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DERIVATION OF EMBRYONIC STEM CELLS

Field of the Invention

The present invention relates generally to the field of somatic cell nuclear

transfer (SCNT) and to the generation of animals and cells.

Background of the Invention

Advances in stem cell technology, such as the 1solation and propagation 1n
vitro of human embryonic stem cells ("hES" cells), constitute an important new area
of medical research. hES cells have a demonstrated potential to be propagated in the
undifferentiated state and then to be induced subsequently to ditferentiate into any

and all of the cell types in the human body, including complex tissues. This has led

“to the suggestion that many diseases resulting from the dysfunction of cells may be

amenable to treatment by the administration of hES-derived cells of various
differentiated types (Thomson et al., Science 282:1145-1147 (1998)). Nuclear
transfer studies have demonstrated that it 1s p:ossible to transform a somatic
differentiated cell back to a totipotent state, such as that of embryonic stem cells
("ES") (Cibelli et al., Nature Biotech 16:642-646 (1998)) or embryo-derived ("ED")
cells. The development of technologies to reprogram somatic cells back to a
totipotent ES cell state, such as by the transfer of the genome of the somatic cell to
an enucleated oocyte and the subsequent culture of the reconstructed embryo to
yield ES cells, often referred to as somatic cell nuclear transfer ("SCNT"), offers a

method to transplant ES-derived somatic cells with a nuclear genotype of the patient

(Lanza et al., Nature Medicine 5:975-977 (1999)). It is expected that such cells and
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tissues would not be rejected, despite the presence of allogeneic mitochondria
(Lanza et al, Nature Biotech 20:689-696, (2002)). Nuclear transter also allows the
rebuilding of telomere repeat length in cells through the reactivation of the
telomeraée catalytic component in the early embryo (Lanza et al, Science 288:665-
669, (2000)). Nevertheless, there remains a need for improvements in methods to
reprogram animal cells that increase the frequency of successful and complete
reprogramming. There is also a need for reducing the dependence on the
availability of human oocytes.

Animals having certain desired traits or characteristics, such as increased
weight, milk content, milk production volume, length of lactation interval and
disease resistance have long been desired. Traditional breeding processes are
capable of producing animals with some specifically desired traits, but these traits
are often accompanied by a number of undesired characteristics, and are often too
time-consuming, costly and unreliable to develop. Moreover, these processes are
completely incapable of allowing a specific animal line from producing gene
products, such as desirable protein therapeutics that are otherwise entirely absent
from the genetic complement of the species in question (i.e., human or humanized
plasma protein or other molecules in bovine milk). )

The development of technology capable of generating transgenic animals
provides a means for exceptional precision in the production of animals that are
engineered to carry specific traits or are designed to express certain proteins or other
molecular compounds of therapeutic, scientific or commercial value. That 1s,
transgenic animals are animals that carry the gene(s) of interest that has been
deliberately introduced into existing somatic cells and/or germline cells at an early
stage of development. As the animals develop and grow the protein product or
specific developmental change engineered into the animal becomes apparent, and 1s
present in their genetic complement and that of their offspring.

An additional problem associated with existing stem cell technologies are the
ethical considerations of using advanced human embryos to obtain stem cells.

Therefore 1t would be highly beneficial to have cloned embryos available at an early

stage to limit ethical concerns.
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In summary, this invention solves long outstanding problems with efficiency,

ethical dilemmas, and the problem of how to clone embryos without oocytes.

Summary of the Invention

This invention generally relates to methods of cloning somatic cells using a
fertilized embryo as a recipient. In certain embodiments, an oocyte is the initial
recipient and a fertilized embryo 1s a second recipient. In certain embodiments, the
disclosure relates to a method for cloning a mammal, for obtaining pluripotent cells,
or for reprogramming a mammalian cell.

In certain aspects, the disclosure provides a method for reprogramming a
nucleus of a differentiated cell comprising the steps of providing a differentiated
cell, an enucleated, MII-stage egg of an animal and an enucleated, 2-cell stage
embryo of an animal, wherein said MII-stage egg and said embryo are synchronized;
injecting the nucleus of said differentiated cell into said enucleated egg; activating
said egg that comprises said nucleus; allowing said activated egg that comprises said
nucleus to develop to the 2-cell stage; removing at least one nucleus and at least a
portion of surrounding cytoplasm of said activated 2-cell stage egg from the
previous step; fusing said at least one nucieus removed in the previous step into said
enucleated, 2-cell stage embryo, preferably by positioning said nucleus between the
2 cells of the 2-cell stage embryo to generate a single cell containing a
reprogrammed nucleus of the differentiated cell.

