PCR flanking the intended sites was conducted using AccuStart™ Tag DNA
Polymerase HiFi (Quanta Biosciences} with 1 gl of the cell ysate according to the
manufacturer’s recommendations. The frequency of mutation in a population was
analysed with the SURVEYOR MUTATION DETECTION Kit (Transgenomic)
according to the manufacturer’s recommendations using 10 pl of the PCR product as
described above. SURVEYOR reactions were resolved on a 10% TBE polyacrylamide
gels and visunalized by ethidium bromide staining. Deunsitometry measurements of the
bands were performed using Tmaged; and mutation rate of SURVEYOR reactions was
calculared as described in (Guschin et al. 2010). Individual colonies were screened for
the presence of an HDR allele using the primers ssMYOD NI F2 to ssMYOD NI R2 for
an HDR alicle in ssMYOD, ssMYF5 NJ F1 to ssMYF35 NI R1 for an HDR allele in
ssMYFS, and ssMYFO NJ FI to ssMYFS NI R 1 for an HDR allele in ssMYF6. PCR
products underwent restriction fragment length polyraorphism analysis (RFLPY by
digesting the resulting PCR amplicons with HindIH to deternnne whether one, both, or
none of the alleles were cut and therefor contained the HDR allele. Products were
resolved on agarose gels.
Swine Gene: MYOD NC_010444
Huoman Gene: MYOD ENSGO0000129152
Frame-shift KO allele: I puis a frame-shift and a premature stop codon in exon 1
of ssMYOD
TALENs:
ssMYQOD 1.2 (from §'t0 3))

Left: CAAGAGGTGCACCAC (SEQ ID NO:)

Right: AGGCTGCCCAAGGTGG (SEQ 1D NO:2)
ssMYOD 1.2 HDR oligo

accaccagocgoocegeieictaciotorsocciocTAAgorggegtocaaacgcaagaccactaacgecgaccace

geaaggecgeeae (SEQ ID NO:3)
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Underined= 52 bp of homology from right side of MYOD 1.2 cut site
Beld = 33 bp of homology from left side of MYOD 1.2 cut site
ftalicized = Inserted bases
Underlined= Hindll site

5  Capitalized= Premature Termmnation Codon

Full sequence from ssMYOD NJ F2 to ssMYOD NJ R2:

Screening Primers:
ssMYOD NI F2: CGACGTAGATTTGACGGGCC (SEQ 1D NO:4)
ssMYOD NI R2: CGCTCGATTCGGOGTTCCTAGA (SEQ 1D NG:S§)

10
This is the predicted PCR prodoct when HDR occurs:
Cgacgtagaltigacgggececgacggetetetctgeaactiigeaacageggacgactictatgat gaceegigtitegacte
ceeggacctgegettcticgaggacctggaccegegectigtgeacgigggegegeicctagageccgaggaacactcgea
cticectgeegeagegeacceggeeocgggageicetigaggacgagealglgegeggeeeageggacaccaccagsd

i5 geoccpctetctacioisorcctoc TA Agoriggcalocaaacgeaagaccactaacgcegaccgecgaaggecygce

accatgegegageggegeegetigageaaagicaacgaggecticgagactcicaagegctgeacgictageaaccegaat
cageg (SEQ ID NO:6)
This is the predicted PCR product of the wild-type allele:
Cgacgtagatitgacgggeceegacggetctetetgeaactiigeaacageggacgactictatgatgaceegtgtttcgacte
20 ceeggacctgegeticticgaggacctggaccegegectigtgeacgigggegegeicctagageccgaggaacacicgea
cticectgecgeagegacceggocecgggagetiocigaggacgagralgtacglgigiCcageggecaccaccaggcs
grecgeigtetactgtggpoctgeaaggegtgeaaacgeaagaccactaacgoegaccgocgeaaggeegeeaceatgeg
cgagceggegecgetigageaaagicaacgaggocticgagacictcaagegetgeacgtictageaacccgaaicageg
(SEQ ID NGT)
25 Swine Gene: MYFS ENSSSCGHG0H0000937
Human Gene: MYF5 ENSGO00001 11049
Frame-shift KO allele: It puis a frame-shift and a premature stop codon in exon 1

