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(57) Abregée/Abstract:

he Invention provides compositions and methods for manufacturing pluripotent cells. In particular, the invention provides

iImproved culture platforms for manufacturing pluripotent cells with ground state pluripotency. In various embodiments, the
iInvention contemplates, in part, a composition comprising: (a) a Wnt pathway agonist; (b) a MEK inhibitor; and (¢) a ROCK
Inhibitor. In certain embodiments, the composition further comprises bFGF or LIF.
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ground state pluripotency. In various embodiments, the mvention con-

templates, 1n part, a composition comprising: (a) a Wnt pathway agonist;

: (b) a MEK inhibitor; and (¢) a ROCK imhibitor. In certain embodiments,
o the composition turther comprises bFGF or LIF.
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IMPROVED REPROGRAMMING METHODS AND CELL CULTURE
PLATFORMS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C. § 119(¢) of U.S. Provisional
Application No. 61/947,979, filed March 4, 2014, which 1s incorporated by reference

herein 1n 1ts entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application 1s provided in text format
in lieu of a paper copy, and 1s hereby incorporated by reference into the specification.
The name of the text file containing the Sequence Listing 18
FATE 122 01WO ST25.txt. The text file 1s 8 KB, was created on March 4, 20135, and
1s being submitted electronically via EFS-Web, concurrent with the filing of the

specification.

BACKGROUND

Technical Field
The invention relates generally to compositions and methods for manufacturing
pluripotent cells. In particular, the invention relates to improved culture platforms for

manufacturing pluripotent cells with ground state pluripotency.

Description of the Related Art

Today’s pluripotent stem cell-based disease and toxicology screening etfforts
and tomorrow’s auto/allogeneic pluripotent stem cell therapies will require robust,
reproducible methods of cell line generation and expansion of human embryonic stem
cells (hESCs) and human 1induced pluripotent stem cells (h1iPSCs). hiPSCs have been
generated by the ectopic expression of pluripotency factors introduced through genome-
integrating retro- and lentiviral expression systems. Efforts to eliminate as many

integrating events as possible have included substituting small molecule imnhibitors for a
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number of reprogramming factors. In addition, non-integrative methods have proven to
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be mefficient and labor intensive, requiring additional reprogramming factors or not
being effective 1n reprogramming all somatic cells (Lee et al., 2013).

Several challenges associated with the culture of pluripotent stem cells have yet
to be addressed to allow the cells to become suitable for future industrial and clinical
applications. In the most commonly used conventional culture system, hESCs and
hiPSCs are maintained on feeder cells while passaged as clumps to prevent extensive
cell death and genomic aberrations (Thomson ez al., 1998). The nability to single cell
culture hiPSCs 1n a feeder-free (FF) environment severely limits potential industrial
scale screening or cell therapy applications (Skottman et al., 2007; Valamehr et al.,
2011). In addition, recent efforts on improving hiPSCs have focused on lentiviral
dertved hiPSC that were not transgene-free, limiting the therapeutic relevance of such
ctforts.

Another challenge yet to be successtully addressed, short of genome
modification, 1s the propensity for spontancous differentiation of human pluripotent
stem cells 1n culture (Pera and Trounson, 2004; Sathananthan and Trounson, 20035;
Valamehr et al., 2011).

Studies 1n hESCs and hiPSCs have been described, but continuous ectopic
expression of pluripotency genes were necessary to maintain the ground state resulting
in gecnome modified human pluripotent stem cells (Hanna ez al., 2010a), which are
unsuitable for industrial- and clinical-grade pluripotent cells.

Accordingly, the absence of compositions and methods for high-throughput,
transgene or footprint free generation of human pluripotent cell products has thus far
proven to be a substantial hurdle 1n the development and commercialization of future

pluripotent stem cell therapies.

BRIEF SUMMARY

The invention generally provides improved cell culture platforms.
In various embodiments, the invention contemplates, in part, a composition
comprising: (a) a Wnt pathway agonist; (b) a MEK 1nhibitor; and (¢) a ROCK inhibaitor,

wherein the composition does not comprise a TGFBR inhibitor.
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In particular embodiments, the Wnt pathway agonist 1s a GSK3 1nhibitor.

In certain embodiments, the GSK3 1nhibitor 1s CHIR99021 or BIO.

In additional embodiments, the MEK 1nhibitor 1s PD98059 or PD032901.

In further embodiments, the ROCK 1nhibitor 1s thiazovivin or Y27632.

In some embodiments, the GSK3 inhibitor 1s CHIR99021; the MEK inhibitor 1s
PD032901; and the ROCK 1nhibitor 1s thiazovivin.

In certain embodiments, any of the foregoing compositions further comprises
bFGF or LIF.

In further embodiments, any of the foregoing compositions further comprises
bFGF and LIF.

In various embodiments, a culture medium 1s provided comprising any of the
foregoing compositions, wherein the medium does not comprise a TGFBR inhibitor.

In some embodiments, a method of culturing one or more pluripotent cells
comprising culturing the one or more pluripotent cells 1n a cell culture medium
according to any of the foregoing culture media.

In additional embodiments, the one or more pluripotent cells are embryonic
stem cells (ESCs) or induced pluripotent stem cells (1IPSCs).

In particular embodiments, the one or more pluripotent cells are 1IPSCs.

In certain embodiments, the composition comprises a population of pluripotent
cells.

In further embodiments, the population of pluripotent cells 1s a homogenous
population of pluripotent cells.

In particular embodiments, at least 95% of the population of pluripotent cells
expresses SSEA4-FITC and TRA1-81 or TRA1-60.

In some embodiments, at most 5% of the population of pluripotent cells
expresses a-smooth muscle actin (SMA), TUJI, or FoxAZ2.

In particular embodiments, the pluripotent cells were previously cultured 1n a
cell culture medium comprising a TGFBR 1nhibitor.

In additional embodiments, culturing the pluripotent cells 1n the cell culture

medium reduces spontancous differentiation of the cultured cells.
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In one embodiment, expression of one or more differentiation marker genes 1n
the cultured cells 1s decreased by at least about 10%, 20%, 25%, 30%, 40%, 50%, 60%.,
70%, 80%, or 90% compared to the expression of the one or more differentiation
marker genes 1n a pluripotent cell cultured in a medium comprising a TGFBR mhibitor,

wherein the differentiation marker genes are selected from the group consisting of:

FOXA2, FGF35, SOX17, XIST, NODAL, COL3A1, OTX2, DUSP6, EOMES, NR2F2,
NROB1, CXCR4, CYP2B6, GATA3, GATA4, ERBB4, GATA6, HOXC6, INHA,
SMAD6, RORA, NIPBL, TNFSF11, CDHI11, Z1C4, GAL, SOX3, PITX2, APOA2,
CXCL5, CER1, FOXQI, MLL5, DPP10, GSC, PCDH10, CTCFL, PCDH20, TSHZI,
MEGF10, MYC, DKK1, BMP2, LEFTY2, HES1, CDX2, GNAS, EGR1, COL3AlI,
TCF4, HEPH, KDR, TOX, FOXAI1, LCK, PCDH7, CDID FOXGI1, LEFTY1, TUJ1, T
ogene (Brachyury) and ZIC1.

In another embodiment, the one or more differentiation marker genes 1s selected
from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17, FOXA2,
OTX2, and TUJ1.

In yet another embodiment, expression of two or more differentiation marker
ogenes 1S decreased 1 the cultured cells by at least about 10%, 20%, 25%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% compared to the expression of the two or more
differentiation marker genes 1n a pluripotent cell cultured 1n a medium comprising a
TGFPBR 1hibitor, wherein the differentiation marker genes are selected from the group
consisting of: FOXA2, FGF5, SOX17, XIST, NODAL, COL3A1, OTX2, DUSP6,
EOMES, NR2F2, NROB1, CXCR4, CYP2B6, GATA3, GATA4, ERBB4, GATAG®6,
HOXC6, INHA, SMAD6, RORA, NIPBL, TNFSF11, CDHI11, Z1C4, GAL, SOX3,
PITX2, APOA2, CXCL5, CER1, FOXQI1, MLLS5, DPP10, GSC, PCDH10, CTCFL,
PCDH20, TSHZ1, MEGF10, MYC, DKK1, BMP2, LEFTY2, HES1, CDX2, GNAS,
EGR1, COL3A1, TCF4, HEPH, KDR, TOX, FOXA1, LCK, PCDH7, CDID FOXGI,
LEFTY1, TUJI1, T gene (Brachyury) and ZIC1.

