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METHODS AND VECTORS TO PRODUCE VECTOR FREE INDUCED
PLURIPOTENT STEM CELLS

BACKGROUND OF THE INVENTION

Field of the favention

{0008}  The invention relates generslly to methods of generating induced pluripotent stem
cells (IPSCs) that do not contain a reprogramming vector, In some embodiments, the
invention relates to inducing pluripotency in somatic celis by introducing an episomal
veelor{s) comprising at Iesast one expression cassefie confaining reprogramming factors

and/or synthetic transcription factors and a suicide gene.
Background

{0002]  Current cellular reprogramming methods producing induced pluripotent stem cells
{(iPSCs} often use retroviruses to deliver reprogramming factors.  (Schlseger et al, "A
comparison of non-integrating reprogramming methods,” Nor Blotechnod 33¢1 ) 538-63 (2015}
{"Schiseger™}). RNA from these viruses is reverse transcribed into DNA and integrated into
the genome of the host cell. However, such cells are not accepiable under regulatory
guidelines for therapeutic applications. Consequently other reprogramming methods ave

nesded to ensure that iP8Cs are free of any exogenous DINA sequences.

[8003]  As summarized by Schiaeger, major approaches include use of messenger RNA
ransfection, with and without micro-RNAs, snd episomal, EBNA-1, based expression
vectors. The former, RNA-based, methods can efficlently generate iPSCs, but present
significant issues relating to labor requirements and success mites {method robusiness), as

well as cell type and donor specificity.

{0004} Episomal vector reprogramming represents an attractive ‘all-round” system for
reprogramming, taking into account all of the required characteristics of the method. A major
problem remains, however, that extensive passaging is required before exogenous DNA-free
lines are established, either due to prolonged vector retention or integration into the host celf

genome.

[0805]  Current cellular reprogramming protocols using episomal vectors require that

quantitative measures are taken 1o ensure that the generated iPSC lines are vector-free. Newly
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generated IPSCs are typically picked from the PO plate on day 20-30 after transfection. Most
of the colonies retain the vector when picked, and vector-loss kinetios varies in different iIPSC
clones, with some clones identified as vector-free at low passage {5-10) and other at 3 high
passage {15-30). This makes # necessary to pick many IPSC colonies from the PO plate and
o keep themn in culture for a long period of time until vector clearance is achieved, This

practice is a hurdie for cell therapy applications, where time and cost ave crucial factors.
SUMMARY OF THE INVENTION

[0006] In some embodiments, the invention provides efficient methods of producing
induced human pluripotent stem cells (iPSCs) that are essentislly free of reprogramming
veotor(s}, comprising: {a} introducing the reprogramming vector{s} into a human somatic cell
to produce a first csll population, whereln the reprogramming vector(s) comprises a viral
origin of replication, an expression cassetie encoding at least one iPSC reprogramming factor
and/or synthetic transcription factor, and a suicide gene; (b} culturing the first cell population
to effect expression of the reprogramming factor(s) andfor synthetic transcription factor to
produce a second cell population having iraits consistent with embryonic stem celly; and (o}
contacting the second cell population with 2 suicide gene substrate o produce a cell

popuiation that is essentially free of reprogramming vector{s).

8067} in somes embodiments, the invention is divected to methods of producing induced
human pluripotent stem cells (iPSCs) that are cssentially free of episomal reprogramming
vector(s), comprising: () introducing an episomal reprogramming vector(s} into a somatic
cell to produce a first cell population, wherein the episomal reprogramming vector(s)
comprigses {i} an OriP replication origin, {li} an expression cassetie encoding an iPSC
reprogramming factor andfor synthetic transeription factor, (i} a polynucleotide encoding
EBNA-1 of EBVY, a derivative of EBNA-1 that has a deletion of residues 85 to §9 of EBNA.
I, a derivative of BBNA-1 that has a delstion of residues 90 to 328 of EBNA-L, or a
derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-1, and (iv) 2 thymidine
kinase or cylosine deaminase suicide gene; (b) culturing the first coll population to effect
expression of the reprogramming factor andfor synthetic transcription factor to produce 8
second cell population having traits consistent with embryonic stem cells; {¢) contacting the
second cell population with a suicide gene substrate to produce iPSCs that are essentially free

of an episomal reprogramming vector,
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{boes] In additional embodiments, the invention provides methods of producing induced
human pluripotent stem cslls (IPSCs) that are essentially free of reprogramming vector{s),
comprising: {a) introducing a reprogranuming veclor(s) into a somatic cell to produce a first
cell population, wherein the reprogramming vector comprises {} & viral origin of replication,
i} an expression casseite encoding IPSC reprogramming factor(s) andfor synthetic
transcription factor(s), i) a gene reguiating extrachromosomas! replication and partitioning of
the reprogramming vector, and iv) a regulated promoter system; (b) culturing the first cell
population to effect expression of the reprogramming factors and/or synthetic transcription
factors to produce a second cell population having traits consistent with embryonic stem
cells, wherein during culture of the first cell population the reprogrammming vector is
replicated; and {(c} culturing the second cell population whersin the gene regulating
extrachromosomal replication and partitioning of the reprogramming vector is regulated such
that the reprogramming veotor is lost during cell division, to produce iPSCs that are

essentially free of the reprogramming vector.

[8088] In additional embodiments, the invention provides methods of producing induced
human pluripotent stem cells (iPSCs) that are sssentially free of episomal reprogramming
vector(s}, comprising: {a} introducing episomal reprogramming vector(s) into a somatic cell
to produce a first cell population, wherein the episomal reprogramming vector comprises (i)
an OriP replication origin, (i) an expression cassetie encoding an iPSC reprogramming factor
and/or synthetic transcription factor, i) a polynuclectide encoding EBNA-1 of EBV, &
derivative of EBNA-1 that has a deletion of residuss 65 to 8% of EBNA-L, g derivative of
EBNA-1 that has g deletion of residues 90 to 328 of EBNA-L, or a derivative of EBNA-] that
has & deletion of residues 65 to 328 of EBNA-{, and {iv) a tetracycling or tetracycline
derivative regulated promoter system (TetOn or TetOH); (b) culturing the first cell population
o produce a second csll population having traiis consistent with embryonic stem cells,
wherein during culturing the episomal reprogramming vector is replicated; () culturing the
second cell population to produce 8 third cell population, wherein during culturing the
episomal reprogramming vector is not replicated; (d) selecting colonies from the third celi
population to produce a fourth cell population; and {g) culturing the fourth cell population to

producs IPSCs that are essentially free of the episomal reprogramming vestor,

[G810]  In additional embodiments, the invention provides methods of producing induced

human pluripotent stem cells {(iPSCs) that are essentially free of reprogramming vector(s),
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comprising: {a} introducing a reprogramming vector(s) into a somatic cell to produce a first
cell population, wherein the reprogramming vector comprises i) 8 viral origin of replication,
ii} an oxpression cassette encoding iPSC reprogramming factor{s) andlor synthetic
transcription factor(s), iii) a gene regulating extrachromosomal replication and partitioning of
the reprogramming vector, iv) a regulated promoter system, and v) a suicide gene; (b}
culturing the first cell population to effect expression of the reprogramming factor andlor
synthetic transcription factor to produce a second cell population having traits consistent with
embryonic stem cells, wherein during culture the reprogramming vector is replicated; (0}
culturing the sccond cell population wherein the gens regulating extrachromosomal
replication and partitioning is regulated such that the reprogramming vector is lost during cell
division, to producs a third cell population comprising IPSCs that are substantially free of the
reprogramming factor; and (d} contacting the third cell population with a suicide gene

substrate to produce iPSCs that are essentially free of the reprogramming vector.