of ssMYF5

30 TALENs:
ssMYFS L (from 5 10 3)
Left: GCCTCATGTGGGCCTG (SEQ ID NOE)
Right: AAATCCACCACCATGG (SEQ ID NG:Y)
ssMYKES 1.1 HDR oligo

35 caccaccaggecggecacigecteatptopecctocTAAgoiagegtocaagageaaateeaccaceatggatcgge
rocca (SEQ D NO:IT)
Underlined = 42 bp of homology from right side of MYFS 1.1 cut site

o

o

a4gg
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Bold = 43 bp of homology from left side of MYFS 1.1 cut stie
ftalicized = Inserted bases

Underlined= Hindll site

Capitalized= Premature Termination Codon

Full sequence from ssMYFS NJ Fl tossMYFS NT RY:

Screemng Primers:
ssMYFS NI F1: GCCTGTCCGCAGAAGATGGA (SEQ 1D NO:1O)
ssMYF3 NI RE: TTACCATGCCGTCGGAGCAG (SEQ ID NG D

This is the predicted PCR prodoct when HDR occurs:

gectgiecgeagaagalggaccigatggacggcigecagitciegoctictgagtactictacgat ggeicctgeateocatcce

gaggaagageacgtgegageacctacgggeeaccaccageecggecactizecicatpigoocctecTAA goitazce

tgcaagaggaaatecaccaccatggatcggeggaaggoggecaccatgegegageggagacgecigaagaaggtcaace

aggegittgagacgceicaagaggtgeaccacgactaaceccaaccagaggetgeccaaggiggagatecteaggaatgceca

&

tcegetacattgagagecigeaggagetgetgagggagcaggtggaaaactactacagectgeccaggeagagetigcictg
ageccaccageeccacetecagetgetcegacggeatggtaa (SEQ D NO:12)

This is the predicted PCR product of the wild-type allele:
(ectgtecgeagaagatggacclgatggacggetgecagtictegectict gagtactictacgatggetectgeateccatee
ceegagggegagitcgggracgagitigagecacgagtggetgctiicggggogeacaaageagaccigeecggeteaga
cgaggaagageacgtgcgageacctacgggocaccaccaggecggecacigecicaigtggaecigeaaagegigeaag
aggaaatccaccaccaiggaicggeggaaggeggcecaccatgegegageggagacgecigaagaaggtcaaccaggegt

tigagacgctcaagaggigcaccacgactaaccccaaccagaggetgeccaaggtggagatectcaggaaigecatccget

ceagececacetecagetgeticegacggeatggiaa (SEQ ID NG:13)

Swine Gene: MYF6 ENSSSCGH0600626533 (also known as MR F4)
Human Gene: MYF6 ENSGO08661 11046

Frame-shift KO allele: It puts a frame-shift and a premature stop codon in exon |
of ssMYF6
TALENs:
ssMYF6 1.2 (from 5" to 37)
Left: GCCAGGACCAAATGCC (SEQ ID NO:14)
Right: GACAGCAGTGGAGAGGA (SEQ ID NO:15)

ssPMYTe 1.2 HDR olizo

PCT/US2016/040378
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gaggaacatgtcet (SEQ 1D NG:16)

Underdined = 32 bp of homology from right side of MYFS 1.2 cut site

L

Bold = 54 bp of homology from left side of MYF6 1.2 cut stie
ftalicized = Inserted bases

Underlined= HindIH site

Capitalized= Premature Termination Codon

Full sequence from ssMYF6 NJ Fl tossMYFS N Ri:

Screemng Primers:
ssMYF6 NI F1: ATCTGGGTGOCTCCTCTGGGTT (SEQ 1D NO:1S)
ssMYFE6 NI RL: TAGTTGATGGCGCTCCGCAG (SEQ 1D NO:19)

This is the predicted PCR prodact when HDR occurs:
Atctgggtggctectictgggtititgageecatcacceagticagacegagtcagaggecaaggaggagaacaigatgatgg

acctititgaaactggetectatitctictattiggacggg gaaaat gttacecigeageccetagaagtggeagaaggotetectt

tgtatceaggeagtoatestiacecioteccec FAAgericageaccaaatgcceecggaageioooaccoacageant

ggagagoaacatgicctggegeccceaggecigeagectiocceactigeecceggecaatgictgatetgggctigeaagacct

gcaagagaaaatcigeoccaaccgacegeaggaaggeggecacicigegegagaggagocggcigaagaaaatcaacg
aggecticgaggeactigaageggeggactgigaecaacoccaaccaaaggetgeccaaggiggagatecigeggagcgc
catcaacta (SEQ D NO:2O)

This is the predicted PCR product of the wild-type alicle:
Atctgggtggoicctelgggtititgageocatcacceagticagacegagicagaggocaaggagaagaacaigatgalgg
acctititgaaactggetectatitettctatitggacggg gagaalgtiacecigeagoceetagaagtggeagaaggctetectt
tgtatccagggagtgaiggtacectgiccecctgocaggaccaaatgeccocggaagetgggagegacageagiggagag
gaacatgicctggoegececcaggecigeageciceccactgecceggecaatgictgateiggactigeaagaceigeaaga
gaaaatctgecccaacegaccgeaggaaggogecactetgegegagaggaggeggoigaagaaaatcaacgaggoctt
cgaggeacigaageggeggacigiggocaaceccaaccaaaggetgeccaaggtggagaiectgeggagegecatcaact

a (SEQ ID NO:21
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and other published materials referred to throughout the disclosure herein are herein
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specifically and individually indicated to be incorporated by reference. In the event that
the definition of a term incorporated by reference conflicts with a term defined herein,

this specification shall control.
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WHAT IS CLATMED IS
i A non-tman animal cell, morula or blastocyst wherein the genome carries a
mutation in both alleles of the MYF3 gene, MYOD gene, MRF4 gene or a combination

thereof such that the non-human aniroal cell or blastocyst acks functional MYF5

5 protein, MYOD protein, MRF4 protein or a combination thereof.
2. The non-hunan animal cell, morula or blastocyst of claim 1, wherein the
mutation is a defetion of the MYF3 gene, MYOD gene, and/or MRF4 gene.
10 3 The non-human animal cell, morula or blastocyst of claim 1 or 2, wherein the

non-human animal cell, morula or blastocyst is a porcine, bovine, equine or goat.

4. A chimeric non-human animal, morula or blastocyst expressing human MYFS5,
MYOD, and/or MRF4 and facking expression of said non-human animal MYF, MYOD,
15 andior MRF4.
5. The chimeric non-huwman animal of claim 4, whercin the non-human antimal

produces lmmanized skeletal muscle cells and/or tissue.

. A chimeric pig expressing exogenous pig MYF3, MYOD, MRF4 or a
20 combination thereof and lacking expression of endogenous pig MYFS, MYOD, MRF4

or a combination thereof (2 pig-pig clumera).

7. The chimeric non-human animal claims 4 or 3, wherein the non-huran animal

is a porcine, bovine, aquine or goat.