In certain aspects, the disclosure provides a method for producing an animal
comprising providing a difterentiated cell, an enucleated, MII-stage egg of an animal
and an enucleated, 2-cell stage embryo of an animal, wherein said MII-stage egg and
said embryo are synchronized; injecting the nucleus of said differentiated cell into
said enucleated egg; activating said egg that comprises said nucleus; allowing said
activated egg that comprises said nucleus to develop to the 2-cell stage; removing at
least one nucleus and at least a portion of the surrounding cytoplasm of said 2-cell
stage egg from the previous step; fusing said at least one nucleus removed in the
previous step into said enucleated, 2-cell stage embryo to generate a single cell; and
culturing said single cell from the previous step to allow development into an

animal. In certain embodiments, culturing comprises implanting said cultured cells
3
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into a uterus of an animal. In certain embodiments, the implanted cells and the
animal 1n which they are implanted are of the same species.

In certain aspects, the disclosure provides a method for producing embryonic
stem cells, comprising the steps of providing a differentiated cell, an enucleated,
MII-stage egg of an animal and an enucleated, 2-cell stage embryo of an animal,
wherein said MII-stage egg and said embryo are synchronized; injecting the nucleus
of said differentiated cell into said enucleated egg; activating said egg that comprises
said nucleus; allowing said activated egg that comprises said nucleus to develop to
the 2-cell stage; removing a nucleus and surrounding cytoplasm of said 2-cell stage
egg from the previous step; fusing said nucleus removed in the previous step 1nto
said enucleated, 2-cell stage embryo, preferably by positioning said nucleus between
the 2 cells of the 2-cell stage embryo to generate a single cell; and culturing said
single cell from the previous step to a developmental stage where embryonic stem
cells may be derved.

In certain embodiments, said embryonic stem cell 1s hemizygous or
homozygous for an MHC allele, wherein either said differentiated cell 1s
hemizygous or homozygous for an MHC allele or said embryonic stem cell 1s
engineered to be hemizygous or homozygous for an MHC allele, by homologous
recombination or by loss of heterozygocity, or both, and wherein said same species
1s human. In certain embodiments, said method 1s repeated many times to produce a
bank of embryonic stem cells, each of which is hemizygous or homozygous for a
different MHC allele than the other embryonic stem cells of the bank.

In certain aspects, the methods of the disclosure further comprise the steps of
growing said resulting single cell from the previous methods to blastomere, morula
or blastocyst stage. In certain aspects, the methods of the disclosure further
comprise serial nuclear transfers into oocytes. In certain aspects, the methods of the
disclosure further compnise senal nuclear transters into embryos.

In certain embodiments, said egg is activated by cyclohexamide, CsCl,,
calcium ionopore, ionomycin, sperm factors, sperm portions or components, 6-
DMAP, SrCl; cytochalasin B, or a combination thereof. In certain embodiments,
said egg is activated by a combination of these agents. In a preterred embodiment,

said egg 1s activated by a combination of ionomycin and 6-DMAP. In another
4
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preterred embodiment, said egg is activated by a combination of calcium ionopore
and 6-DMAP. In another preferred embodiment, said egg is activated by a
combination of SrCl; and cytochalasin B

In certain embodiments, said fusion step is performed electrically. In certain
embodiments, said electric fusion is performed in two steps: a first step in which
said nucleus 1s lined up with the positive pole and electrically shocked and a second
step in which the embryo and the nucleus are turned approximately 90 degrees and
electrically shocked. In certain embodiment, the emryo and the nucleus are not
turned before shocking. In certain embodiments, said fusion step is performed using
a Sendai virus.

In certain embodiments, said MII-stage egg i1s a human egg. In certain
embodiments, said enucleated, 2-cell stage embryo is a human embryo. In certain
embodiments, said differentiated cell 1s a human cell. In certain embodiments, the
cells of the disclosure may be from any mammal. In yet another embodiment, the
mammal 1s selected from a mouse, rat, cat, dog, rabbit, goat, hamster, pig, sheep,
non-human primate, or primate.

In certain embodiments, said MII-stage egg and said enucleated, 2-cell stage
embryo are from any animal. In certain embodiments, said MII-stage egg and said
enucleated, 2-cell stage embryo are from the same species. In certain embodiments,
said ditferentiated cell and said MII-stage egg are from the same species. In certain
embodiments, said differentiated cell and said enucleated, 2-cell stage embryo are
from the same species. In certain embodiments, said differentiated cell, said MII-
stage egg and said enucleated, 2-cell stage embryo are from the same species. In
certain embodiments, said same species 1s human.