{0811} {n additional embodiments, the invention provides methods of producing inducsd
human pluripotent stem cells {(iPSCs) that are essentially free of episomal reprogramming
vectar(s), comprising: {a) introducing episomal reprogramming vector(s} into a somatic cell
to produce a first cell population, wherein the episomal reprogramming vector comprises (i)
an OriP replication origin, (if) an expression cassetle encoding an iPSC reprogramming factor
andfor synthetic transcription facter, iil} a polynucleotide encoding EBNA-1 of EBY, &
derivative of EBNA-1 that has a deletion of residuss 65 to 89 of EBNA-L, 2 derivative of
HBNA-1 that has a deletion of residues 90 to 328 of EHNA-1, or a derivative of EBNA- that
has a deletion of residues 63 to 328 of EBNA-L, (iv) a tetracyeline or tetracyeline derivative
regulated promoter system {TeiOn or TetOff}, and v} a thymidine Kinase or cyiosine
deaminase suicide gene; (b} culturing the first cell population to effect expression of the
reprogramming factors o produce a second cell population having traiis consistent with
embryonic stem cells, wherein during culturing the episomal reprogramming vector is
replicated; (¢} culturing the second cell populstion to produce a third cell populstion
comprising IFSCs that are substantislly free of the episomal reprogramming vector, wherein
during culturing of the second cell population, the episomal reprogramming vector is not
replicated; and (d) contacting the third csll population with a suicide gene substrate to

produce iPSCs that are essentially free of the episomal reprogramming vector.
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{8312} in embodiments, the invention provides an episomal reprogramming vector
comprising: (a} an OriP origin of replication; (b} an expression cassetie encoding an iPSC
reprogramming factor andfor synthetic transcription factor; {€) a polynuclestide molecule
gncoding EBMNA-1 of EBV, a derivative of EBNA-] that has g deletion of residues 65 to §% of
EBNA-1, a derivative of EBNA-1 that has a deletion of residues 90 (5 328 of EBNA-1, ora
derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-1; and (d} a sulcide

gens,

{0813} in additional embodiments, the invention provides an episomal reprogramming
vector comprising: (2} an OriP origin of replication; (b) an expression cassette encoding an
iPSC reprogramming factor andfor synthetic transcription factor; {¢} & polynucleotide
molecule encoding EBRNA-1 of BBV, a derivative of EBNA-1 that has a deletion of residues
85 to 89 of EBNA-L, a derivative of EBNA-] that has a deletion of residues 90 10 328 of
EBNA-L, or a derivative of EBNA-] that has a deletion of residues §5-328 of EBNA-1; and

{d} a thymidine kinase or cytosine deaminase suicide gene.

{0814]  The invention further provides, in embodiments, an episomal reprogramming
vector comprising: {a} an OriP origin of replication; (b} an expression cassette encoding an
iPSC reprogramming factor andfor synthetic transcription factor; {¢} a polynucleotide
molecule encoding EBNA-1 of EBV, a derivative of EBNA-T that has a deletion of residues
63 o 89 of EBNA-L, a derivative of EBNA- that has a deletion of residues 90 1o 328 of
EBNA-1, or a derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-1; and

{d} a regulnted promoter system.

{0815] In embodiments, the invention additionally provides an episomal reprogramming
vector comprising: {a) an OriP origin of replication; (b) an expression cagseite encoding an
IPSC reprogramming factor andfor synthetic transcription factor; (8} a polynucleotids
molecule encoding EBNA-1 of EBV, a derivative of EBNA-1 that has 2 deletion of residues
63 to 89 of EBNA-1, a derivative of EBNA-] that has a deletion of residues 90 to 328 of
EBNA-L, or a derivative of EBRNA-1 that has a deletion of residues 65-328 of ERNA-I; and
{d} a TetOn or TetOff system,

[8016] In embodiments, the invention additionally provides an episomal reprogramming
veclor comprising: (a) an OriP origin of replication; {b) an expression cassette encoding an

iPSC reprogramming facior and/or synthetic wanscription factor; {¢) & polynucleotide



WO 2017/123789 PCT/US2017/013229

molecule encoding EBNA-1 of EBY, a derivative of EBNA-1 that has a deletion of residues
&3 to §9 of EBNA-1, a derivative of EBNA-1 that has g deletion of residues 9 to 328 of
EBNA-1, or a derivative of ERNA-1 that has a deletion of residues 63-328 of EBNA-I; {d) a
TetOn or TetOff systens; and (&) a suicide gene.

{0817} In embodiments, the invention additionally provides an episomal reprogramming
veetor comprising: {a) an OriP origin of replication; (b) an expression cassette encoding an
iPSC reprogramming factor and/or synthetic transcription factor; (¢} a polynuclentide
molecule encoding EBNA-1 of EBVY, a derivative of EBNA-] that has a deletion of residues
&5 1o 89 of EBNA-L, a derivative of EBNA-1 that has a deletion of residuss 90 to 328 of
EBNA-~L, or a derivative of EBNA-1 that has a deletion of residuss 63-328 of EBNA-1; {d) 2

TetOn or TetOff system; and (e} a thymidine kinase or cytosine deaminase suleide gene.
BRIEF DESCRIPTION OF THE DRAWINGS

{0018]  For the purpose of illustrating the invention, there are depicied in the drawings
certain embodiments of the invention. However, the invention is not limited to the precise

arrangements and instrumentalities of the embodiments depicted in the drawings.
{0019 Figure I depicts the procedure of iPSC colonies expansion and analysis,
DETAILED DESCRIPTION OF THE INVENTION
® Definitions

oz Uniess defined otherwise, all technical and scientific terms used hereln have their
common meaning a5 understood by one of ordinary skill in the art to which this Invention is

related.

[8621]  Before describing the present invention in detail, it is to be understood that this
invention is not limited to specific compositions or process steps, as such can vary. As used
in this specification and the appended claims, the singular forms *g", "an” and “the” include
plural referents unless the context clearly dictates otherwise, The terms "8” {or "an™), as well

as the terms “one or more,” and “at least one” can be used interchangeably herein.

{8022} Furthermore, "and/or” where used herein is to be taken as specific disclosure of

each of the two specified features or components with or without the other, Thus, the term
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“andfor” as used In & phrase such as A andfor B® herein s intended 1o include "A and B," A
ar B, "A" {alone) and "B” (alone). Likewise, the term "andior® as used in a phrase such a3
*A&, B, sndfor T is intended to encompass sach of the following embodiments: A, B, and O
ABoCAaAuCAuD BorC AendC Aand B; Band C; A (nlone); B {alonek and C
{alone).

{60237  Throughout the present disclosure, all expressions of percentage, ratio, and the
like are "by weight” unless otherwise indicated. As used herein, "by weight” is synonymous
with the term "by mass,” and indicates that & ratio or percentage defined herein is done

according to weight rather than volume, thickness, or some other measure,

0634]  The term "abowt” is used herein to mean spproximately, in the region of, roughly,
or around. When the term "sbout” is used in conjunction with a numerical range, it modifiss
that range by extending the boundaries above and below the numerical values set forth, In
general, the term "about” is used herein to modify & mumerical value above and below the

stated value by a variance of 1%,

G825} Units, prefixes, and symbols are denoted in their Systéme International de Unites
{81} accepted form. Numeric rangss are inclusive of the numbers defining the range. Unless
otherwise indicated, amino acid sequences are written lefl to sight in smino to carboxy
orientation. The headings provided herein are not limitations of the various sspects or
embodiments of the invention, which can be had by reference to the specification as g whole,
Accordingly, the terms defined immedistely below are more fully defined by reference to the

specification in is entirety.

{0426} it is understood that wherever embodiments are described hersin with the
language "comprising,” otherwise analogous embodiments desoribed in terms of "consisting

of" andfor "consisting ossentially of" are also provided.