In still yet another embodiment, the two or more differentiation marker genes
are sclected from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17,
FOXA2, OTX2, and TUJI.
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In a particular embodiment, expression of three or more differentiation marker
ogenes 1S decreased 1 the cultured cells by at least about 10%, 20%, 25%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% compared to the expression of the three or more
differentiation marker genes 1n a pluripotent cell cultured 1n a medium comprising a
TGFBR 1nhibitor, wherein the differentiation marker genes are selected from the group
consisting of: FOXA2, FGF5, SOX17, XIST, NODAL, COL3A1, OTX2, DUSP6,
EOMES, NR2F2, NROB1, CXCR4, CYP2B6, GATA3, GATA4, ERBB4, GATAG®,
HOXC6, INHA, SMAD6, RORA, NIPBL, TNFSF11, CDH11, ZIC4, GAL, SOX3,
PITX2, APOA2, CXCL5, CER1, FOXQI1, MLLS5, DPP10, GSC, PCDH10, CTCFL,
PCDH20, TSHZ1, MEGF10, MYC, DKK1, BMP2, LEFTY2, HES1, CDX2, GNAS,
EGR1, COL3A1, TCF4, HEPH, KDR, TOX, FOXA1, LCK, PCDH7, CDID FOXGI,
LEFTY1, TUJI1, T gene (Brachyury) and ZIC1.

In a certain embodiment, the three or more differentiation marker genes are
selected from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17,
FOXA2, OTX2, and TUJI.

In an additional embodiment, expression of five or more differentiation marker
ogenes 1S decreased 1 the cultured cells by at least about 10%, 20%, 25%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% compared to the expression of the five or more
differentiation marker genes 1n a pluripotent cell cultured 1n a medium comprising a
TGFPBR 1hibitor, wherein the differentiation marker genes are selected from the group
consisting of: FOXA2, FGF5, SOX17, XIST, NODAL, COL3A1, OTX2, DUSP6,
EOMES, NR2F2, NROB1, CXCR4, CYP2B6, GATA3, GATA4, ERBB4, GATAG®,
HOXC6, INHA, SMAD6, RORA, NIPBL, TNFSF11, CDH11, ZIC4, GAL, SOX3,
PITX2, APOA2, CXCL5, CER1, FOXQI1, MLLS5, DPP10, GSC, PCDH10, CTCFL,
PCDH20, TSHZ1, MEGF10, MYC, DKK1, BMP2, LEFTY2, HES1, CDX2, GNAS,
EGR1, COL3A1, TCF4, HEPH, KDR, TOX, FOXA1, LCK, PCDH7, CDID FOXGI,
LEFTY1, TUJI1, T gene (Brachyury) and ZIC1.

In a further embodiment, the five or more differentiation marker genes are
selected from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17,
FOXA2, OTX2, and TUJI.
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In a certain embodiment, culturing the pluripotent cells 1n the cell culture
medium maintains or induces a ground state of pluripotency.

In particular embodiments, the ground state of pluripotency of the one or more
pluripotent cells 1s maintained for at least 5 passages.

In certain particular embodiments, the ground state of pluripotency of the one or
mor¢ pluripotent cells 1s maintained for at least 10 passages.

In further particular embodiments, the ground state of pluripotency of the one or
more pluripotent cells 1s maintained for at least 50 passages.

In additional particular embodiments, the ground state of pluripotency of the one
or more pluripotent cells 1s maintained for at least 100 passages.

In various embodiments, the foregoing methods further comprise dissociating
the one or more pluripotent cells during passaging.

In certain embodiments, the viability of the one or more pluripotent cells 1S
maintained during passaging.

In certain particular embodiments, the one or more pluripotent cells comprise a
normal karyotype.

In certain additional embodiments, the one or more pluripotent cells are cultured
in a feeder free environment.

In certain further embodiments, the genomic stability of the one or more
pluripotent cells 1s maintained for at least 10 passages.

In certain related embodiments, the genomic stability of the one or more
pluripotent cells 1s maintained for at least 50 passages.

In certamn other embodiments, the genomic stability of the one or more
pluripotent cells 1s maintained for at least 100 passages.

In various embodiments, the present invention contemplates, 1n part, a method
of adapting pluripotent cells to a feeder-free culture comprising: (a) 1solating one or
more pluripotent cells that are cultured 1n the presence of feeder cells; (b) culturing the
on¢ or more pluripotent cell mm a chemically defined cell culture medium comprising: a
Wnt pathway agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 inhibitor;
a MEK 1nhibitor; and a ROCK 1nhibitor, wherein the medium does not comprise a

TGEBR inhibitor.
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In various particular embodiments, the present invention contemplates, in part, a
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method of culturing pluripotent cells enzymatically passaged as single cells comprising:
(a) enzymatically treating one or more pluripotent cells to passage a single pluripotent
cell; (b) culturing the single pluripotent cell in a feeder free environment;(¢) culturing
the single pluripotent cell 1n a chemically defined cell culture medium comprising: a
Wnt pathway agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 1nhibitor;
a MEK 1nhibitor; and a ROCK inhibitor, wherein the medium does not comprise a
TGFBR 1nhibitor.

In various certain embodiments, the present mmvention contemplates, 1n part, a
method of reducing spontancous differentiation of one or more pluripotent cells
comprising: (a) culturing the one or more pluripotent cells 1in a feeder free environment;
(b) culturing the one or more pluripotent cells in a chemically defined cell culture
medium comprising: a Wnt pathway agonist, optionally wherein the Wnt pathway
agonist 18 a GSK3 1nhibitor; a MEK 1nhibitor; and a ROCK inhibitor, wherein the
medium does not comprise a TGFBR 1nhibitor.

In various additional embodiments, the present invention contemplates, 1n part,
a method of manufacturing induced pluripotent stem cells (1IPSCs) comprising: (a)
obtaining one¢ or more non-pluripotent cells; (b) reprogramming the one or more non-
pluripotent cells to a pluripotent state; (¢) culturing the pluripotent cells 1n a cell culture
medium that does not comprise a TGFBR 1nhibitor thereby producing 1PSCs.

In particular embodiments, the one or more non-pluripotent cells comprise a
somatic cell.

In some embodiments, the one or more non-pluripotent cells comprise an adult
stem cell.

In certain embodiments, the one or more non-pluripotent cells are
reprogrammed to a pluripotent state by increasing the expression of endogenous OCT4
in the cell.

In further embodiments, reprogramming the one or more non-pluripotent cells to
the pluripotent state comprises introducing one or more polynucleotides encoding one

or more reprogramming factors selected from the group consisting of: OCT4, SOX2,
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NANOG, KLF4, LIN28, C-MYC, ECATI1, UTF1, ESRRB, and SV40LT into the on¢
or more non-pluripotent cells.

In additional embodiments, reprogramming the one or more non-pluripotent
cells to the pluripotent state comprises introducing one or more polynucleotides
encoding one or more copies of reprogramming factors selected from the group
consisting of: OCT4, SOX2, NANOG, KLF4, LIN28, C-MYC, ECATI1, UTFI,
ESRRB, and SV40LT into the one or more non-pluripotent cells.

In certain embodiments, reprogramming the one or more non-pluripotent cells to
the pluripotent state comprises introducing one or more polynucleotides encoding one
or more copies of reprogramming factors selected from the group consisting of: OCT4,
SOX2, and NANOG 1nto the one or more non-pluripotent cells.

In certain embodiments, reprogramming the one or more non-pluripotent cells to
the pluripotent state comprises introducing one or more polynucleotides encoding one
or more copies of reprogramming factors selected from the group consisting of: OCT4,
NANOG, ECATI, UTFI1, and ESRRB into the one or more non-pluripotent cells.

In certain embodiments, reprogramming the one or more non-pluripotent cells to
the pluripotent state comprises introducing one or more polynucleotides encoding one
or more copies of reprogramming factors selected from the group consisting of: OCT4,
ECATI, and UTF1 1nto the one or more non-pluripotent cells.

In particular embodiments, the one or more polynucleotides are a lentiviral
vector.

In some embodiments, the one or more polynucleotides are an episomal vector.

In related particular embodiments, the cell culture medium comprises a Wnt
pathway agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 inhibitor; a
MEK 1nhibitor; and a ROCK 1nhibaitor.

In further particular embodiments, reprogramming the one or more non-
pluripotent cells comprises contacting the one or more non-pluripotent cells with a Wnt
pathway agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 inhibitor; a
MEK 1nhibitor; and a TGFBR 1nhibitor, and optionally a ROCK inhibitor.

In additional embodiments, the 1IPSCs comprise a population of 1PSCs.
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In particular embodiments, the population of 1IPSCs 1s a homogenous population
of 1IPSCs.

In particular embodiments, at least 95% of the population of IPSCs expresses
SSEA4 and TRA1-81 or TRA1-60.

In certain embodiments, at most 5% of the population of pluripotent cells
expresses a-smooth muscle actin (SMA), TUJI, or FoxAZ2.