In certain aspects, the disclosure relates to a method for cloning a mammal,
for obtaining pluripotent cells, or for reprogramming a mammalian cell. In certain -
embodiments, the method consists of the following steps: (a) obtaining a donor
nucleus from a mammalian cell; (b) obtaining a fertilized embryo from a mammal;
(¢) transterring said donor nucleus into one cell of said fertilized embryo; (d)
enucleating the original nucleus of said fertilized embryo, leaving the donor nucleus

inside the fertilized embryo; and (e) culturing said fertilized embryo.
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[n certain embodiments, the enucleation step of the methods of the
application 1s performed between 3 and 6 hours of the nuclear transfer step, between
4 and 6 hours of the nuclear transfer step, between 5 and 6 hours of the nuclear
transter step, between 3 and 4 hours of the nuclear transfer step, between 3 and 5
hours of the nuclear transfer step, or between 4 and 5 hours of the nuclear transter
step. In certain embodiments, the enucleation step i1s performed within 3 hours of
the nuclear transfer step, within 2 hours of the nuclear transfer step, or within 1
hours of the nuclear transfer step. In certain embodiments, the enucleation step is
performed between 1 and 2 hours of the nuclear transfer step, between 1 and 3 hours
of the nuclear transfer step, between 1 and 4 hours of the nuclear transfer step,
between 1 and 5 hours of the nuclear transfer step, between 1 and 6 hours of the
nuclear transfer step, between 2 and 3 hours of the nuclear transfer step, between 2
and 4 hours of the nuclear transfer step, between 2 and 5 hours of the nuclear
transfer step, or between 2 and 6 hours of the nuclear transfer step.

In certain embodiments of the disclosure, culturing the cloned embryo results
in the development of a blastocyst or blastocyst-like collection of cells. In certain
embodiments, embryonic stem cells can be derived from these blastocysts or
blastocyst-like collection of cells. In certain other embodiments, culturing the
cloned embryo results in the development of a 4-8 cell stage embryo or of a morula
stage embryo. In certain embodiments, embryonic stem cells can be derived from
all or a portion of such early cleavage stage or morula stage embryos. In certain
other embodiments, culturing the cloned embryo results in the development of an
embryo that continues to divide beyond the two-cell stage. In certain embodiments,
an embryonic stem cell line 1s derived and established.

In certain aspects of the disclosure, the fertilized embryo i1s from a mammal
of the same species as the mammalian donor cell. In certain embodiments of the
disclosure, the fertilized embryo is from a mammal of a closely related species to the
mammalian donor cell. In certain embodiments of the disclosure, the fertilized
embryo 1s a pronuclear stage embryo. In certain embodiments, said fertilized
embryo 1s a 2-cell stage embryo. In certain embodiments of the disclosure, the
mammalian donor cell 1s an ES cell. In certain embodiments, said mammalian cell

1s a differentiated cell. In certain embodiments, said differentiated mammalian cell

6
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1s a cumulus cell. In certain embodiments, said mammalian cell is a murine cell. In
certain embodiments, said mammalian cell is a bovine cell. In certain embodiments,
saild mammalian cell is a human cell. In certain embodiments, cells may be from
other mammalian species including, but not 1i1hited to, equine, canine, porcine,
ovine sources; or rodent species such as rat may be used. In certain embodiments,
the tertilized embryo underwent cryogenic preservation and was thawed prior to the
nuclear transfer step.

In certain embodiments, the donor nucleus is labeled. In certain
embodiments, said nucleus is labeled by expression of a fluorescent transgene.

In certain aspects, the disclosure relates to a method for cloning a
mammalian cell comprising the steps of: (a) obtaining a donor nucleus from a
mammalian cell; (b) obtaining a first fertilized embryo from a mammal; (c)
transterring said donor nucleus into said first fertilized embryo; (d) enucleating the
original nucleus of said first fertilized embryo, leaving the donor nucleus inside the
fertilized embryo; (e) culturing said fertilized embryo; (f) enucleating a second
fertilized mammalian embryo; (g) dissociating the cells of the first fertilized embryo
from step (€) and transplanting at least one cell into the enucleated second fertilized
embryo; (h) fusing said transplanted cells to the cells of said enucleated second
tertilized embryo to form a single-cell embryo; and (i) culturing said cloned single-
cell embryo.

In certain embodiments, steps (1)-(1) are cycled through more than once with
the fertilized embryo obtained in step (g) coming from the step (i) of the previous
cycle. In certain embodiments, step (h) (fusing step) is accomplished by
electrofusion. In certain embodiments, step (g) comprises transferring at least one
nucleus of the fertilized embryo from step (e) into the enucleated second fertilized
embryo.

In certain embodiments, the second fertilized embryo of the disclosure is at
the same stage of development as the first fertilized embryo. In certain
embodiments, the second fertilized embryo of the disclosure is at a similar stage of
development as the first fertilized embryo. A similar stage may include embryos
that are in the same general stage such as blastula stage or embryos of similar cell

number stage developmental time. In certain embodiments, said second fertilized
7
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embryo and said first fertilized embryo are at the 2-cell stage and only one of the
two cells is transplanted.

In certain aspects, the disclosure relates to a method for cloning a mammal,
for obtaining pluripotent cells, or for reprogramming mammalian cells comprising
the steps of: (a) obtaining desired donor nuclei from mammalian cells; (b) obtaining
at least one fertilized embryo of at least the 2-cell stage from a mammal; (¢)
transferring donor nuclei into one or more but not all of the cells of the fertilized
embryo, one donor nucleus into each cell; (d) enucleating the original nucleus of
each of the cells of said embryo to which a donor nucleus was transferred, leaving
the donor nucleus in said cell; and (€) culturing said fertilized embryo(es).