027 Aming acids are referred 0 herein by sither thelr commonly known three letter
symbols or by the one-siter symbols recommended by the IUPACIUR Biochemicsl
Nomenclature Commission.  Nuclectides, likewise, are referred to by thelr conunonly

aceepted single-letter codes.

8628} "Reprogramuming” is the conversion of one specific cell type t© another. For

example, regramming is the conversion of a somatic cell type, such as a fbroblast, to a
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pluripotent cell type, A cell is reprogrammed if, after sufficient proliferstion, » messurable
proportion of cells subjected to reprogramming (progeny) have phenotypic characteristics of
a new cell type than before reprogramming. Under certain conditions, the proportion of
progeny with characteristics of the new cell type may be at least about 0.05%, 0.1%, 0.2%,

§.5%5, 190, 59%, 25% or more.

LRI, A "vector” or "construct” {sometimes referred o as gene delivery or gene transfer
*yehicle™} refers to a macromolecule or complex of molecules comprising a polynucleotide to
be delivered to a host cell, either in vitro or in vivo. A vector can be a linear or a circular

molecule.

{8038} "Episomal vector” refers to 8 vector {defined above) that replicates independently

of the chromosomal DMNA in the cell where the vegtor resides.

{08311 A "plasmid”, a common type of vector, is an extra~-chromosomal DNA molecule
separate from the chromosomal DNA which capable of replicating independently of the
chromosomal DNA in a compatible cell. For example, cerain plasmids, such as pUC,
replicate independently in hacteria, but do not do so in mammalian cells. In certain cases, it is

gircular and double-sirandad.

{0032]  An “origin of replication” ("ori"} or “replication origin® is a DNA sequence
involved in DNA replication. Commonly these are derived from bacteria or viruses, sach
with distinct features. A bacterial ‘ori” is required for DMA replication in bacterial cells. All
common plasmids/vectors will contaln such a region {often derived from pUC vectors) to
allow efficient propagation. A viral ‘ori’, e.g., from s lymphotrophic herpes virus, functions
to sllow replication in mammalian cells, When present, and with presence of the appropriate
tethering protein {e.g. EBNA-1}, a cell is capable of maintaining the vector at a site at or near
where DMNA synthesis initiates, resulting in DNA replication and pantitioning during cell
division. An ori for EBY includes FR sequences (20 imperfect copies of a 30 bp repeat), and
preferably DS sequences. However, other sites in EBV bind EBNA-1, e.g., Rep* sequences
can substitute for DS as an origin of replication. Thus, a replication origin of EBV includes
FR, D5 or Rep* sequences or any functionally squivalent sequences through nucleic scid
modifications or synthetic combination derived therefrom. For example, the present invention
may also use genetically enginesred replication origin of EBV, such as by insertion or

mutation of individual elements,
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{00331 The term "OriP" refers to the region of the Epstein-Barr virus chromosome that

suppaorts the replication and stable maintenance of plasmids in human cells.

{0034] A "lymphotrophic” herpes virus is a herpes virus that replicates in a lymphoblast
{e.g. 2 human B lymphoblast) or other cell types and replicates exira-chromosomally for at
feast a part of its natursl life-cycle, After infecting & host, these viruses latently infect the host
by maintaining the viral genome as a plasmid. Exemplary lymphotropic herpes viruses
include, but are not limited to Epsteln Barr virus (EBV), Kaposi's sarcoma herpes virus
{K8HV), Herpes virus saimiel {(HS) and Marek's disease virus (MDV).

[6835] A "template” as used herein is a DNA molecule which is specifically bound by a
wild-type protein of a lymphotrophic herpes virus, which wild-type protein corresponds to
EBNA-1, as a result of the presence in that template of 8 DNA sequence which is bound by
the wild-type protein with an affinity that is at least 10% that of the binding of a DNA
sequence corresponding (o OriP of EBV by the wild-type protein and from which template
transcription is optionally initiated andior enhanced afler the protein binds andfor the
maintenance of which template in a cell is enhanced. An "integrated template” is one which is
stably maintained in the genome of the cell, e.g., integrated into a chromosome of thar cell.
An "extra-chromosomal template” is one which is maintained stably maintained in a cell but

which is not integrated into the chromosome,

[0036] The term  “control elements” refers collectively o promoter regions,
polyadenylation signals, transcription termination sequences, upstream regulatory domains,
origins of replication, internal ribosome entry sites ("IRES"}, enhancers, splice junctions, and
the like, which collectively provide for the replication, transcription, post-transeriptional
processing and translation of s coding sequence in a recipient cell. Not all of these control
clements need always be present so long as the selected coding sequence is capable of being

replicated, transcribed and translated in an appropriate host cell.

{8037} The term "promoter” is used herein In s ordinary sense to refer to a nuclestide
region comprising a DNA regulstory sequence, wherein the regulatory sequence is derived
from a gene which is capable of binding RMA polymerase and initiating transcription of a

downstream (3' direction) coding sequence.

[0038]  As used herein, the term “somatic cell™ refers to any cell other than germ cells,

such as an egg, a sperm, or the like, which does not directly transfer its DNA to the next
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generation. Typically, somatic cells have limited or no pluripotency. Somatic cells used
herein may be naturally-ocourring or genetically modified.  Examples of somatic cells
mclude mononuclear cells, such as peripheral blood mononuclear cells, fibroblasts,

keratinocytes, hematopodtic cells, mesenchymal cells, Hver cells, stomach cells and f cells

0838 Celis are "substantially free” of episomal reprogramming vectors and exogenous
genetic elements {e.g., substantially free of reprogramming vector genetic elements), as used
herein, when they have less that 10% of the element(s), and are “essentially free® of episomal
reprogramiming  vectors and  exogenous genetic slements {e.g., essentially free of
reprogranuning vector genetic clements) when they have less than 196 of the element{s}.
However, even more desirable are cell populations wherein less than 0.5% or less than 0.1%
of the total cell population comprise exogenous genstic elements, Thus, iPS cell populations
wherein less than £.1% to 10% (including all intermediate percentages) of the cells of the

population comprises undesirable exogenous genetic elements.

[8648] By "enhancer” is meant 3 nucleic acid ssquence that, when positioned proximate
o a promoter, confers increased transcription sctivity relative to the transcription activity

resulting from the promoter in the absence of the enhancer domain.

{041 By "expression construct® or “expression cassetie” is meant a nuecleic acid
molecule that is capable of directing transcription. An expression construct includes, at the
least, & promoter or 8 structure functionally squivalent to a promoter. Additional elements,

such as an enhancer, and/or a transcription termination signal, may also be included.

{8042) The term "exogenous,” when used in relation to a protein, geng, nucleie acid, or
polynuclectide in a cell or organism refers to a protein, gene, nucleic acid, or polynuclestids
that has been introduced into the cell or organiem by artificial or natural means. In
relationship to a cell, the term "exogenous” refers to a cell that was isolated and subsequently
introduced o other cells or into an organism by artificial or natural means. An exogenous
nucleic acid may be from a different organism or cell, or it may be one or more additional
copies of 3 nucleic acid which ocours naturally within the organism or cell. An exogenous
cell may be from a different organism, or it may be from the same organism. By way of a
non-limiting example, an exogenous nucleic acid is in a chromosomal location different fom
that of natural cells, or is otherwise flanked by a different nucleic acld sequence than that

found in nature,
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{0843]  The tenm "passaging” refers to the process of subculturing cells by transferring
some or sl of the cells from a previous cullure 1o a new substrate, e.g., 8 new vessel, with

fresh growth mediom.