In particular embodiments, culturing the pluripotent cells in the cell culture
medium reduce spontancous differentiation, or maintain or induce a ground state of
pluripotency.

In additional embodiments, expression of one or more, two or more, three or
more, four or more, or five or more differentiation marker genes 1s decreased in the
1IPSCs by at least about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
compared to the expression of the one or more differentiation marker genes 1n 1PSCs
cultured m a medium comprising a TGFPR inhibitor, wherein the differentiation marker
ogenes are selected from the group consisting of: FOXA2, FGF5, SOX17, XIST,
NODAL, COL3A1, OTX2, DUSP6, EOMES, NR2F2, NROB1, CXCR4, CYP2B6,
GATA3, GATA4, ERBB4, GATA6, HOXC6, INHA, SMAD6, RORA, NIPBL,
TNFSF11, CDHI11, ZIC4, GAL, SOX3, PITX2, APOA2, CXCL5, CER1, FOXQI,
MLL5, DPP10, GSC, PCDH10, CTCFL, PCDH20, TSHZ1, MEGF10, MYC, DKKI,
BMP2, LEFTY2, HESI, CDX2, GNAS, EGR1, COL3A1, TCF4, HEPH, KDR, TOX,
FOXAI, LCK, PCDH7, CD1D FOXGI1, LEFTY1, TUJ1, T gene (Brachyury) and
ZIC1.

In particular embodiments, the one or more differentiation marker genes 1s
selected from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17,
FOXA2, OTX2, and TUJI.

In certain embodiments, the reduction 1n spontancous differentiation 1s
maintained for at least 5 passages.

In other embodiments, the reduction 1n spontancous differentiation 1s maintained
for at least 10 passages.

In particular embodiments, the reduction 1in spontancous differentiation 1s

maintained for at least 50 passages.
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In additional embodiments, the reduction in spontancous differentiation 1s
maintained for at least 100 passages.

In further embodiments, the foregoing methods comprise dissociating the 1IPSCs
during passaging.

In additional embodiments, the viability of the 1PSCs 1s maintained during
passaging.

In certain embodiments, the 1IPSCs comprise a normal karyotype.

In other embodiments, the 1IPSCs are cultured 1n a feeder free environment.

In particular embodiments, the genomic stability of the 1PSCs 1s maintained for
at least 10 passages.

In additional embodiments, the genomic stability of the 1iPSCs 1s maintained for
at least 50 passages.

In particular additional embodiments, the genomic stability of the 1IPSCs 18
maintained for at least 100 passages.

In various embodiments, the invention provides, in part, an induced pluripotent
stem cell 1IPSC) comprising ground state pluripotency produced according to any one
of foregoing embodiments.

In various certain embodiments, the invention provides, in part, an induced
pluripotent stem cell 1IPSC) comprising ground state pluripotency, wherein the 1PSC
does not comprise an exogenously introduced polynucleotide encoding a
reprogramming factor polypeptide.

In various particular embodiments, the invention provides, i part, an method of
manufacturing induced pluripotent stem cells (1IPSCs) comprising: a) obtaining one or
more pluripotent stem cells; (b) culturing the one or more pluripotent stem cells 1n a cell
culture medium that does not comprise a TGFBR inhibitor thereby producing ground
state 1PSCs.

In certain embodiments, the one or more 1IPSCs comprises a reprogrammed
somatic cell.

In additional embodiments, the one or more 1IPSCs comprises a reprogrammed

adult stem cell.

10
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In other embodiments, the one or more 1IPSCs were reprogrammed to a
pluripotent state by increasing the expression of endogenous OCT4 1n the one or more
1PSCs.

In particular embodiments, the one or more 1PSCs were reprogrammed by
introducing on¢ or more polynucleotides encoding one or more reprogramming factors
selected from the group consisting of: OCT4, SOX2, NANOG, KLF4, LIN28, C-MYC,
ECATI, UTF1, ESRRB, and SV40LT 1nto the one or more non-pluripotent cells.

In certain particular embodiments, the one or more 1PSCs were reprogrammed
by introducing one or more polynucleotides encoding one or more copies of
reprogramming factors selected from the group consisting of: OCT4, SOX2, NANOG,
KLF4, LIN28, C-MYC, ECATI, UTF1, ESRRB, and SV40LT.

In additional embodiments, the one or more 1IPSCs were reprogrammed by
introducing one or more polynucleotides encoding one or more copies of
reprogramming factors selected from the group consisting of: OCT4, SOX2, and
NANOG 1nto the one or more non-pluripotent cells.

In additional embodiments, the one or more 1IPSCs were reprogrammed by
introducing one or more polynucleotides encoding one or more copies of
reprogramming factors selected from the group consisting of: OCT4, NANOG,
ECATI1, UTF1, and ESRRB mto the one or more non-pluripotent cells.

In another embodiment, the one or more 1PSCs were reprogrammed by
introducing on¢ or more polynucleotides encoding one or more copies of
reprogramming factors selected from the group consisting of: OCT4, ECATI, and
UTFI1 1nto the one or more non-pluripotent cells.

In various embodiments, a lentiviral vector comprises the one or more
polynucleotides.

In particular embodiments, an episomal vector comprises the one or more
polynucleotides.

In other embodiments, the cell culture medium comprises a Wnt pathway

agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 1nhibitor; a MEK
inhibitor; and a ROCK 1nhibitor.
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In certain embodiments, obtaining the one or more 1IPSCs comprises contacting
the one or more non-pluripotent cells or partially pluripotent cells with a Wnt pathway
agonist, optionally wherein the Wnt pathway agonist 1s a GSK3 1nhibitor; a MEK
inhibitor; and a TGFBR mhibitor, and optionally a ROCK 1nhibitor to produce the one
or more¢ 1PSCs.

In additional embodiments, the 1IPSCs comprise a population of 1IPSCs.

In additional embodiments, the population of 1IPSCs 1s a homogenous population
of 1IPSCs.

In particular embodiments, at least 95% of the population of 1IPSCs expresses
SSEA4 and TRA1-81 or TRA1-60.

In particular embodiments, the one or more 1PSCs are obtained by
reprogramming a population of pluripotent cells, wherein at most 5% of the population
of pluripotent cells expresses a-smooth muscle actin (SMA), TUJ1, or FoxA2.

In further embodiments, the foregoing methods comprise culturing the one or
more 1PSCs 1n the cell culture medium reduces spontancous differentiation or maintains
or induces a ground state of pluripotency.

In certain embodiments, the 1PSCs with reduced spontancous differentiation
comprise a gene expression wherein expression of one or more, two or more, three or
more, four or more, or five or more differentiation marker genes 1s decreased in the
1IPSCs by at least about 10%, 20%, 25%, 30%, 40%., 50%, 60%, 70%., 80%, or 90%
compared to the expression of the one or more differentiation marker genes in 1PSCs
cultured in a medium comprising a TGFPR inhibitor, wherein the differentiation marker
ogenes are selected from the group consisting of: FOXA2, FGFS5, SOX17, XIST,
NODAL, COL3A1, OTX2, DUSP6, EOMES, NR2F2, NROB1, CXCR4, CYP2B6,
GATA3, GATA4, ERBB4, GATA6, HOXC6, INHA, SMAD6, RORA, NIPBL,
TNESF11, CDHI11, Z1C4, GAL, SOX3, PITX2, APOA2, CXCL5, CER1, FOXQI,
MLL5, DPP10, GSC, PCDH10, CTCFL, PCDH20, TSHZ1, MEGF10, MYC, DKKI,
BMP2, LEFTY2, HES1, CDX2, GNAS, EGR1, COL3A1, TCF4, HEPH, KDR, TOX,
FOXAI, LCK, PCDH7, CDID FOXGI, LEFTY1, TUJI, T gene (Brachyury) and
Z1C1.

12



10

15

20

25

30

CA 02941004 2016-08-26

WO 2015/134652 PCT/US2015/018801

In additional embodiments, the one or more differentiation marker genes 18
selected from the group consisting of T gene, CXCR4, NODAL, GATA4, SOX17,
FOXA2, OTX2, and TUJI.

In other embodiments, the reduced spontancous differentiation 1s maintained for
at least 5 passages.

In certain embodiments, the reduced spontancous differentiation 1s maintained
for at least 10 passages.

In additional embodiments, the reduced spontancous differentiation 1s
maintained for at least 50 passages.

In particular embodiments, the reduced spontancous differentiation 1s
maintained for at least 100 passages.

In further embodiments, the foregoing methods comprise dissociating the one or
more 1IPSCs during passaging.

In particular embodiments, the viability of the one or more 1PSCs are
maintained during passaging.

In other embodiments, the one or more 1IPSCs comprise a normal karyotype.