In certain embodiments, the fertilized embryo of the disclosure 1s a 2-cell
stage embryo and a donor nucleus 1s transferred to only one of the two cells of said
embryo. In various embodiments, the fertilized embryo of the disclosure may be an
embryo of any stage. In certain embodiments, the activated oocyte of the disclosure
1s the recipient of nuclear transfer at the two cell stage. In certain embodiments, the
oocyte 1s of any stage. In certain embodiments, the oocyte and the embryo are in
synchrony.

In certain embodiments, the transferring of donor nuclei step 1s performed
immediately betfore the enculeation step.

In certain aspects, the disclosure relates to a blastocyst derived from a
tertilized embryo, wherein said fertilized embryo is produced by any of the methods
of the disclosure. In certain embodiments, the disclosure relates to a blastula
produced by any of the methods of the disclosure.

In certain embodiments of any of the foregoing, embryonic stem cells or
embryonic stem cell lines can be produced using all or a portion of a cloned embryo.
For example, embryonic stem cells or cell lines can be produced using all or a
portion of a blastocyst stage cloned embryo or using all or a portion of an early
cleavage stage or morula stage embryo.

In certain aspects, the disclosure relates to a method for producing
embryonic stem cells, comprising the steps of: (a) providing a differentiated cell, an
enucleated, MII-stage egg of an animal and providing an enucleated, 2-cell stage

embryo of an animal, wherein said MII-stage egg and said embryo are synchronized;
8
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(b) injecting nucleus of said differentiated cell into said enucleated egg; (c)
activating said egg that comprises said nucleus; (d) allowing said activated egg that
comprises said nucleus to develop to the 2-cell stage; (€) removing a nucleus and
surrounding cytoplasm of said 2-cell stage egg from step (d); (f) fusing said nucleus
removed in step (€) into said enucleated, 2-cell stage embryo, preterably by
positioning said nucleus between the 2 cells of the 2-cell stage embryo to generate a
single cell; and (g) culturing said single cell from step (f) to a developmental stage
where embryonic stem cells may be derived comprising: (1) culturing said single
cells from (f) to the morula stage to generate a morula; (i1) isolating a blastomere
from said morula; (ii1) culturing said blastomere to generate a cluster of two or more
blastomeres; (iv) directly or indirectly contacting the cultured cluster of two or more
blastomeres with embryonic or fetal cells; and (v) culturing the cluster of two or
more blastomeres of (1v) until ES cells are produced.

In certain aspects, the disclosure relates to a method of producing an
embryonic stem (ES) cell, comprising: (a) culturing a blastomere removed or
biopsied from a mammalian parental embryo and said mammalian parental embryo
together for 12 to 18 hrs; (b) transferring the blastomere to blastocyst medium
further comprising laminin and seeded with mouse embryonic fibroblasts (MEF) and
(c) culturing the blastomere of (b) until ES cells are produced.

In certain aspects, the disclosure relates to a method of producing an
embryonic stem (ES) cell, comprising: (a) culturing a blastomere removed or
biopsied from a mammalian parental embryo and said mammalian parental embryo
together; (b) transferring the blastomere to blastocyst medium further comprising
laminin or fibronectin and (c) culturing the blastomere of (b) until ES cells are
produced.

In certain aspects, the disclosure relates to a method for producing
embryonic stem cells, comprising the steps of: (a) providing an enucleated, MII-
stage egg of an animal, a differentiated cell and an enucleated, 2-cell stage embryo
of an animal, wherein said MII-stage egg and said embryo are synchronized; (b)
injecting nucleus of said differentiated cell into said enucleated egg; (c) activating
said egg that comprises said nucleus; (d) allowing said activated egg that comprises

said nucleus to develop to the 2-cell stage; (€) removing a nucleus and surrounding
9
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cytoplasm of said 2-cell stage egg from step (d); (f) fusing said nucleus removed 1n
step () into said enucleated, 2-cell stage embryo, preferably by positioning said
nucleus between the 2 cells of the 2-cell stage embryo to generate a single cell; (g)
culturing said single cell from step (f) to generate a morula; (h) isolating a
blastomere from said morula (e.g., which morula is a parental embryo); (1) culturing
said blastomere and the parental embryo together for 12 to 18 hrs; (j) transferring the
blastomere to blastocyst medium further comprising laminin or fibronectin and
seeded with mouse embryonic fibroblasts (MEF) and (k) culturing the blastomere of
(J) until ES cells are produced.

In certain embodiments, MEFs are mitotically inactivated. In certain
embodiments, step (¢) comprises culturing in conditions that reduce embryonic
vesicle formation.