{8044]  The term "suicide gene” is 2 nuclectide encoding 2 protein that, converts a non-
toxic compound to a toxic form. Examples of suicide genes include the herpes shmplex virus
thymidine kinase/ganciclovir system, the cytosine deaminase/5-FU gystem, and the carboxyl
ssterasefivinotecan system, Often suicide genes are constitutively expressed, such that cellular
toxicity results when the appropriate substrate is provided. The “suicide gene substrate” is the

non-toxic compound that the suicide gene converts into 8 toxic form.

{6048]  The term “corresponds 0" means that a polynucleotide sequence is homologous
{i.e,, is identical, not swictly evolutionarily related) to all or a portion of & reference
polynucleotide sequence, or that a polypeptide sequence is identical to a reference
polypeptide sequence. The term "complementary 0" is used herein 0 mean that the
complementary sequence is homologous to all or 2 portion of a reference polynucleotide
sequence. For illustration, the nucleotide sequence "TATACY corresponds to a reference

sequance "TATACY and is complementary to » reference sequence "GTATA”,

{0046} A "gene,” "polynuclestide,” "eoding region,” “sequence,” "segment,” "fagment,”
or “transgene” that "encodes” a particular protein, s a nucleic acid molecule which is
transcribed and optionally also translated into a gene product, e.g., & polypeptide, in vio or
in vive when placed under the control of appropriate regulatory sequences. The coding region
may be present in either a cDNA, genomic DINA, or RNA form. When present in 2 DNA
form, the nucleie scid molecule may be single-siranded {(i.e., the sense strand) or double-
strangded, The boundaries of a coding reglon are determined by a start codon at the ¥ {aming)
terminus and a translation stop codon st the 3 (carboxy) terminus, A gene can include, but is
not Hmited to, cDNA from prokaryotic or eukaryotic mRMNA, genomic DNA sequences from
prokaryotic or eukaryotic DNA, and synthetic DNA sequences. A iranscription termination

sequence will usually be located 3' 10 the gene sequence.

{88477  The term "cell™ is hereln used in s broadest sense in the art and refers to a living
body which is a structural unit of tssue of a multicellular organism, is surrounded by a
membrane structure which isolates it from the putside, has the capability of self replicating,

and has genetic information and a2 mechanism for expressing it Cells used herein may be
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naturally-occurring cells or artificially modified cells {e.g., fusion cells, genetically modified

sells, ete).
{3048]  The term "cell population” as used herein encompasses a group of clonal cells.

{00481 As used berein, the term "stem cell” refers to a cell capable of self replication and
pluripotency. Typleally, stem cells can regenerate an injured tissue. Stem cells herein may be,
but are not Hmited to, embryonic stem (ES) cells or tissue stem cells {also called tissue-
specific stem cell, or somatic stem cell). Any artificially produced cell which can have the
above-described abilites {s.g., fusion cells, reprogrammed cells, or the like used herein) may

be a stem cell,

{8850} "Embryonic stem (ES) cells" are pluripotent stem cells derived from early
embryos. An ES cell was first established in 1981, which has also been applied to production
of knockout mice since 1989, In 1998, a human ES cell was established, which is currently

becoming available for regensrative medicine.

[#51]  Unlike ES cells, tissue stem cells have = limited differentiation potential. Tissue
stem oells are present at particular locations in tissues and have an undifferentiated
intracelular structure, Therefore, the pluripotency of tissue stem cells is typically low. Tissue
stem cells have a higher nucleusfcyioplasm ratio and have few intracellular organelies. Most
tissue stem cells have low pluripotency, a long cell cyele, and proliferative ability beyond the
life of the individual, Tissue stem cells are separated into categories, based on the sites from
which the cells are derived, such as the dermal system, the digsstive system, the bone marmrow
sysiem, the nervous system, and the like. Tissue stem cells in the dermal system include
epidermal stem cells, halr follicle stem cells, and the ke, Tissue stem cells in the digestive
systemn include pancreatic {common)} stem cells, liver stem cells, and the like. Tissue stem
cells in the bone marrow system include hemstopoistic stem cells, mesenchymal stem cells,
and the like. Tissue stem cells in the nervous system Include neural stem cells, retingl stem

cells, and the like,

Bas52} “Induced pluripotent stem cells,” commonly abbreviated as 1PS cells or IPSCs, are
cells that have been antificially genctically reprogrammed to an smbryonic stem celllike state
by expressing genes and factors for maintaining the defining properties of embryonic stem
cells. iPSCs are derived from non-pluripotent cell, typically an adult somatic cell, or

terminally differentiated cell, such as fibroblast, a hematopoistic cell, 2 myocyts, 8 neuron, an
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epidermal cell, or the like, by introducing certain factors, referved fo as reprogramming
factors. Synthetic transcription factors are non-naturally ocourring reprogramming factors
that can be introduced into somatic cells (o reprogram the cells into an embryonic stem celb
fike state.

[8053] "Pluripotency” refers to the ability of a csli to differentiate into cells derived from
any of the three germ layers: endoderm (interior stomach lining, gastrointestinal tract, the
lungs), mesoderm {muscle, bone, blood, urogenital), or ectoderm {epidermal tissues and
nervous system). "Pluripotent stem cells” used herein refer 1o cells that can differentiate into

cells derived from any of the three germ layers.

B854} By "operably linked” with reference to nucleic scid molecules is meant that two or
more nucleic acid molecules {e.g., a nucleic acid molecule to be transeribed, a promoter, and
an enhancer element} are connected in such & way as to permit transeription of the nuclelc
acid molecule. "Operably linked” with reference to peptide andfor polypeptide molecules is
meant that two or more peptide andfor polypeptide molecules are connected in such 2 way as
io yield a single polypeptide chain, Le., a fusion polypeptide, having at least one property of
cach peptide and/or polypeptide component of the fusion. The fusion polypeptide is

particularly chimerie, i.e., composed of heterologous molecules,

{0855] "Homology” refers to the percent of identity between two polynucleotides or two
polypeptides. The correspondence between one sequence and to another can be determined
by techniques known in the art. For example, homology can be determined by a direct
comparison of the sequence information between two polypeptide molecules by aligning the
sequence information and using readily aveileble compuier programs. Altematively,
homology can be determined by hybridization of polynucleotides under conditions which
form stable duplexes betwsen homologous regions, followed by digestion with single strand-
specific nuclease{s}, and size determination of the digested fragments. Two DNA, or two
polypeptide, sequences are "substantislly homologous™ to each other when at least about
80%, particularly at least about 90%, snd most particularly at least about 95% of the
nuclectides, or amino acids, respectively maich over a defined length of the molecules, as

determined using the methods above.

® Overview
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[8886] In the process of cellular reprogramming by non-integrating episomal vectors,
gquantitative measures typically have been necessary to ensure that the iPSC lines are vector-
free. Current methods for generating vector-free iPSCs, include using DNA-mediated
reprogramming, and involves picking multiple numbers of IPSC colonies from a PO plate and
expanding them o a point that there are enough cells to apply guantitative vecior detection
followed by further cultivation until the vector is cleared. While vector-free coloniss could
potentially be identified at passage 3, most of the iPSC clones refain the vector at passage 10
and higher. Cultivation for this length of time has serious implications on labor requirements,
timelines and cost when carried out as part of an indusirial process. In embodiments, the
mvention provides two different approaches to promote more rapid vector clearance: §)
temporal regulation of vector retention post-reprogramming, and ii) incorporation of a suicide

gene on reprogramiming vector(s) to select for growth of vector-free colonies.