In additional embodiments, the one or more 1PSCs are cultured 1n a feeder free
environment.

In certain embodiments, the genomic stability of the one or more 1PSCs 18
maintained for at least 10 passages.

In additional embodiments, the genomic stability of the one or more 1PSCs 1s
maintained for at least 50 passages.

In particular embodiments, the genomic stability of the one or more 1PSCs 1s
maintained for at least 100 passages.

In various particular embodiments, the invention provides, in part, an induced
pluripotent stem cell (1IPSC) comprising ground state pluripotency produced according
to any one of the foregoing embodiments.

In various embodiments, the invention provides, in part, an induced pluripotent
stem cell (1IPSC) comprising ground state pluripotency, wherein the 1PSC does not
compris¢ an exogenously introduced polynucleotide encoding a reprogramming factor

polypeptide.
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In some embodiments, a method for reprogramming a non-pluripotent cell to a
pluripotent cell 18 provided comprising introducing into the nonpluripotent cell (1) one
or more polynucleotides that encode at least one polypeptide selected from the group
consisting of an OCT4 polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide, a
NANOG polypeptide, and an ESRRB polypeptide, or (1) at least one polypeptide
selected from the group consisting of an OCT4 polypeptide, an ECATI1 polypeptide, a
UTF1 polypeptide, a NANOG polypeptide, and an ESRRB polypeptide, thereby
reprogramming the non-pluripotent cell to a pluripotent cell.

In a particular embodiment, introducing comprises (1) introducing one or more
polynucleotides that encode an OCT4 polypeptide, an ECATI polypeptide, a UTF1
polypeptide, a NANOG polypeptide, and an ESRRB polypeptide, or (11) introducing a
OCT4 polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide, a NANOG
polypeptide, and an ESRRB polypeptide.

In another embodiment, introducing comprises (1) introducing one or more
polynucleotides that encode an OCT4 polypeptide, an ECATI1 polypeptide, and a UTF1
polypeptide, or (11) introducing an OCT-4 polypeptide, an ECATI polypeptide, and a
UTF1 polypeptide.

In some embodiments, the one or more polynucleotides are introduced by a
retrovirus, Sendai virus, an adenovirus, an episome, mini-circle, vector system with
expression cassette, or mRNA.

In a particular embodiment, the retrovirus 1s a lentivirus.

In another embodiment, the pluripotent cell 1s free of exogenous
polynucleotides.

In another embodiment, the one or more polynucleotides 1s excised by CRE-
mediated excision.

In some embodiments, the method further comprises introducing into the non-
pluripotent cell (1) a polynucleotide that encodes a SV40LT polypeptide, or (11) a
SV40LT polypeptide.

In one embodiment, the method comprises contacting the nonpluripotent cell
with at least one of a TGFBR 1nhibitor, a Wnt pathway agonist, a MEK inhibitor and a

ROCK 1nhibitor, wherein the Wnt pathway agonist 1s optionally a GSK3 inhibitor.
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In another embodiment, the nonpluripotent cell 1s contacted with a TGFBR
inhibitor, a Wnt pathway agonist, a MEK 1nhibitor and a ROCK 1nhibitor, wherein the
Wnt pathway agonist 1s optionally a GSK3 1nhibaitor.

In a particular embodiment, the method further comprises culturing the
pluripotent cell 1in a culture medium comprising a Wnt pathway agonist, a MEK
inhibitor and a ROCK 1nhibitor, wherein the Wnt pathway agonaist 1s optionally a GSK3
inhibitor, and wherein the culture medium does not contain TGFBR inhibitor.

In some embodiments, the Rock inhibitor 1s thiazovivin or Y27632, the TGFR
inhibitor 1s A-83-01 or SB431542, the GSK3 1mhibitor 1s CHIR99021 or BIO, or the
MEK mbhibitor 1s PD98059 or PD032901.

In another embodiment, pluripotency of the pluripotent cell 1s maintained for at
least 5 cell divisions or at least 10 cell divisions.

In a particular embodiment, the one or more polynucleotides 1s introduced as a
polycistronic vector comprising a plurality of polynucleotides that are separated by at
least one 2A peptide.

In one embodiment, the polycistronic vector comprises a plurality of
polynucleotides that encode an OCT4 polypeptide.

In some embodiments, the method comprises 1dentifying the pluripotent cell by
selecting for OCT4 expression in the pluripotent cell.

In one embodiment, selecting for OCT4 expression comprises selecting for
ectopic Oct-4 expression.

In another embodiment, culturing produces a population of pluripotent stem
cells.

In another embodiment, the population of pluripotent stem cells are at least 70%
homogenous, at least 80% homogenous, or at least 90% homogenous.

In yet another embodiment, at least 70%, at least 80%, or at least 90% of the
population of pluripotent cells expresses SSEA and Tra-181.

In an embodiment, the pluripotent cell or population of pluripotent cells are
capable of single cell passaging.

In one embodiment, the cells produced by single cell passaging have a normal

karyotype.
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In one embodiment, the invention provides a pluripotent cell produced
according to the method of any one of the methods above.

In another embodiment, the invention provides a composition comprising an
1solated non-pluripotent cell that comprises (1) one or more exogenous polynucleotides
that encode at least one polypeptide selected from the group consisting of an OCT4
polypeptide, an ECATI polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and
an ESRRB polypeptide, or (11) at least one exogenous polypeptide selected from an
OCT4 polypeptide, an ECATI polypeptide, a UTF1 polypeptide, a NANOG
polypeptide, and an ESRRB polypeptide.

In one embodiment, the cell comprises (1) one or more exogenous
polynucleotides that encode at least two of an OCT4 polypeptide, an ECATI
polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and an ESRRB polypeptide,
or (11) at least two exogenous polypeptides selected from an OCT4 polypeptide, an
ECATI polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and an ESRRB
polypeptide.

In another embodiment, the cell comprises (1) one or more exogenous
polynucleotides that encode at least three of an OCT4 polypeptide, an ECATI
polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and an ESRRB polypeptide,
or (11) at least three exogenous polypeptides selected from an OCT4 polypeptide, an
ECATI polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and an ESRRB
polypeptide.

In one particular embodiment, the cell comprises (1) one or more exogenous
polynucleotides that encode an OCT4 polypeptide, an ECATI polypeptide, a UTF1
polypeptide, a NANOG polypeptide, and an ESRRB polypeptide, or (11) an exogenous
OCT4 polypeptide, an exogenous ECAT1 polypeptide, an exogenous UTF1
polypeptide, an exogenous NANOG polypeptide, and an exogenous ESRRB
polypeptide.

In another embodiment, the cell comprises one or more exogenous
polynucleotides that encode an OCT4 polypeptide, an ECATI1 polypeptide, and a UTF1
polypeptide, or an exogenous OCT4 polypeptide, an exogenous ECATI polypeptide,
and an exogenous UTF1 polypeptide.
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In one embodiment, the cell has been contacted with at least one of a TGFR
inhibitor, a GSK3 1nhibitor, a MEK inhibitor and a ROCK inhibitor.

In another embodiment, the cell has been contacted with a TGF[R inhibitor, a
Wnt pathway activator, a MEK 1nhibitor and a ROCK inhibitor, wherein the Wnt

5 pathway activator 1s optionally a GSK3 inhibitor.

In a particular embodiment, the Rock mhibitor 1s thiazovivin or Y27632, the
TGFBR 1nhibitor 1s A-83-01 or SB431542, the GSK3 inhibitor 1s CHIR99021 or BIO,
or the MEK 1nhibitor 1s PD98059 or PD032901.

In another embodiment, the one or more exogenous polynucleotides are

10 1ntroduced to the non-pluripotent cell by a retrovirus, Sendai virus, an adenovirus, an
episome, mini-circle, vector system with expression cassette, or mRNA.

In another embodiment, the retrovirus 1s a lentivirus.

In a particular embodiment, the cell 1s free of exogenous polynucleotides.

In an embodiment, the one or more exogenous polynucleotides are removed by

15 CRE-mediated excision.

In another embodiment, the cell comprises an exogenous polynucleotide that
encodes a SV4A0LT antigen polypeptide, or an exogenous a SV40LT antigen
polypeptide.

In one embodiment, the one or more exogenous polynucleotides 1s introduced as

20 a polycistronic vector comprising a plurality of polynucleotides that are separated by at
least one 2A peptide.

In another embodiment, the polycistronic vector comprises a plurality of
polynucleotides that encode an OCT4 polypeptide.

In an embodiment, the exogenous polynucleotide encoding an OCT4

25 polypeptide 1s linked to a selectable marker.