In certain embodiments, the blastocyst medium comprises 2.5 pg/ml of
laminin. In certain embodiments, the blastocyst medium comprises 10 ul/ml of
laminin. In certain embodiments, the blastocyst medium comprises about 2.5, 5,
7.5,10, 15, or 20 pg/ml of laminin. In certain embodiments, the medium is
supplemented with 1-5, 1-10, 5-10, 10-20 or 1-20 pg/ml of laminin. In certain
embodiments, the medium is supplemented with at least 1, 2.5, 5, 7.5, 10, 15 or 20
ug/ml of laminin.

In certain embodiments, step (¢) of the above methods comprises culturing in
blastocyst medium seeded with MEF cells for 5 days. In certain embodiments,
culturing in blastocyst medium seeded with MEF cells occurs for 1, 2, 3, 4, 5, 6, 7,
8,9, or 10 days. In certain embodiments, step (¢) of the above methods further
comprises culturing until the blastomeres form cell clumps of about 20 cells and
transferring the cell clumps to medium seeded with ES cells. In certain
embodiments, cell clumps are about 5, 10, 15, 20, 30, 40, or 50 cells. In certain
embodiments, the ES cells express a marker or are labeled. In certain embodiments,
the ES cells express GFP. In certain embodiments, the parental embryos are
transferred to blastocyst medium and allowed to develop into blastocysts. In certain
embodiments, the blastomere i1s 1solated from an embryo comprising: (a)
immobilizing the embryo; and (b) tapping the immobilized embryo until a

blastomere 1s 1solated.
10
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In certain embodiments, more than one blastomere is removed or biopsied
from a parental embryo. For example, two blastomere may be biopsied from a
parental embryo and used to derive ES cells.

In certain embodiments, embryonic stem cells are produced using methods
that do not require and/or result in the destruction of an embryo. For example, when
embryonic stem cells are produced from a single blastomere of a morula stage
parental embryo, the remaining portion of the parental embryo can be subsequently
tfrozen for long term or perpetual storage, or used to generate a pregnancy.

In certain embodiments, a blastomere removed or biopsied from a
mammalian parental embryo and said mammalian parental embryo are cultured
together for about 6 to 12, 6 to 18, 6 to 24, 12 to 18, 12 to 24, or 18 to 24 hrs.

The application contemplates using any of these aspects separately or
combinations of any of the foregoing or following aspects and embodiments of the

invention.

Brief Description of the Drawings
Fig. 1A-1B show mouse embryos cloned by serial cloning procedures. GFP
positive ES cell nucler were injected into recipient embryos. Embryos are shown

under bright field (A) and fluorescent microscopy (B).

Fig. 2A-2C show the development of 2 cell cloned embryos in the presence
of helper cells. Injected GFP positive ES cell nucleil formed mosaic embryos

capable of development to the 4-cell stage (A), 8-cell stage (B), and blastocyst stage
(C).

Fig. 3 shows cloned F2GFP mice. 10 week old F2GFP mice emitting green

fluorescence under UV light (arrow).

Fig. 4 shows confirmation of GFP cloned mice genetic makeup.

Fig. 5 shows DBAZ2 clone 1 fingerprinting.
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Fig. 6 shows H19 gene expression in F2GFP cumulus cell cloned embryos.

Fig. 7 shows IGF-2 gene expression in F2GFP cumulus cell cloned embryos.

Fig. 8 shows Oct-4 gene expression in F2GFP cumulus cell cloned embryos.

Fig. 9A-9C show ES cell markers and teratoma formation of ES cells from

serially cloned embryos. (A) ES cell markers. (B) Teratoma. (C) Chimeric pups.

Fig. 10 shows a schematic of the nuclear transfer and serial nuclear transfer

methods.

Fig. 11 A-C show the derivation and characterization of hESC lines from
single blastomeres without embryo destruction. Panel A: Stages of derivation of hES
cells from single blastomere. (a) — blastomere biopsy, (b) — biopsied blastomere
(arrow) and parent embryo are developing next to each other, (¢) — 1nitial outgrowth
of single blastomere on MEF, 6 days, magnification x200, (d) — colony of single
blastomere-derived hES cells, magnification x200. Panel B: Blastocysts formed by
the biopsied parental embryos (a) and markers of pluripotency in single blastomere-
derived hES cell lines (b-1); (b) alkaline phosphatase, (¢) — Oct-4, (d) — DAPI
corresponding to Oct4 and Nanog,(e) — Nanog, (f) - SSEA-3, (g) — SSEA-4, (h) —
TRA-1-60, (1) —- TRA-1-81; original magnification: Panel A(a), 400x, panels A(b-d)
and B, 200x, except NEDS g & h, 100x. Panel C: differentiation of single-
blastomere-derived hESCs into three germ layers in vivo (a-d) and in vitro (e-g). (a)
-- teratoma showing derivatives of all three germ layers. cre, ciliated respiratory
epithelium, including inset at higher magnification showing cilia; int, intestinal
epithelium; cart, cartilage; ne, columnar neuroepithelium with associated retinal
pigmented epithelium (rpe). (b-d), examples from other teratomas. (b) bronchiolar
nests; (¢) muscle stained for smooth muscle actin; (d) intestinal epithelium stained
for cdx2. (e-g) -- examples of in vitro differentiated derivatives: (e) hemangioblast

colony with both hematopoetic and endothelial potential. (f) an embryoid body
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with beating heart cells (g), retinal pigment epithelium. Magnification: a-t 200x, g
100x,

Fig. 12A-121 show examples of differentiation of single-blastomere-derived
hES cells into three germ layers (a-c) and cell types of therapeutic value (d - 1).