{BO8T] in embodiments, the pressnt invention provides methods of generating exogenous
DNA-free IPSCs for cell therapy by modifyving the vectors, including episomal vectors that
are used to deliver the reprogramming factors andfor synthetie transcription factors by (1)
adding a suicide genc lo the episomal vector, or {2) replacing constitutive EBRMA-1
gxpression casseties present on vectors with a regulated expression cassette on ons or mors
vectors, where EBNA-1 expression is controlled via a regulated promoter system. Thess

approaches could be used individually or in combination,

{B038] in embodiments, the invention provides numerous advantages, including (1}
reducing the number of culture passages required before identifying vector-free IPSCs, (1)
reducing the number of colonies needed to be picked and maintained before identifying
vector-free IPSCs, (3} the ability to harvest IPSC colonies as a “pool”, instead of manually

picking individual colonies, and (4) overall labor, time and cost savings.
& Suicide Genes

B0sY} Suicide genes are responsible for the conversion of non-foxic compounds to toxic
forms, They can therefore be placed on expression vectors (o serve a5 a negative selection for
vector retention by adding the non-toxic suicide gene subsirale at the appropriate time.
Potential suicide genes which could be added to the episomal vector(s) include thymidine

kinase and cytosine deaminase. The expression of these genes would be controlled by 2
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constitutive promoter. Cell death would be induced only after adding their respective

substrates, Ganciclovir (GNC} or 5-Flurocytosine (5-FC), directly to the culture medium.

{00681 Provision of the suicide pene substrate post-reprogramming (before colony
picking or shortly after) will lead to cell death of IPSC colonies that retain the vector(s). Live
colonies are those that bave lost the vector(s) and therefore can be futher picked and
expanded. A scresning assay provides an indication as to which iPSC colonies are promising
for future expansion, banking and differentiation, without investing resources on expansion
of non-vector-free iIPSCs. Likewise, applying this strategy to select for iPSC colonies that are
vector-free, enables harvesting of iPSCUs as 8 “pool” without the nesd for manual picking of
single colonies, and reduces the lag phase of cultivation before a robust cell lne is
established. Harvesting a pool of iPSCs shoriens the time to achieve full characterization and
banking, and additionally provides a diverse iPSC pool that increases the probability of

efficient cell differentiation for downstream cell therapy applications.

8081} Vector clearance Kinetics may dictate colony plcking even with the suicide gene
approach, in the case that emerged IPSCs in the PO plate still retain the vector at the time of
adding the suicide gene substrate. Nevertheless, the suicide gene substrate could be provided
in a ‘replica’ plate afler picking, at P! for example, {o identify the vector-free iPSC clones

without the need to carry out resource intensive gPCR screening.

[0862] The invention therefore provides methods of of producing induced human
pluripotent stem cells {iPSCs) that ars essentially free of reprogramming vector(s),
comprising: {a} introducing the reprogramming vector{s) info & human somatic cell to
produce a first cell population, wherein the reprogramming vector(s) comprises an a viral
origin of replication, an expression cassette encoding ut least one iFSC reprogramming factor
andfor synthetic transcription factor, and a suicide gene; (b) culturing the first cell population
to effect expression of the reprogramming factor(s) and/or synthetic transcription factor o
produce a second cslf population having trails consistent with embryonic stem cells; and (¢}
contacting the second cell populstion with a suicide gene substrate to produce a cell
population that is essentially free of reprogramming vector(s). In embodiments, the suivide

gene is selecied from the group consisting of thymidine kinase and cytosine deaminase,

G863} In embodiments of the methods that use a suicide gene lo increase the efficiency

of iPSC generation, afler the episomal reprogramming vector(s) is introduced into the cell,
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the cells are cultured for a sufficiently long to allow the somatic cells to convert to iPSCs,
i.e,, cultured {o effect expression of the reprogramming factors to produce a cell population
having traits consistent with embryonic cells.  In embodiments, the cells that have traits
consistent with embryonic cells are subcultured. In embodiments, afler subculture, the cells
are further passaged before the suicide gene substrate is provided (GNC or 5-FC, for
example}. In additional embodiments, after subculture, the cells are not passaged before the

suicide gene substrate is provided.

[B8ad] in embodiments, for use in the methods of the invention that use a suicide gene to
increase efficiency of iPSC creation, the origin of replication is OriP. In further embodiments,
the origin of replication is OriP and the expression cassette comprises 2 polynuclectide
encoding EBNA-1 of EBV, or a derivative of EBNA-1 that has a deletion of residues 65 1o §9
of EBNA-1, residues 90 to 328 of EBNA-1, or hoth.

[6065] in embodiments, the methods of the invention that use 2 suicide gene to increase
efficiency of IPSC creation further include screening the cell population for the presence of
the episomal reprogramming vector. Such screening can ocour at any step in the method afler
the episomal reprogramming vector has been introduced into the somatic cells. In
gmbodiments, the cells are screened following provision of the suicide gene substrate.
Screening methods are known o those skilled in the art and incude, but are not limited to
gPCR vector detection assay. In embodiments, the cells in the cell population following
suicide gene substrate provision that still contain an episomal reprogramming vecior are not

further cultursd,

[0866]  The methods of the invention further comprise producing induced human
pluripotent stem cells (iPSTCs) thet are essentially free of episomal reprogramming vector(s),
comprising: {a) introducing an episomal reprogramming veclor(s) inte 3 somatic csll to
produce & first cell population, wherein the episomal reprogramming vector(s) comprises (i)
an OriP replication origin, (i) an expression cassetie encoding an iIPSC reprogramming
factor and/or synthetic transcription factor, (i) a polynuclestide encoding EBNA-1 of EBY,
a derivative of EBNA-I that has a deletion of residucs 65 to 89 of EBNA-1, z derivative of
EBNA-1 that has a deletion of residues 50 to 328 of EBMNA-1, or a derivative of EBNA-1 that
has a deletion of residues 65-328 of EBNA-L, and {iv) & thymidine kinase or cytosine
desminase suicide gene; (b) cubturing the first cell population to effect expression of the

reprogramming factor and/or symthetic transcription factor to produce a second celf
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population having tralts consistent with embryonic stem cells; {¢) contacting the second cell
population with a suicide gene subsirate to produce IPSCs that are essentially free of an
episomal reprogramming vector. A description of EBNA-1 and derivatives is found in
Levitskaya ot al, Nonwe 375685 (1995), Levitskaya et al, Proc. Nail dead Sei. US4
84:12616-126821 {1997} and Yin, Sciemce 307:1371-1374 (2003), each of which is

incorporated herein by reference in its entirely,

{88678 In embodiments, the somatic cell for use in the methods of the invention that use s
suicide gene to increase efficiency of IPSC creation include mononuclear cells, including
human peripheral blood mononuclear cells, fibroblasts, keratinocytes, hematopoietic calls,
mesenchymal cells, Hver cells, stomach cells andfor 8 celis. In embodiments, the somatic cell
for use in the methods of the invention that use a suicide gene to increase efficiency of IPSC

creation are human peripheral blood mononuelesr cslls.

6068} In embodiments, the reprogramming factors for use in the methods of the
invention that use a suivide gene to increase efficiency of IPSC creation include Sox-2, Oet-d,
Nanog, KLF4, oMVYC, Lin-28, andior pS3DD. In additional embodiments, the iPSC
reprogramming factors comprise Sox-2 and Oct-4. In embodiments, the iPSC reprogramming
factors gre Sox-2, Oct-4 and Nanog. In embodiments, the iPSC reprogramming factors are
Sox-2, Oct-4, and one or more of KLF4, ¢MYC, Lin-28 and p53DD. In embodiments, the
iPSC reprogramming factors are Sox-2, Oct-4, KLFY, oMY, Lin-28 and pS3DD.

[8069] In embodiments, when using the suicide gene approach alone to promote vector
clearance, the sppropriate substrate is added o the PO plate, 4-3 davs before colonies are
picked. This will select for survival of vector-free colonies. A gPCR vector detection
screening assay provides further verification as to which of the surviving iPSC colonies are
promising for future expansion, banking and differentiation. As mentioned above, depending
on veetor clearance kineties, it may be necessary to shifl back suicide gene subsirate addition

i later passages.
ss Regulated expression of EBNA-1

{0878] EBNA-1 is a viral protein which is involved in binding to a region termed OriP
found in episomal reprogramming vectors and promoting tethering to chromosomal DNA
during cell division. This results in increased plasmid maintenance following transfection.