In one particular embodiment, the invention provides a composition consisting
of at lcast one¢ of, at Icast two of, or at least three of (1) a cDNA encoding an OCT4
polypeptide, (11) a cDNA encoding an ECAT]1 polypeptide, (111) a cDNA encoding a
UTF1 polypeptide, (iv) a cDNA encoding a NANOG polypeptide, and (v) a cDNA

30 encoding an ESRRB polypeptide.
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In an embodiment, the composition consists of a cDNA encoding an OCT4
polypeptide, a cDNA encoding an ECAT1 polypeptide, a cDNA encoding a UTF1
polypeptide, a cDNA encoding a NANOG polypeptide, and a cDNA encoding an
ESRRB polypeptide.

In another embodiment, the composition consists of a cDNA encoding an OCT4
polypeptide, a cDNA encoding an ECAT1 polypeptide, and a cDNA encoding a UTF1
polypeptide.

In a particular embodiment, each cDNA 1s encoded 1n a retrovirus, Sendai virus,
an adenovirus, an episome, a mini-circle, a vector system with expression cassette, or
mRNA.

In one embodiment, the invention provides a vector comprising of one or more
polynucleotides that encode at Ieast one reprogramming factor polypeptide selected
from the group consisting of an OCT4 polypeptide, an ECATI polypeptide, a UTF1
polypeptide, a NANOG polypeptide, and an ESRRB polypeptide.

In an embodiment, the one or more polynucleotides encode an OCT
polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and
an ESRRB polypeptide.

In another embodiment, the one or more polynucleotides encode an OCT
polypeptide, an ECATI polypeptide, and a UTF1 polypeptide.

In another particular embodiment, the vector further comprises a polynucleotide
that encodes an SV40LT antigen polypeptide.

In one embodiment, the vector 1s a retrovirus, Sendai virus, an adenovirus, an
episome, mini-circle, vector system with expression cassette, or mRNA.

In one embodiment, the retrovirus 1s a lentivirus.

In one particular embodiment, the invention provides a kit for reprogramming a
non-pluripotent cell to a pluripotent cell, the kit comprising: one or more
polynucleotides that encode at least one polypeptide selected from the group consisting
of an OCT4 polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide, a NANOG
polypeptide, or an ESRRB polypeptide; or at Ieast one polypeptide selected from the
ogroup consisting of an OCT4 polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide,
a NANOG polypeptide, or an ESRRB polypeptide; and at Ieast one of a TGFBR
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inhibitor, a Wnt pathway activator, a MEK 1nhibitor and a ROCK inhibitor, wherein the
Wnt pathway activator 1s optionally a GSK3 inhibitor.

In an embodiment, the one or more polynucleotides encode an OCT4
polypeptide, an ECATI1 polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and
an ESRRB polypeptide, or the at least one polypeptide comprises an OCT4 polypeptide,
an ECAT]1 polypeptide, a UTF1 polypeptide, a NANOG polypeptide, and an ESRRB
polypeptide.

In another embodiment, the one or more one or more polynucleotides encode an
OCT4 polypeptide, an ECATI polypeptide, and a UTF1 polypeptide, or the at least one
polypeptide comprises an OCT4 polypeptide, an ECATI1 polypeptide, and a UTF1
polypeptide.

In one embodiment, the kit comprises a polynucleotide that encodes a SV40LT
antigen polypeptide, or a SV40LT antigen polypeptide.

In another embodiment, the kit comprises a TGFPR 1nhibitor, a Wnt pathway
activator, a MEK 1nhibitor and a ROCK inhibitor, wherein the Wnt pathway activator 1s
optionally a GSK3 inhibitor.

In one embodiment, the Rock inhibitor 1s thiazovivin or Y27632, the TGFPR
inhibitor 18 A-83-01 or SB431542, the GSK3 1mnhibitor 1s CHIR99021 or BIO, or the
MEK mbhibitor 1s PD98059 or PD032901.

In another embodiment, the at least one polynucleotide 1s encoded 1n a
retrovirus, Sendai virus, an adenovirus, an episome, a mini-circle, a vector system with
expression cassette, or mRNA.

In another embodiment, the retrovirus 1s a lentivirus.

In one embodiment, the at least one polynucleotide 1s encoded 1n a polycistronic
vector with each polynucleotide being separated by a 2A peptide.

In yet another embodiment, the polycistronic vector comprises two or more
polynucleotides that encode an OCT4 polypeptide.

In a particular embodiment, the at Ieast one polynucleotide that encodes an
OCT4 polypeptide 1s linked to a selectable marker.

In another particular embodiment, the invention provides a method for

producing a population of pluripotent stem cells comprising: providing a population of
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non-pluripotent cells; introducing into the population of non-pluripotent cells a
polynucleotide that encodes an OCT4 polypeptide that 1s linked to a selectable marker;
incubating the population of non-pluripotent cells with the polynucleotide under
conditions sufficient to reprogram at least a portion of the population of non-pluripotent
cells to pluripotent cells; selecting cells that express the selectable marker thereby
providing a population of pluripotent stem cells.

In another embodiment, the polynucleotide 1s introduced as a polycistronic
vector comprising a plurality of polynucleotides that encode an OCT4 polypeptide.

In one embodiment, the plurality of polynucleotides are separated by at least one
2A peptide.

In yet another embodiment, at least 10 % of the cells 1n the population of cells

express SSEA and TRA-181.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figures 1A-1E show results from a multistage culture platform for enhanced
reprogramming and hiPSC maintenance. (1A) Lentiviral generated hiPSC clone
FT1088 maintained a homogenecous population of undifferentiated cells in SMC4 while
spontancous differentiation was seen 1n the lentiviral generated hiPSC line FT1096
cultured in SMC4. Spontancous differentiation was minimized when FT1096 was
transitioned to FMM for 3 passages as shown by morphology (upper panels) and tflow
cytometry for SSEA4 and TRA1-81 (lower panels). (1B) gRT-PCR for transgene
expression of viral element WPRE. Expression was normalized to GAPDH and relative
to WPRE expression of parental fibroblast line four days post lentiviral infection (Day 4
P.1.). Uninfected fibroblast line (fibroblast) and human ESC line HUES9 were used as
negative controls. Value of ecach set 1s indicated above the bar. (1C) Screen of various
medium components’ effect on SSEA4 and TRA1-81population of transgene free
lentiviral-induced hiPSC after 10 passages; removal of SB431542 (-TGFR1), increase
from 10 to 100 ng/mL bFGF, addition of 10 ng/mL LIF. (1D) Fibroblast cell line was
transfected with lentiviral construct containing gene set OCT4/KLF4/SOX2 and split
into various media (conventional medium; Conv.), cultured for 17 days and sorted for

SSEA4 and TRA1-81 double positive population at day 17. Sort gate 1s highlighted 1n
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blue. Each set was cultured for an additional 10 days in respective media except for the
SMC4 set which was split into FMM and SMC4. At day 27, the cultures were resorted
for SSEA4 and TRA1-81 double positive population, seeded at normalized density of
sorted events and maintained in respective media for an additional 9 days.
Conventional culture set gating was expanded to achieve normalized number of cells.
At day 36, cach culture was stained for OCT4 and NANOG expression. Representative
immunocytochemistry images shown in the right panel for each set. (1E) Colony
counts of day 36 staining as discussed 1 (1D). Error bars represent triplicates for FRM
to FMM and FRM and duplicates for FMM and hESC.

Figures 2A-2E show that individual episomal reprogrammed hiPSCs are
cfficiently selected and seeded 1n 96-well plates for clonal expansion. (2A) Schematic
timing 1llustration of episomal induction, multistage culture platform, flow cytometry
sorting and clonal expansion. (2B) Flow cytometry profile of episomal induced
reprogramming maintained in FRM to FMM transition in FF culture (outlined in 2A) at
indicated days post transfection. Sort gating strategy used for each parental line
(SSEA4+/TRA1-81+/CD30+ population) 1s 1llustrated in respective colors,
corresponding to the bottom histogram panel representing the percent of wells of 96-
well plate contaming individual hiPSC clones. Wells containing multiple clones or
differentiated clones were not scored. The solid line represents the average percentage
amongst all derivations with dotted lines representing standard deviation. (2C) Flow
profile of FTCO007 induced to reprogram 19 days post transfection maintained in
conventional medium 1n the presence of MEF cells. The induced population was taken
from the same population of FTC007 1n (2B), however treated in different culture
thercafter. (2D) Immunocytochemistry analysis of various pluripotency markers of
sorted colonies 1n 96-well plate. Right corner panels represent DAPI staining. (2E)
qRT-PCR for NANOG expression for cach well of a SSEA4/TRA1-81/CD30 direct
sorted (FACS) 96-well plate at 3 cells per well. The expression range 1S between zero
and four times expression relative to HI human ESCs as described 1n the legend and
normalized to GAPDH.