Immunostaining with antibodies to the markers of three germ layers: tubulin 3 III

(a), smooth muscle actin (b), a.-feto protein (¢). Examples of differentiated
derivatives: hemangioblast colony (d) with both hematopoetic and endothelial
potential. Immunostaining of endothelial cells with antibodies to KDR (e) and
CD31 (f); an embryoid body with beating heart cells (g), retinal pigment epithelium
(h,1). RT-PCR shows RPE markers PEDF (lane one, 300 bp) and RPE65 (lane 2, 285
bp), positive control GAPDH (lane 3, 465 bp).Magnification: a-c, e,— 20x; d,g —
10x, h — 40x.

Fig. 13A-13B show microsatellite and PCR analysis of single-blastomere-
derived hES cells. A — DNA PCR confirming the absence ot GFP in single
blastomere-derived hES cells. Lane 1, positive control WAO1(H1) hES cell line,
lane 2, negative control (no template), lane 3, NEDI1, lane 4, NED 2, lane 5, NED 3,
lane 6, NED4. B — Microsatellite analysis of the single blastomere-derived hES cell

lines.

Fig. 14 shows karyotypes of single blastomere-derived hES cell lines.

Fig. 15A-15H show etfects of laminin on single blastomere development and
hES cells. (A-C) formation of trophectoerm-like vesicles in the absence of laminin.
(A) Hoffman modulation contrast, (B) immunostaining for cdx2, (C)
immunostaining for cytokeratin 8. (D-F) formation of ICM-like outgrowth 1n the
presence of laminin. (D) phase contrast, (E) immunostaining for Oct-4, (F)
corresponding DAPI image. (G-I) depolarization effects of laminin on hESC. (G,H)
Confocal microscopy of the control (G) and laminin (H) overlaid hESC (WAOQ7)

costained with tight junction marker ZO-1(green) and pluripotency marker Oct-4
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(red). Ultrastructural analysis (semithin sections) of the cross section of the control
(left) and laminin overlaid (right ) hESC colony (WAQ9). The control colony 1s
organized into a semistratified epithelium. Presence of apical microvilli (mv) and
tight junctions (data not shown) indicate structural specialization typical for
epithelial-like polarization. Laminin overlay induced cell depolarization as shown

by lack of microvilli on the cell surface and piling of cells to form multilayered

structures. Magnification: (A-F) 200x, (G,H) 630X, (1)400x

Detailed Description of the Invention
Definitions

The term "embryonic stem cells" (ES cells) refers to cells derived from the
inner cell mass of blastocysts or morulae that have been serially passaged as cell
lines. The ES cells may be derived from fertilization of an egg cell with sperm or
DNA, nuclear transfer, parthenogenesis, or by means to generate hES cells with
homozygosity in the MHC region. The term "human embryonic stem cells” (hES
cells) refers to human ES cells.

The term "pluripotent stem cells" refers to animal cells capable ot
differentiating into more than one differentiated cell type. Such cells include hES
cells, human embryo-derived cells (hEDCs), and adult-derived cells including
mesenchymal stem cells, neuronal stem cells, and bone marrow-derived stem cells.
Pluripotent stem cells may be genetically modified or not genetically modified.
Genetically modified cells may include markers such as fluorescent proteins to
facilitate their 1dentification within the egg.

The term "differentiated cell" as used herein refers to a any cell in the
process of differentiating into a somatic cell lineage or having terminally
differentiated. For example, embryonic cells can differentiate into an epithelial cell
lining the intestine. Differentiated cells can be isolated from a tfetus or a live born
animal, for example.

The term "implanting” as used herein in reference to embryos refers to
impregnating a female animal with an embryo described herein. This technique is
well known to a person of ordinary skill in the art. See, e.g., Seidel and Elsden,

1997, Embryo Transfer in Dairy Cattle, W. D. Hoard & Sons, Co., Hoards
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Dairyman. The embryo may be allowed to develop in utero, or alternatively, the
fetus may be removed from the uterine environment before parturition.

The term "synchronized" or "sychronous" as used herein in reference to
estrus cycle, refers to assisted reproductive techniques well known to a person ot
ordinary skill in the art. These techniques are fully described in the reference cited in
the previous paragraph. Typically, estrogen and progesterone hormones are utilized
to synchronize the estrus cycle of the female animal with the developmental cycle of
the embryo. The term "developmental cycle" as used herein refers to embryos of the
invention and the time period that exists between each cell division within the
embryo. This time period is predictable for embryos, and can be synchronized with
the estrus cycle of a recipient animal.