8. A method for producing a chimeric non-human aninwal expressing a uman

[
L

MYF3 gene, MYOD gene, MRF4 gene or a combination thereof coraprising:

a) generating a MYFS, MYOD, MRF4 or a combination thereof nall nop-
human animal cell, wherein both copies of the pig MYFS gene, MYOD gene, MRF4
gene or a combination thereof carry a mutation that prevents production of functional
MYFS5 protein, MYOD protein, MRF4 protein or a combination thereof in said non-
30 human animal;

b) creating a MYFS, MYOD, MRF4 or a combination thereof null nop-human
morula or blastocyst by somatic cell nuclear transfer comprising fusing a nuclens from
said MYFS, MYOD, MREE4 or a combination thereof null non-human animal cell of a)
into an emvcleated non-luman oocyte and activating said cocyte to divide so as to form

35 a MYFS, MYOD, MRF4 or a combination thereof noll non-human blastocyst;
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¢) introducing human stem cells into the MYFS, MYOD, MRF4 ora

combination thereof null non-hmiman morula or blastocyst of b); and

hY

y implanting said moruola or blastocyst from c¢) into a pseudopregnant
surrogate non-human animal to generate a chimeric non-human animal expressing

human MYFS, MYOD, MRF4 or a combination thereof.

L

9. A method for producing a chimeric pig expressing an exogenous MYFS gene,
MYOD gene, MRF4 gene or a combination thereof comprising:
a) generating a MYFS, MYOD, MRF4 or a combination thereof null pig cell,
wherein both copies of the endogenons pig MYFS5 gene, MYOD gene, MRF4 gene ora
10 combmation thereof gene carry a rmstation that prevents production of functional
endogenous pig MYFS protein, MYOD protein, MRF4 protein or combination thereof)
b) creating a MYFS, MYOD, MREF4 or a combination thereof null pig
blastocyst by somatic cell muclear transfer comprising fusing a nucleus from said
MYF5, MYOD, MRF4 or a combination thereof null pig cell of a) into an enucleated
15 pig oocyte and activating said cocyte to divide so as to form a MYFS, MYOD, MRF4 or
a combination thereof null pig blastocyst;
¢} introducing pig stem cells into the pig MYFS, MYOD, MRF4ora
combination thereof null blastocyst of b); and
} implanting said blastocyst from ¢} into a pseudopregnant surrogate pig to
20 generate a chimeric pig expressing exogenous pig MYFS, MYOD, MRF4 or a

corabination thereof,

10. A method of producing buman and/or hemamzed skeletal mwscle cells ina
non-human animal comprising:

25 2} generating a MYFS, MYOD, MRF4 or a combination thereof null non-
human animal cell, wherein both alleles of the non-hurman ammal MYF5S gene, MYOD
gene, MRF4 gene or a combination thereof carry a muiation that prevents producton of
functional MYF3 protein, MYOD protein, MRF4 protein or combination thereof;

by creating a MYF5, MYOD, MRF4 or a combination thereof mull non-human

30 animal blastocyst or morala by somatic cell nuclear ransfer comprising fusing a nucleus
from said MYFS, MYOD, MRF4 or a combination thereof mudl non-human animal cell
of a) into an envcleated non-human ococyie and activating said cocyte to divide 50 as to
form a MYFS, MYOD, MRF4 or a combination thereof null non-human blastocyst;

¢) ntroducing human donor stem cells into the MYFS, MYUOD, MRF4 ora

35 comibination thereof null non-hvman blastocyst or morola of b); and
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15

dy mnplanting said blastocyst or morula from ¢ into a pseadopregnant
surrogate pon-human animal so as to geperate a nop-human animal expressing hwmnan

ot bumanized skeletal muscles cells.

i1 The method of claims 8 or 10, wherein the non-human animal is a porcine,
bovine, equine or goat.

12, The method of claims B or 10, wherein the lniman donor stem cell is a tissue
specific stem cell, phuripotent stem cell, multipotent adult stem cell, induced phuripotent

stem cell or umbilical cord blood stem cell (UCBSC.

13 The method of claims 8 or 10, wherein the induced pluripotent cell is formed

from a fibroblast cell.

{4, A pon-human ardmal produced by the method of any one of claims 8-13.
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