Figures 3A-3F show that episomal reprogrammed hiPSC clones maintain their

undifferentiated state and are free of transgene sequence. (3A) Typical morphology of
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hiPSC clones 24 hours after single cell passage. (3B) Representative images of hiPSC
clone during culture. (3C) PCR analysis for episomal DNA derived from various
hiPSC clones. Lane 1, FTC007-cl p4; Lane 2, FTC007-c21 p4; Lane 3, FTC016-¢c25
pd; Lane 4, FTCO016-¢36 p35; Lane 5, FTCO17-c11 p7;, Lane 6, FTCO17-c14 p7; Lane 7,
FTCO17-c17 p6 (a line maintaining episomal constructs used a positive control); Lane
8, untransfected FTCO007; Lane 9, hiPSC generated using lentiviral constructs (to serve
as a control against cross contamination); Lane 10, episomal vector used as positive
control. Input of 100ng genomic DNA and 35 PCR cycles were used for all sets. (3D)
Pluripotency markers detected by immunofluorescence for the expression of OCTA4,
NANOG, TRA1-81 and TRA160. (3E) Flow cytometry profile for selected hiPSC
clones from various parental lines. Upper row profiles SSEA4/TRA1-81 surface
expression. Bottom row profiles OCT4/NANOG 1ntracellular expression. (3F) qRT-
PCR analysis for endogenous pluripotent gene expression. Data was normalized to
GAPDH and relative to HUES9 hESCs. In the case of KLF4 expression two data
points exceeded 15-times greater than HUES9 and were noted on the graph. Error bars
represent standard deviation of replicates.

Figures 4A-4E show that genomic stability and pluripotency is maintained
during continuous single cell and FF culture. (4A) Cytogenetic analysis on 20 to 40 G-
banded metaphase cells from various hiPSC clones maintained 1n FF and single cell
culture. (4B) Flow cytometry profile and cytogenetic analysis of long-term passaged
(p25-30) hiPSC clones 1n FF and single cell culture. (4C) Three to four day directed
differentiation of FTCO17-c11. (4D) Embryoid body formation and differentiation of
hiPSC clones demonstrating trilineage differentiation. Immunocytochemistry
conducted 28 days post differentiation: Ectoderm, TUJ1; Mesoderm, alpha smooth
muscle actin (aSMA); Endoderm, AFP. (4E) Histological sections of teratoma derived
from FTCO007-¢c21 and FTCO16-c25 representing cach somatic lincage. Black arrows,
endoderm; white arrows, ectoderm; gray arrows, mesoderm.

Figures SA-5J show derivation of hiPSC clones with minimal number of
reprogramming factors. (5A) OCT4, SOX2 and NANOG were cloned into pCEP4 1n
various formats. Table represents vector systems and abbreviations. (5B) SSEA4 and

TRA1-81 flow cytometry profile of reprogramming kinetics induced by various gene
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combinations at day 13 post induction. (5C) Efficiency histogram representing the
presence of TRA1-81 positive hiPSC clones 1n wells of 96-well plate at 3 and 9 cells
per well. (5D) PCR analysis for episomal DNA derived from various hiPSC clones.
Lane 1 2xO+OS+ONS+T-c7 p6; Lane 2, 2xO+OS+ONS+T-c10 p6; Lane 3,
2x0O+ONS+T-¢3 p3; Lane 4, 2xO+ONS+T-¢9 p5; Lane 5, 2xO+OS+T-¢7 p7; Lane 6,
2x0+0OS+T-¢c9 p6; Lane 7, untranstected FTCO007; Lane 8, hiPSC generated using
lentiviral constructs; Lane 9, episomal vector used as positive control. Input of 100ng
genomic DNA and 35 PCR cycles were used for all sets. (5E) Morphology of clone 9
derived from 2xO+0OS+T. (5F) Pluripotency markers detected by immunofluorescence
for the expression of OCT4, NANOG, TRA1-81 and TRA160. Images taken at 10x
magnification. (5G) Flow profile of hiPSC clones derived from selected gene sets.
Upper row profiles SSEA4/TRA1-81 surface expression. Bottom row profiles
OCT4/NANOG intracellular expression. (SH) Directed differentiation of selected
hiPSC clones approximately 72 to 96 hrs post induction. (5I) Cytogenetic analysis of
G-banded metaphase cells from various hiPSC clones maintained in FF and single cell
culture. (5J) Histological sections of teratoma derived from hiPSC clone
2x0+OS+ONS+T-c10 representing cach somatic lincage. Left panel, endoderm,;
middle panel, mesoderm; right panel, ectoderm.

Figures 6A-6B show the relative gene expression profile of minimal factor
episomal-induced hiPSCs in FMM. Heatmap results derived from a Fluidigm dynamic
array depicting relative gene expression levels (RQ) of pluripotency (6A) and
differentiation (6B) genes of conventionally maintained hiPSC lines, conventionally
maintained H1 hESCs, and episomal hiPSC lines derived using various gene
combinations maintained in FMM. Relative gene expression for each line 1s noted
within each box and color coded based on three expression levels summarized in the
legend (lower right). All sets were conducted in duplicates, normalized to the average
expression of two housekeeping genes (GAPDH and HPRT1) and referenced to the
median expression level of six control conventional lines (OSK hiPSCs and H1 hESCs
on MEF) representing 1x value.

Figures 7A-7G show that FMM maintained hiPSCs have reduced expression of

differentiated genes and represent the ground state. (7A) A total of 339 probe sets were
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differentially expressed between conventional and FMM culture by greater or less than
2.5-fold. Hierarchical clustering on the 339 probe sets using a complete linkage method
based on Euclidean distance measurements. (7B) Gene ontology biological process
enrichment analysis (D.A.V.1.D.) of the 213 probe sets up-regulated 2.5-fold or greater
with conventional culture (in comparison to FMM culture). (7C) Gene lists
representative of ground or metastable pluripotency states. List derived from references
noted 1n text. 7(D) Hierarchical clustering on the 231 probe sets corresponding to the
genes 1n (7C) using a complete linkage method based on Euclidean distance
measurements. (7E) RMA (log2) intensities for the probe sets corresponding to the
genes 1n (7C). Left panel represents 39 probe sets for ground state, right panel
represents 188 probe sets for metastable state. Average conventional culture intensity
levels are plotted on the X-axis while the average FMM/SMC4 intensity 1s on the Y-
ax1s, black line indicates equal expression. (7F) Gene expression comparison of X
chromosome located genes between hiPSC clone derived and cultured 1in conventional
medium culture and 1ts counterpart adapted to SMC4 culture using Affymetrix probe
sets. Probe sets associated with XIST gene expression are highlighted. (7G)
Representative images of HEK27me3 on hiPSC clone maintained in FMM or adapted
to conventional culture for 5 passages. Dotted arrow 1n the left panel points to a
representative nucleus absent of H3K27me3 staining while solid arrow 1n the right
panel points to a nucleus positive for H3K27me3 staining. Percentages of nucleus
positive staining are indicated in the lower left side of each pancl. FMM cultured cells
have a larger nucle1. Scale bar = 50 um.

Figures 8A-8D show episomal induced reprogramming with FRM and FMM.
(8A) Day 10 SSEA4 and TRA1-81 flow profile of reprogramming pool. (8B)
Representative morphology of typical colony seen during reprogramming. Image taken
at day 13 post transfection. (8C) Episomal reprogrammed fibroblast cells maintained in
FRM for the first 14 days were split and either maintained in FRM or switched to
FMM. The reprogramming cultures were then sorted for SSEA4/TRA1-81/CD30 on
day 21 post transfection and maintained in FRM or FMM for an additional 10 days
prior to analysis. (8D) Morphology and flow profile of representative cultures in FRM

or FMM. White arrow points to regions of differentiated cells 1in a culture that consists
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of a mixture of undifferentiated and differentiated population. Black arrow points to
sharp edges of a mostly undifferentiated population. Lower panels are representative
flow profiles. FSC; Forward Side Scatter.

Figures 9A-9B show reprogramming of various parental lines. (9A) Summary
table of the starting cell lines used in this study. In addition to specific information
related to each line, the percent positive SSEA4/TRA1-81/CD30 population at time of
sort post episomal transfection 1s noted. (9B) Illustration depicting the sort and culture
of CD34 enriched cord blood cells. A volume of 0.5 ml cord blood previously
maintained 1n a bank was used to extract 65,000 CD34+CD45+Lin- cells which were
cultured 1n suspension for 6 days prior to episomal transfection.