The term "culturing” as used herein with respect to embryos refers to
laboratory procedures that involve placing an embryo in a culture medium. The
embryo can be placed in the culture medium for an appropriate amount of time to
allow the embryo to remain static but functional in the medium, or to allow the
embryo to grow in the medium. Culture media suitable for culturing embryos are
well-known to those skilled in the art. See, e.g., U.S. Pat. No. 5,213,979, entitled "In
vitro Culture of Bovine Embryos," First et al., is'sue:d May 25, 1993, and U.S. Pat.

No. 5,096,822, entitled "Bovine Embryo Medium," Rosenkrans, Jr. et al., issued
Mar. 17, 1992,

The term "suitable medium" as used herein refers to any medium that allows
cell proliferation. The suitable medium need not promote maximum proliferation,
only measurable cell proliferation.

The term "cloned" as used herein refers to a cell, embryonic cell, fetal cell,
and/or animal cell having a nuclear DNA sequence that is substantially similar or
tdentical to the nuclear DNA sequence of another cell, embryonic cell, fetal cell,
and/or animal cell. The terms "substantially similar" and "identical" are described
herein. The cloned embryo can arise from one nuclear transfer, or alternatively, the
cloned embryo can arise from a cloning process that includes at least one re-cloning
step. If the cloned embryo arises from a cloning procedure that includes at least one

re-cloning step, then the cloned embryo can indirectly arise from an immortalized,
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totipotent cell since the re-cloning step can utilize embryonic cells 1solated from an
embryo that arose from an immortalized, totipotent cell. The term "totipotent” as
used herein 1n reference to embryos refers to embryos that can develop into a live
born animal.

The term "substantially similar" as used herein in reference to nuclear DNA
sequences refers to two nuclear DNA sequences that are nearly identical. The two
sequences may difter by copy error differences that normally occur during the
replication of a nuclear DNA. Substantially similar DNA sequences are preferably
greater than 97% 1dentical, more-preferably greater than 98% identical, and most
preterably greater than 99% identical. Identity 1s measured by dividing the number
of 1dentical residues in the two sequences by the total number of residues and
multiplying the product by 100. Thus, two copies of exactly the same sequence have
100% 1dentity, while sequences that are less highly conserved and have deletions,
additions, or replacements have a lower degree of 1dentity. Those of ordinary skill in
the art will recognize that several computer programs are available for performing
sequence comparisons and determining sequence identity.

The term "parental embryo" 1s used to refer to an embryo from which a
single blastomere 1s removed or biopsied. Following biopsy, the remaining parental
embryo (the parental embryo minus the biopsied blastomere) can be cultured with
the blastomere to help promote proliferation of the blastomere. The remaining,
viable parental embryo may subsequently be frozen for long term or perpetual
storage or for future use. Alternatively, the viable parental embryo may be used to
create a pregnancy. Altematively,. the viable parental embryo may be destroyed. In
certain embodiments, a parental embryo 1s a cloned embryo produced by the senial
transplantation methods of the invention. In other embodiments, a parental embryo

1s an embryo produced by fertilization.

Overview

Despite its enormous potential for both basic science and therapeutic use, the
efficiency of mammalian cloning by somatic cell nuclear transter (SCNT) remains
low. The birth rate of live young after SCNT 1s less than 10% regardless of species,

donor cell type, protocols, or techniques used. Similarly the development rate of
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cloned embryos i1s lower than that of normal fertilized embryos, resulting in poor
development to blastocyst and smaller cell number at blastocyst. These deficits also
contribute to the relatively less successful ES cell line establishment from cloned
mouse embryos, which is approximately 5 % irrespective of the mouse strain or
donor cell type, compared to approximate 30 % success rate when normal embryos
are used. The incompetence of the cloned embryos is largely due to incomplete
nuclear programming, as manifested by aberrant expression of several genes during
early developmental stages.

To overcome the low efficiency of SCNT, several approaches have been
tried. Recently, Kishigami et al. (2006) reported an improved mouse cloning
technique of treating the reconstructed mouse eggs with trichostatin A, an inhibitor
of histone deacetylase, which reduces abnormal DNA hypermethylation. Another
approach was serial cloning using either pronuclear (PN) stage zygotes or 2-cell
stage in vivo fertilized embryos as second cytoplast recipients. When PN stage
mouse somatic cell cloned embryos were recloned into enucleated in vivo fertilized
PN stage zygotes, the development of cloned embryos in vitro and live pup rate were
improved to some extent. In fact, a similar method was also used successtully in the
first swine somatic cell cloning. Two-cell stage in vivo fertilized embryos have also
been used for successful senal cloning. When 2-cell stage SCNT embryos were re-
cloned into 2-cell stage in vivo embryos, their in vitro development was improved
and culminated in live pups. However, none of these studies explored the molecular
basis for the improvement, and the nuclear donor cells were either ES cells or
pretreated somatic cells. Moreover the improvement in cloned embryo development
was not significant. Pretreatment of donor cells has addressed chromatin
remodeling and cell cycle synchronization between nuclear donor cells and recipient
oocytes, with various methods, which again resulted 1n somewhat improved cloning
efficiency. However, regardless of the methods applied, cloning efficiency still
remained too low to be used widely for basic scientific research, practical
multiplications of certain strains of mouse, therapeutic cloning, or stem cell
derivation. Furthermore, we are unaware of any group employing sernal cloning to
successfully derive blastocysts or blastocyst-like clusters from which embryonic