While this is beneficial in order to achieve high-level expression of reprogramming factors
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and/or synthetic transcription factors initially, i resulis in slow plasmid loss once

reprogramming has ocourred.

{0871} In embodiments, the nvention provided hercin regulates EBNA-T either by
repressing s transcription post-reprogranuming {(for example by using the tetracycline
repressible {TetOff)) or by using an inducible system which is only activated until
reprogramming has occurred (for example, tetracycline inducible {TetQOn)). Altemative
approaches also exist for controlling EBNA-T expression (for example, an inducible antisense
or interfering RMNA to EBMNA-I could be expressed once reprogramming has occurred.
Inducing agents such as doxyeycline {Dox) (for Tet system) are available and compatible
with current iPSC generation processes. These approaches reduce partitioning of plasmids
during cell division and hence reduce the number of passages required to generate vector free

pell Hnes,

{06733 In embodiments, the invention provides methods of producing induced human
pluripotent stem cells (IPSCs) that are essentially free of reprogramming vector(s),
comprising: {a} introducing a reprogranuning vector(s} into a somatic cell to produce a first
celt population, whereln the reprogramming vestor comprises i} a viral origin of replication,
i} an expression cassefte encoding iPSC reprogramming factor(s) andfor synthetic
transcription {actor{s}, i} 8 gene regulating exirachromosomal replication and partitioning of
the reprogramming vector, and iv) a regulated promoter system; (&) culturing the first cell
population to effect expression of the reprogramming factors andfor synthetic transcription
factors to produce a second cell population having traits consistent with embryonic stem
cells, wherein during culture of the first cell population the reprogramming vector is
replicated; and (¢} cultwring the second cell population wherein the gene regulating
extrachromosomal replication and partitioning of the reprogramming vector is regulated such
that the reprogramming vector is lost during cell division, to produce iPSCs that are

essentially free of the reprogramming vector,

{8073} In embodiments, the methods of the invention for regulating extrachromosomal
replication and partitioning utilizes a tetracyclineg or tetracyeline derivative activated system,
e.g., a TetOn or TetOff sysiem. In embodiments, when a TetOn system s used, tetracyeling,
or a letracycline derivative such as doxveycline, is present while the iransfected cell

population is cultured to up regulate EBNA-] expression. The cell population is then
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cultured in the absence of tetracycling, or a derivative, to reduce the expression of ERNA-1

and thus substantially reduce replication and partitioning of the episomal vector.

{0074]  In embodiments, the methods of the invention for regulating extrachromosomal
replication and partitioning utilize a TetOff system. In a TetOff system, tetracycline, or a
tetracycling derivative such as doxycycline, is not present while the transfected cslil
population is cultured to up regulate EBNA-I expression. The cell population is then cultured
in the presence of tetracycline, or a derivative, to down regulate the expression of EBNA-1

and thus substantially reduce replication and partitioning of the episomal vestor,

{8875 In embodiments, the methods of the invention regulating extrachromosomal
replication and partitioning utilize an OriP origin of replication. In further embodiments, the
origin of replication iz OriP and the expression cassette comprises a polynucleotide encoding
EBNA-1 of EBY, or a derivative of EBNA-I that has a deletion of residues 65 to 8% of
EBNA-1, residues 90 1o 328 of EBNA-, or both,

{88763 fn embodiments, in the methods of the invention regulating extrachromosomal
replication and partitioning, further includs sereening the cell population for the presence of
the episomal reprogramming vector. Such scraening can oocur at any step in the method after
the episomal reprogramming vector has been introduced into the somatic cells. In
smbodiments, the cells are screened following activation of the sulcide gene, Screening
methods are known to those skilled in the art and fncude, but are not Hmited to gPCR vector

detection assay.

{B677) In embodiments of the methods regulsting extrachromosomal replication and
partitioning, afler the episomal reprogramming vector is introduced into the cell, and the cells
are culiured for a sufficiently long to allow the somatic cells to convert to IPSCs, Le., cultured
o effect expression of the reprogramming factors and/or synthetic transcription factors to
produce a cell population having traits consisient with embryonie cells, the cells that have
traits consistent with embryonic cells are subcultured. In embodiments, after subeuliure, the
cells are further passaged before the cell population is cultured to produce iPSCs that are
essentially free of the episomal reprogramming vector. In additional embodiments, after
subculture, the cells are not passaged before culturing, wherein during culture, the episomal

reprogramming vector is not replicated.
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{0078]  The invention further provides methods of producing induced human pluripotent
stem cells (iPSCs) that are essentially free of episomal reprogramming vector{s}, comprising:
{a} introducing spisomal reprogramming vector(s) into a somatic cell to produce a first cell
population, wherein the episomal reprogramming vector comprises (i} an OniP replication
origin, (i1} an expression cassetts encoding an iPSC reprogramming factor and/or synthetic
transcription factor, i} a polynuclectide encoding EBNA-] of BBV, a derivative of EBNA-}
that has a delstion of residues 65 to 89 of EBNA-L, a derivative of ERNA-1 that has a
deletion of residuss 9¢ {0 328 of EBNA-{, or 8 derivative of EBNA-1 that has s deletion of
residues 65 to 328 of EBNA-1, and (iv} a tetracycline or tetracycling derivative regulated
promoter system (TetOn or TetOfl); (b) culturing the first cell population to produce a second
oell population having traits consistent with embryonic stem cells, wherein during culturing
the episomal reprogramming vector is replicated; (¢) culturing the second cell population to
produce a third cell population, wherein during culturing the episomal reprogramming vector
is not replicated; (d) selecting colonies from the third cell population to produce 3 fourth cell
population; and (&) culturing the fourth cell population to produce IPSCs that are essentially

free of the episomal reprogramming vector.

8879 In embodiments, the methods of the invention regulating exirachromosomsl
replication and partitioning utilize a somatic cell that can be a humsan peripheral blood
mononuclear cells, fibroblasts, keratinocytes, hematopoietic cells, mesenchymal cells, Hver

cells, stomach cells and B calls,

[6080]  In embodiments, the reprogramming factors for use in the methods of the
invention that regulate sxirachromosomal replication and partitioning include Sox-2, Oct-4,
Nanog, KLF4, cMYC, MYCH, Lin-28, andfor pS3DD. In additional embodiments, the iIPSC
reprogramming faclors comprise Sox-2 and Oct-4. In embodiments, the iPSC reprogramming
factors are Sox-2, Oci4 and Nanog. In embodiments, the IPSC reprogramming factors are
Sox-2, Oci-4, and one or more of XLF4, cMYC, Lin-28 and p33DD. In embodiments, the
iPSC reprogramming factors are Sox-2, Oot-4, KLF4, eMYC, Lin-28 and pS3DD.

{0081} In embodiments, when regulating EBNA-1 expression alone to promote vecior
clearance, EBNA-T expression is reduced at a time-point comesponding to the PO plate,
before IPSC colonies are picked. As in the current {PSC generation process, colony picking
is carried out, however, increased numbers of vector-free colonies are identified at sarlier

passage numbers,
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s Combination of Suicide Gene and Regulated Extrachromosomal Replication

and Partioning

[6883]  In embodiments, combining the methods provides additional advantages and
allows beneficial modifications to the experimental approach. Due to the attributes of EBNA-
i-based episomal vectors, providing a suicide gene substrate in the period of post-transfection
{i.e. 20-30 days) results in extensive cell death of iPSC colonies present in the PO plate. This
undesivable effect i3 reduced by reducing EBNA-1 expression in order to promole vector

clearance prior to adding the substrate for the suicide gene,

{0883 A further advantage of combining the methods is that when high reprogramming
sfficiency and high vector clearance asre achieved, iPSC colonies can be picked as a pool,

expediting expansion, banking and characterization.