Figures 10A-10G show the characterization of hiPSCs during the
reprogramming and maintenance process. (10A) Typical colony morphology three
days post single cell 96-well plate sorting. Scale bar represents 400um. (10B)
Representative morphology of single cell derived hiPSC-like colony 7-9 days post sort
from various starting cells. Scale bar represents 1000 um. (10C)
Immunocytochemistry for NANOG expression of hiPSC-like colonies 1n 96-well plates.
(10D) Day 16 flow profile analysis of FTC007 induced to reprogram and maintained
cither on Matrigel or vitronectin coated culture plates. (10E) Bright-field image, (10F)
immunofluorescence for OCT4 and NANOG or (10G) flow cytometry analysis for
SSEA4 and TRA1-81 of FTC016-¢28 maintained in FMM either continuously on
Matrigel or for 5 passages Vitronectin.

Figures 11A-11C show examples of minimal gene reprogramming with the
FMM culture platform. (11A) Morphology of cells treated with hygromycin from day 2
to 5 post transfection with episomal construct containing hygromycin selection cassette.
(11B) Reprogramming pools were maintained for longer duration and profiled on day
16 post transfection. (11C) Appearance of culture maintained on either Matrigel or
Vitronectin.

Figures 12A-12E show the characteristics of hiPSC cultured in multiple
conditions. (12A) Lentiviral derived and SMC4 mamtained FT1111 displayed the
hallmarks of pluripotency and maintained genomic integrity. (12B) Depiction of thaw

strategy of FT1111 p43. A single vial was thawed into four culture environments as

25



10

15

20

25

30

CA 02941004 2016-08-26

WO 2015/134652 PCT/US2015/018801

noted. Surviving cultures were passaged 1n respective culture with the exception of
conventional culture supplemented with thiazovivin on feeder cells, which was
transitioned to conventional culture without Thiazovivin 1n the presence of feeder cells
and passaged as clump. (12C) Morphology of recovering cells 1n various culture post
thaw. No surviving cells were 1dentified 1n the conventional culture without
Thiazovivin 1n the presence of feeder cells. (12D) Morphology of culture sets at
passage 3 post thaw. Larger colony morphology was associated with conventional
culture. Scale bar 1000 um. (12E) gRT-PCR analysis for endogenous pluripotent gene
expression of cach culture set. Data was normalized to GAPDH and relative to H1
hESC:s.

Figures 13A-13E show the gene ontology of gene expression profiles of hiPSCs
cultured 1n various conditions. (13A) Table describing the derivation and maintenance
of cach line described 1n global gene expression studies. (13B) A total of 300 probe
sets were differentially expressed between the conventional and small molecule (FMM
and SMC4) culture conditions by greater or less than 2.5-fold. Hierarchical clustering
on the 300 probe sets using a complete linkage method based on Euclidean distance
measurements. (13C) Gene ontology biological process enrichment analysis
(D.A.V.1.D.) of the 133 probe sets up-regulated 2.5-fold or greater with conventional
culture (1n comparison to small molecule culture). (13D) Gene ontology biological
process enrichment analysis (D.A.V.1.D.) of the 167 probe sets up-regulated 2.5-fold or
greater with small molecule culture (1in comparison to conventional culture). (13E)
Gene ontology biological process enrichment analysis of the 126 probe sets up-
regulated 2.5-fold or greater with FMM culture (1n comparison to conventional culture).

Figures 14A-14F show cloning maps illustrating examples of the lentiviral
constructs (14A-14B) and episomal constructs (14C-14F) used for reprogramming.
Lentiviral constructs include an EF1a promoter and a LOXP site for CRE-mediated
excision of transgenes. Episomal constructs also include an EF1a promoter.

Figures 15A-15C show representative flow analysis for various reprogramming
factor combinations at days 8-15. Human fibroblast cells were induced with various

combinations of lentiviral mediated reprogramming factors including OCT4, ECAT]I,

and UTF1.
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Figures 16A-16D show representative flow analysis and 1iPSC morphology
characteristics for various reprogramming factor combinations at days 21-27. Data
shows unique reprogramming combinations can be used to derive SSEA4+/TRA181+
h1iPSCs.

Figures 17A-17B show highly enhanced lentiviral reprogramming efficiency as
illustrated by flow analysis (SSEA4+/TRA181+ and CD30+ populations) and iPSC
morphology characteristics. Human fibroblast cells were reprogrammed with OCTA4,
ECATI1, UTF1, ESRRB, and NANOG. Cells were reprogrammed using FRM and
maintained i FMM.

Figures 18A-18D show representative flow analysis and phase images of
established four 1IPSC clones after 7-9 passages after 96-well sort. Clones were
generated with lentiviral reprogramming factors (OCT4, ECATI, UTF1, ESRRB, and
NANOG) with FRM and maintained in FMM. Populations expressing high
SSEA4+/TRA181+ 1ndicate pluripotency.

Figures 19A-19B show representative flow analysis for expression of OCT4
and NANOG 1n human fibroblast cells reprogrammed with lentiviral reprogramming
factors OCT4, ECATI1, UTF1, NANOG and ESRRB. Clones were reprogrammed
using FRM and maintained in FMM. Populations expressing high OCT4+/NANOG+
indicate pluripotency.

Figures 20A-20C show the karyotype analysis of hIPSC clones derived from
human fibroblast cells reprogrammed with lentiviral reprogramming factors OCT4,
ECATI, UTF1, NANOG and ESRRB. Clones were reprogrammed using FRM and
maintained in FMM. Clones exhibit a normal, male karyotype.

Figure 21 shows 96 well plate sorting efficiency of reprogramming factor
combination OCT4/ESRRB/NANOG/ECATI1/UTF1 compared to the reprogramming
factor combination OCT4/NANOG/SOX2/LARGE T.

Figures 22A-22B show 1mages of colonies during expansion out of 96 well for
cells reprogrammed with (22A) OCT4-P2A-OCT4 / NANOG-P2A-ESRRB-T2A-
LIN28 / ECATI-T2A-UTF1 at 4, 6 and 11 days, and (22B) OCT4-P2A-ESRRB /
OCT4-P2A-NANOG / ECATI1-T2A-UTF1 for two wells at 7 days and one well at 10

days.
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Figures 23A-23C show (23A) a summary the results of flow analysis
demonstrating the effect of reprogramming factor stoichiometry and use of a genetic
marker for selection of cells with ectopic OCT4 expression, (23B) flow analysis for
human fibroblasts reprogrammed with episomal OCT4-P2A-NANOG-T2A-SOX2 /
SV40 Large T Antigen without selection of OCT4, and (23C) flow analysis for human
fibroblasts reprogrammed with episomal OCT4-P2A-NANOG-T2A-SOX2 / SV40
Large T Antigen / OCT2-P2A-OCT4-Puromycin.

Figure 24 shows immunofluorescent analysis of derived 1PSC clones stained for
pluripotency markers OCT4 (green) and TRA181(red) with DAPI 1n blue.

Figure 25 shows images of SSEA4+/TRA181+/CD30+ 96-well plate sorted
clones post CRE-mediated excision. Colonies were sorted from an 1PSC clone
originally derived from human fibroblast cells, reprogrammed with lentiviral factors

OCT4, ECATI1, UTF1, NANOG, and ESRRB, and then excised for transgenes. Sorted

colonies show an 1PSC phenotype.

DETAILED DESCRIPTION

A. OVERVIEW

Existing methods for the production and maintenance of pluripotent cells have
not yet realized homogenous cultures of footprint-free pluripotent cells free from
spontancous differentiation and amenable to high-resolution/high-clonality single cell
passage and large scale expansion. Ground State pluripotent cells may confer qualities
and characteristics that overcome these challenges. However, to date, no reliable or
robust methods exist for the high-throughput generation of ground state pluripotent
cells 1n feeder-free conditions. Thus, existing methods may not be suitable for the
production of industrial- or clinical grade pluripotent cells. The invention contemplated
herein addresses a need for the robust generation of stable pluripotent cells in or with
characteristics of ground state pluripotency and solves problems in the manufacture of
stable pluripotent cells suitable for industrial and clinical use.

In general, the invention relates to compositions and methods for the improved
manufacture of pluripotent cells, particularly cells with reduced spontancous

differentiation, including ground state pluripotent cells. More particularly, the
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invention relates to a multistage culture platform that utilizes small molecule
modulators of cellular signal transduction pathways, 1n a stage-specific manner and
cnables pluripotent cell derivation and maintenance to the point where culturing
methods and methods of deriving pluripotent cells are no longer a source of variability
and/or gating activity for downstream use. Moreover, the culture platform
contemplated herein enables the derivation and maintenance of pluripotent cells 1n
feeder-free conditions, with improved genomic stability, improved undifferentiated
state, reduced spontancous differentiation, improved culture homogeneity, improved
survival 1n the culturing, dissociation, and passaging of single pluripotent cells, and
improved methods of transgene or footprint free reprogramming cells to ground state
pluripotency. Thus, the compositions and methods contemplated herein enable the
manufacture of pluripotent cells that are appropriate for industrial and clinical use
and/or ground state pluripotent cells.