stem cells may be derived, or successfully deriving embryonic stem cells or stem
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cell lines. Similarly, we are unaware of any group employing serial cloning to
successfully derive morula stage embryos (NT clusters substantially equivalent to
and corresponding to morula stage of development). Such morula stage embryos
can be used as parental embryos from which one or more blastomeres can be
removed or biopsied and used to generate ES cells.

Another aspect of the application uses embryos from which one or more

blastomeres can be removed or biopsied and used to generate ES cells.

Methods of Nuclear Transfer

An objective of the present invention is to provide a means of cloning
somatic cells more etficiently and without causing ethical concerns. The methods of
the disclosure may be used for cloning a mammal, for obtaining pluripotent cells, or
for reprogramming a mammalian cell.

Human or animal cells, preferably mammalian cells, may be obtained and
cultured by well known methods. Human and animal cells useful in the present
invention include, by way of example, epithelial, neural cells, epidermal cells,
keratinocytes, hematopoietic cells, melanocytes, chondrocytes, lymphocytes (B and
T lymphocytes), other immune cells, erythrocytes, macrophages, melanocytes,
monocytes, mononuclear cells, fibroblasts, cardiac muscle cells, cumulus cells and
other muscle cells, etc. Moreover, the human cells used for nuclear transfer may be
obtained from different organs, e.g., skin, lung, pancreas, liver, stomach, intestine,
heart, reproductive organs, bladder, kidney, urethra and other urinary organs, etc.
These are just examples of suitable donor cells. Suitable donor cells, 1.e., cells useful
in the subject invention, may be obtained from any cell or organ of the body. This
includes all somatic or germ cells e.g., primordial germ cells, sperm cells.
Preterably, the donor cells or nucleus can actively dividing, i.e., non-quiescent, cells
as this has been reported to enhance cloning efficacy. Such cells include those 1n the
G1, G2 S or M cell phase. Alternatively, quiescent cells may be used. Also
preterably, such donor cells will be 1n the G1 cell cycle. In certain embodiments,
donor and/or recipient cells of the application do not undergo a 2-cell block. In
certain embodiments, donor cells or nuclet are not pretreated before nuclear transfer.

In certain embodiments, donor cells or nuclei are not pretreated with spermine,
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protamine, or putrescine before nuclear transfer.

In certain embodiments, recipient fertilized embryos of the invention may be
from any mammalian species. In certain embodiments, cryopreserved fertilized
embryos are used as recipient cells. In certain embodiments, these embryos are
human. Cryogenic preservation and thawing are known to those skilled 1n the art
(see Tucker et al., Curr Opin Obstet Gynecdl. 1995 Jun;7(3):188-92).

In certain embodiments, donor nuclei may be labeled. Cells may be

genetically moditfied with a transgene encoding a easily visualized protein such as

- the Green Fluorescent protein (Yang, M., et al., 2000, Proc. Natl. Acad. Sci. USA,

97:1206-1211), or one of its derivatives, or modified with a transgene constructed
from the Firefly (Photinus pyralis) luciferase gene (Fluc) (Sweeney, T.J., et al. 1999,
Proc. Natl. Acad. Sci. USA, 96: 12044-12049), or with a transgene constructed from

the Sea Pansey (Renilla reniformis) luciferase gene (Rluc) (Bhaumik, S., and

Ghambhir, S.S., 2002, Proc. Natl. Acad. Sci. USA, 99:377-382). The reporter
transgenes may be constitutively expressed using a “house-keeping gene’” promoter
such that the reporter genes are expressed in many or all cells at a high level, or the
reporter transgenes may be expressed using a tissue specific or developmental stage
specific gene promoter such that only cells that have located into particulaf niches
and developed 1nto specific tissues or cell types may be visualized. Additional
labeling reagents include, but are not limited to, luminescently labeled
macromolecules including fluorescent protein analogs and biosensors, luminescent
macromolecular chimeras including those formed with the green fluorescent protein
and mutants thereof, luminescently labeled primary or secondary antibodies that
react with cellular antigens involved in a physiological response, luminescent stains,
dyes, and other small molecules. Labeled cells from a mosaic blastocyst can be
sorted for example by flow cytometry to isolate the cloned population.
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