[6084]  The invention therefore further provides methods of producing induced human
pluripotent stem cells {iPSCs) that sre essentially free of reprogramming veecto(s),
comprising: {8} introducing a reprogramming vector(s} into a somatic cell to produce a first
cell population, wherein the reprogramming vector comprises i} a viral origin of replication,
i) an expression cassetie encoding iPSC reprogramming factor(s) andfor synthetic
transeripiion factor(s), iif) a gene regulating extrachromosomal replication and partitioning of
the reprogramming vector, iv) a regulated promoter sysiem, and v} 2 suicide gene; ()
culturing the first cell population to effect expression of the reprogramming factor andfor
synthetic franscription factor to produce 4 second cell population having traits consistent with
embryonic stem cells, wherein during culture the reprogramming vector is replicated; (o)
culturing the second cell populstion wherein the gene regulating extrachromosomal
replication and partitioning is regulated such that the reprogramming vector is lost during cell
divigion, to produce a third cell population comprising iPSCs that are substantially free of the
reprogramming factor; and (d} contacting the third cell population with a suicide gene

substrate to produce iPSCs that are essentially free of the reprogramming vector.

{3085] in the combination methods of the invention, in embodiments, the suicide gene is

selected from the group consisting of thymidine kinase and cytosine deaminase.

{0086]  In the combination methods of the invention, the origin of replication is OriP. In

sdditional embodiments, the origin of replication is OriP and the expression ecassetie
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comprises a polynuciestide encoding EBNA-1 of EBV, or a derivative of EBNA-1 that has a
deletion of residuss 65 1o 89 of EBNA-1, residues 90 to 328 of ERNA-1, or both.

{0887  In the combination methods of the invention, the gene regulating transcription of
the expression cassette encoding iPSC reprogramming factors and/or synthetic transeription
factors comprises 3 tetracycline or tetracyeline derivative, v.g., doxyoycline, activated system.
in embodiments, doxyoycline is present during culluring of the first cell population to effect
sxpression of the reprogramming factors to produce a cell population having traits consistent
with embryonic stem cells and doxyeycling is absent during culturing to produce iPSCs that
are substantially free of the episomal reprogramming vector, wherein during culture, the
episomal reprogramming vestor is not replicated. In embodiments, the doxycyeline is absent

during the first culturing step, and doxycycline is absent in the second step,

[8088] In the combination methods of the invention, additional embodiments further
include screening the cell population for the presence of the episomal reprogramming vector.
Such screening can occur at any step in the method after the spisomal reprogramming vector
has been introduced into the somatic cells. In embodiments, the cells are soreened following
culturing of the second csll populstion to producs a third cell population comprising IPSCs
that are substantially free of an episomal reprogramming vector, wherein during culture of the
second cell population, the episomal reprogramming vector is not replicated.  In additional
embodiments, the cells are screened following activation of the suicide gene. Screening
methods are known to those skilled in the art and incuds, but are not Himited to gPCR vector
detection assay. In embodiments, afler the second cell population is cultured to produce
iPSCs that are sssentially free of the episomal reprogramming vector, the cell population for

the presence of the episomal reprogramming vector,

{00859} In embodiments of the combination methods of the nvention, afler the episomal
reprogramming vector is introduced into the cell, and the cells are cultured for a sufficiently
long to allow the somatie cells to convert to IPSCs, e, cultured to effect expression of the
reprogranumning factors and/or synthetic transcription factors {o produce a cell population
having traits consistent with embryonic cells, the cells that have irails consistent with
embryonic cells are subcultured. In embodiments, afler subculture, the cells are further
passaged before the cell population is cultured 1o produce IPSCs that are essentially free of an
episomal reprogramming vector. In additional embodiments, after subculture, the cells are

not passaged before culturing, wherein during culiure, the episomal reprogramming vector is



WO 2017/123789 PCT/US2017/013229
23

not replicated. In additional embodiments of the combination methods of the invention, afler
the episomal reprogramming vector is introduced into the cell, the cells are cubtured for a
sufficiently long © allow the somatic cells to convert to iPSCs, Le., cultured o effect
expression of the reprogramming factors and/or synthetic transcription factors to produce 8
cell population having traits consistent with embryonic cells. In embodiments, the cells that
have traiis consistent with embryonic cells are subcultured. In embodiments, afer
subculture, the cells are further passaged before the suicide gene substrate is provided {adding
GNC or 5-FC}, for example. In additional embodiments, after subculture, the cells are not

passaged before the suicide gene subsirate is provided.

{088]  The invention further provides methods of producing induced human pluripotent
stem cells (IPSCs) that are essentially free of episomal reprogramming vector(s), comprising:
{2} introducing episomal reprogramming veetor(s) into a somatic cell to produce a first cell
population, wherein the episomal reprogramming vector comprises {i) an OriP replication
origin, {ii} an expression cassette encoding an iPSC reprogramming factor and/or synthetic
tramscription factor, i} a polynucleotide encoding EBNA-1 of EBY, g derfvative of EBNA-1
that has s deletion of residues 65 to 89 of EBNA-L, g derivative of EBNA-] that has a
deletion of residues 50 to 328 of EBNA-L, or a derivative of EBNA-] that has 8 deletion of
residues 65 to 328 of EBNA-L, (iv) a tetracycline or tetracycline derivative regulated
promoter system {TetOn or TetOfF), and v} 2 thymidine kinase or cytosine deaminase suicide
gene; (b} culturing the first cell population to effect expression of the reprogramiming factors
andfor synthetic transcription factors to produce a second cell population having traits
consistent with embryonic stem cells, wherein during culturing the episomal reprogramming
vector is replicated; (o} culturing the second cell population {0 produce a third cell population
comprising iPSCs that are substantially free of the episomal reprogramming vector, wherein
during culturing of the second cell population, the episomal reprogramming vector is not
veplicated; and (d} contacting the third cell population with a suicide gens substrate {o

produce IPSCs that are essentially free of the episomal reprogramming vector.

{8091 In some embodiments, the combination methods of the invention utilize a somatic
cell that can be a human peripheral blood mononuclear cells, fibroblasts, keratinocyies,

hematopoietic cells, mesenchymal cells, liver celis, stomach cells and § cells.

{08092} In some embodiments, the reprogramming factors for use in the combination
methods of the invention include Sox-2, Oct-4, Naneg, KLF4, oMY, Lin-28, and/or pS3DD.
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In additional embodiments, the iPSC reprogramming factors comprise Sox-3 and Ooi4, In
some embodiments, the iIFSC regrogramming factors are Sox-2, Oci4 and Nanog. In
embodiments, the IPSC reprogramming factors are Sox-2, Oet-4, and one or more of KLF4,
MY, Lin-28 and pS3DD. In embodiments, the iPSC reprogramming factors are Sox-2,
Oct-4, KLF4, oMY, Lin-28 and pS3DD,

8 Episomal Reprogramming Vectors

{80931 In embodiments, the invention provides an episomal reprogramming vestor
comprising: (2} an OriP origin of replication; (b} an expression cassette sncoding an iIPSC
reprogramiming factor andfor synthetic transcription factor; (&) a polynucieotide moleculs
encoding EBNA-{ of EBY, a derivative of EBNA-1 that has g deletion of residues 65 to 89 of
EBNA-1, a derivative of EBNA-T that has a deletion of residuss 90 to 328 of EBNA-1, ora
derivative of EBMA-1 that has a deletion of rosidues 65-328 of EBNA-L; and {(d) a suicide

gens,

[B084] In additional embodiments, the invention provides an episomal reprogramming
vector comprising: {a) an CriP origin of replication; (b} an expression casseite encoding an
iP5C reprogramming factor andfor synthetic transcription factor; {¢} a polynucleotide
molecule encoding EBNA-1 of EBY, & derivative of EBNA-] that has a deletion of residuss
§5 to 88 of EBNA-L, a derivative of EBNA-] that has a deletion of residues 90 1o 338 of
EBNA-, or a derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-1; snd

{d} a thymidine kinase or eytosine deaminase suicide gene.