To date no small molecule driven platform has demonstrated the ability to
enhance reprogramming and support single cell and FF culture of footprint-free induced
pluripotent stem cells (1IPSCs) derived from human cells (Nichols and Smith, 2012).
The culture platforms contemplated herein, provide for, in part, the application of
specific combinations of small molecule inhibitors 1n a stage-specific manner to enable
rapid and robust reprogramming and stable long term culture of pluripotent stem cells.
In various embodiments, a culture platform for inducing or maintaining improved
undifferentiated pluripotent state including ground state pluripotency 1s provided. The
platform contemplated herein also provides a robust culture system for the production
and maintenance of ground state pluripotency in human 1PSCs (hiPSCs). In one
embodiment, the culture platforms enable a transgene or footprint-free method of
reprogramming. In particular embodiments, the platform contemplated herein
represents an improved method for the manufacture of hiPSCs that overcomes key
challenges 1n the multiplex derivation and maintenance of transgene-free hiPSC.

The practice of the present invention will employ, unless indicated specifically
to the contrary, conventional methods of chemistry, biochemistry, organic chemistry,
molecular biology, microbiology, recombinant DNA techniques, genetics, immunology,

cell biology, stem cell protocols, cell culture and transgenic biology that are within the
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skill of the art, many of which are described below for the purpose of 1llustration. Such
techniques are explained fully 1n the literature. See, e.g., Sambrook, et al., Molecular
Cloning: A Laboratory Manual (3™ Edition, 2001); Sambrook, et al., Molecular
Cloning: A Laboratory Manual (2™ Edition, 1989); Maniatis ef al., Molecular Cloning:
A Laboratory Manual (1982); Ausubel et al., Current Protocols in Molecular Biology
(John Wiley and Sons, updated July 2008); Short Protocols in Molecular Biology: A
Compendium of Methods from Current Protocols in Molecular Biology, Greene Pub.
Associates and Wiley-Interscience; Glover, DNA Cloning: A Practical Approach, vol. 1
& II (IRL Press, Oxford, 1985); Anand, Techniques for the Analysis of Complex
Genomes, (Academic Press, New York, 1992); Guthrie and Fink, Guide to Yeast
Genetics and Molecular Biology (Academic Press, New York, 1991); Oligonucleotide
Synthesis (N. Gait, Ed., 1984); Nucleic Acid Hybridization (B. Hames & S. Higgins,
Eds., 1985); Transcription and Translation (B. Hames & S. Higgins, Eds., 1984);
Animal Cell Culture (R. Freshney, Ed., 1986); Perbal, A Practical Guide to Molecular
Cloning (1984); Fire et al., RNA Interference Technology: From Basic Science to Drug
Development (Cambridge University Press, Cambridge, 2005); Schepers, RNA
Interference in Practice (Wiley-VCH, 2005); Engelke, RNA Interference (RNAi): The
Nuts & Bolts of siRNA Technology (DNA Press, 2003); Gott, RNA Interference,
Editing, and Modification: Methods and Protocols (Methods 1n Molecular Biology;
Human Press, Totowa, NJ, 2004); Sohail, Gene Silencing by RNA Interference:
Technology and Application (CRC, 2004); Clarke and Sansecau, microRNA: Biology,
Function & Expression (Nuts & Bolts series; DNA Press, 2006); Immobilized Cells And
Enzymes (IRL Press, 1986); the treatise, Methods In Enzymology (Academic Press, Inc.,
N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds.,
1987, Cold Spring Harbor Laboratory); Harlow and Lane, Antibodies, (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y ., 1998); Immunochemical Methods
In Cell And Molecular Biology (Mayer and Walker, eds., Academic Press, London,
1987), Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and C.
Blackwell, eds., 1986); Riott, Essential Immunology, 6th Edition, (Blackwell Scientific
Publications, Oxford, 1988); Embryonic Stem Cells: Methods and Protocols (Methods
in Molecular Biology) (Kurstad Turksen, Ed., 2002); Embryonic Stem Cell Protocols:
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Volume I: Isolation and Characterization (Methods 1n Molecular Biology) (Kurstad
Turksen, Ed., 2006);, Embryonic Stem Cell Protocols: Volume II: Differentiation
Models (Methods 1n Molecular Biology) (Kurstad Turksen, Ed., 2006); Human
Embryonic Stem Cell Protocols (Methods 1n Molecular Biology) (Kursad Turksen Ed.,
2006); Mesenchymal Stem Cells: Methods and Protocols (Methods 1n Molecular
Biology) (Darwin J. Prockop, Donald G. Phinney, and Bruce A. Bunnell Eds., 2008);
Hematopoietic Stem Cell Protocols (Methods in Molecular Medicine) (Christopher A.
Klug, and Craig T. Jordan Eds., 2001); Hematopoietic Stem Cell Protocols (Methods 1n
Molecular Biology) (Kevin D. Bunting Ed., 2008) Neural Stem Cells: Methods and
Protocols (Methods 1n Molecular Biology) (Leslie P. Weiner Ed., 2008); Hogan et al.,
Methods of Manipulating the Mouse Embyro (2™ Edition, 1994); Nagy et al., Methods
of Manipulating the Mouse Embryo (3" Edition, 2002), and The Zebrafish book. A
guide for the laboratory use of zebrafish (Danio rerio), 4th Ed., (Univ. of Oregon Press,
Eugene, OR, 2000).

All publications, patents and patent applications cited herein are hereby

incorporated by reference in their entirety.

B. DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by those of ordinary skill in the art to which
the mvention belongs. For the purposes of the present invention, the following terms
are defined below.

The articles “a, ” “an, ” and “the” are used herein to refter 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” means one element or more than one element.

The use of the alternative (e.g., “or’’) should be understood to mean either one,
both, or any combination thercof of the alternatives.

The term “and/or” should be understood to mean either one, or both of the
alternatives.

As used herein, the term “about™ or “approximately” refers to a quantity, level,

value, number, frequency, percentage, dimension, size, amount, weight or length that
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varies by as much as 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% compared to
a reference quantity, level, value, number, frequency, percentage, dimension, size,
amount, weight or length. In one embodiment, the term “about” or “approximately”

refers a range of quantity, level, value, number, frequency, percentage, dimension, size,

amount, weight or length £ 15%, & 10%, £+ 9%, = 8%, £ 7%, £ 6%, £ 5%, £ 4%, £ 3%,

+ 2%, or = 1% about a reference quantity, level, value, number, frequency, percentage,
dimension, size, amount, weight or length.

As used herein, the term “substantially” or “essentially” refers to a quantity,
level, value, number, frequency, percentage, dimension, size, amount, weight or length
that 1s about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or higher
compared to a reference quantity, level, value, number, frequency, percentage,
dimension, size, amount, weight or length. In one embodiment, the terms “essentially
the same” or “‘substantially the same” refer a range of quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or length that 1s about the same
as a reference quantity, level, value, number, frequency, percentage, dimension, size,
amount, weight or length.

As used herein, the terms “substantially free of” and “essentially free of” are
used mterchangeably, and when used to describe a composition, such as a cell
population or culture media, refer to a composition that 1s free of a specified substance,
such as, 95% free, 96% free, 97% free, 98% free, 99% free of the specified substance,
or 18 undetectable as measured by conventional means. Similar meaning can be applied
to the term “absence of,” where referring to the absence of a particular substance or
component of a composition.

As used herein, the term “appreciable” refers to a range of quantity, level, value,
number, frequency, percentage, dimension, size, amount, weight or length or an event
that 1s readily detectable by one or more standard methods. The terms “not-
appreciable” and “not appreciable” and equivalents refer to a range of quantity, level,
value, number, frequency, percentage, dimension, size, amount, weight or length or an
cvent that 1s not readily detectable or undetectable by standard methods. In one

embodiment, an event 18 not appreciable if 1t occurs less than 5%, 4%, 3%, 2%, 1%,

0.1%., 0.01%, 0.001% or less of the time.
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Throughout this specification, unless the context requires otherwise, the words

2% &6

“comprise,” “‘comprises’ and “comprising” will be understood to imply the inclusion of
a stated step or element or group of steps or elements but not the exclusion of any other
step or element or group of steps or elements. In particular embodiments, the terms

2% &6

“include,” “has,” “contains,” and “comprise” are used synonymously.

By “consisting of”’ 1s meant including, and limited to, whatever follows the
phrase “consisting of.” Thus, the phrase “consisting of”” indicates that the listed
clements are required or mandatory, and that no other elements may be present.

By “consisting essentially of” 1s meant including any elements listed aft<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>