{0095]  The invention further provides, in embodiments, an episomal reprogramming
vector comprising: (a) an OriP origin of replication; {b} an sxpression casseits encoding an
iPSC reprogramuming factor andfor synthetic franscription factor; (&) 8 pobmuclestids
molecule encoding BBNA-1 of EBY, 3 derivative of EBMA-~1 that has a deletion of residues
&3 io 89 of EBNA-L, a derivative of EBNA-! that has a deletion of residues 90 o 328 of
EBNA-L, or a derivative of EBNA-1 that has s deletion of residues 85-328 of EBNA-1; and

{4} 7 regulated promoter sysiem,

F60941 in embodiments, the invention additionally provides an episomal reprogramming
vector comprising: (&) an OniP origln of replication; (b} an expression cassette encoding an
PEC reprogramuming  factor andfor synthetic transcription facior; {¢) a polynucleotide

molecule encoding EBNA-1 of BBV, a derivative of EBNA-T that has & deletion of residues
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63 to 89 of EBNA-1, a derivative of EBNA-] that has s deletion of residues 90 to 328 of
EBNA-1, or a derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-I; and
{d} & TetOn or TetOff system.

{8097} in embodiments, the invention additionally provides an episomal reprogramming
vector comprising: {a} an OriP origin of replication; (b} an expression cassetie encoding an
iPSC reprogramming factor and/or synthetic transcription factor; {¢} a polynucleotide
molecule encoding EBNA-1 of EBVY, a derivative of EBNA-] that has a deletion of residues
65 w 89 of EBNA-L, a derivative of EBNA-] that has a deletion of vesidues 90 10 328 of
EBNMNA-1, or a derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-L; {d) a
Tetln or TetOH svstem; and (¢} a suicide gene.

{0098] In embodiments, the invention additionally provides an episomal reprogramming
vector comprising: {2} an OriP origin of replication; (b} an expression casseite encoding an
PSC reprogramming factor andfor synthetic iranscription factor; (&) a polynuclectide
molecule encading EBNA-1 of EBY, a derivative of EBNA-] that has a deletion of residues
63 to 89 of EBNA-1, a derivative of EBNA-! that has a deletion of residues 90 to 328 of
EBNA-1, or a derivative of EBNA-1 that has a deletion of residues 65-328 of EBNA-L; {d) a

TetOn or TetOff systeny; and (&) 8 thymidine kinase or cyiosine deaminase suicide gene.

18889} in embodiments, the methods of the present invention utilize a single vector or
multiple vectors to create iPSCs that are essentially free of the reprogramming vector. For
example, in embodiments, the regulaied EBNA-T of EBYV, or derivative of EBNA-I, as
discussed above, is not on the same vector as the expression casselte reprogramming factoss
and/or the synthetic transcription factors. Likewise, in embodiments, the suicide gene andfor

regulated promoter system are on separate vectors.
® Reprogramming Factors

{00188] Reprogramming factors are necessary to produce IPSCs. The following factors or
combination of factors can be used in the methods of the invention, In certain aspects, nucleic
acids encoding Sox and Oot (particularly Oci3/4) will be included into the reprogramming
vector. For example, one or more reprogramming vectors may comprise expression casseties
encoding Sox2, Oct4, Nanog and optionally Lin28, or expression casseftes encoding Sox2,
Octd, Kif4 and optionaily co-Myc, or expression casseites encoding Sox2, (ctd, and

optionally Hsrrb, or expression casseties encoding Sox2, Ocid, Nanog, Lin28, KIf4, c-Mye,



WO 2017/123789 PCT/US2017/013229
26

and optionally SV40 Large T antigen, Nucleic acids encoding these reprogramming factors
may be comprised in the same expression cassette, ditferent expression casseites, the same

reprogramming vector, or different reprogramming vectors,

{60181} Octd and certsin members of the Sox gene family {Soxi, Sox2, Sox3, and Soxi5)
have been identified as crucial transeriptional regulators involved in the induction process
whose absence makes induction Impossible. Additional genes, however, including certain
members of the KIf family (KIf1, Kif2, Kif4, and KIfS), the Myc family {(o-Mye, L-Myc, and

N-Mye}, Manog, and Linl8, bave been identified o increase the induction efficiency.

[06182] Octd (Poudfl} is one of the family of cetamer ("Oct™} transeription factors, and
plays = crucial role in maintaining pluripotency. The absence of Octd in cells, such as
blastomeres and embryonic stem cells, leads to spontaneous trophoblast differentiation, and
presence of Octd thus gives rise to the pluripotency and differentiation potential of embryonic
stem cells. Various other genes in the "Cet” family, including Octl and Qct6, fail to olicit

induction,

[$0103] The Sox family of genes is associated with maintaining pluripotency similar to
Octd, although it is associated with multipotent and unipotent stem cells in contrast with
Gotd, which is exclusively expressed in pluripotent stem cells, While Sox2 was the initial
gene used for reprogramming induction, other genes in the Sox family have been found to
work as well in the induction process. Sox! yields iPS cells with a similar efficiency as Sox2,
and genes Sox3, SoxliS, and SoxiB also penerate iPS cells, although with decreased

sfficiency.

{00184] Lin28 is an mRNA binding protein expressed in embryonic stem cells and

embryonic carcinoma cells associated with differentiation and proliferation.

{00185]  The reprogramming factors used in the methods and vectors of the invention can
be naturally or non-naturally occurring. Mon-naturally occurring reprogramming factors ars
referred to hereln as synthetic transcription factors. Synthetic transcription factors can also be
introduced into somatic cells to reprogram the cells into an embryonic stem celllike state.
Synthetic transcription factors can enhance reprogramming efficlency and accelerate kinetics.

Additional synthetic transcription factors are known to one of skill in the art.
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{80186] The reprogramming proteins used in the present invention can be substituted by
protein homologs with about the same reprogramming functions. Nucleie acids encoding
those homologs could also be used for reprogramming. Conservative amino acid substitutions
gre preferred--that is, for example, aspartic-gliiamic as polar scidic aming scids;
lysine/argininefhistidine as polar basic aminoe acids;
leucinefisoleucine/methioninefvaline/alanine/glycine/proline  as non-polar or hydrophobic
amine acids; serinefthreonine as polar or uncharged hydrophilic amine acids. Conservative
amino acld substitution also includes groupings based on side chains. For example, 8 group of
amino acids having aliphatic side chains Is glycine, alanine, valine, leucing, and isoleucine; a
group of amine acids having aliphatic-hydroxyl side chains is serine and threonine; 8 group
of amino acids having amide-containing side chaing is asparagine and glulamine; a group of
amine acids having aromatic side chains is phenylalanine, tyrosine, and tryplophan; a group
of amino acids having basic side chains is lysine, arginine, and histidine; and a group of
amine acids having sulfur-containing side chains is cysteine and methionine. For example, it
is reasonable to expect that replacement of a leucine with an isoleucine or valine, an aspartate
with a glutamate, a threonine with a serine, or a similar replacement of an amino acid with a
structurally related amine acid will not have 8 major effect on the properties of the resulting
polypeptide. Whether an amino acld change results in 2 functional polypeptide can readily be

determined by assaying the specific sctivity of the polypeptide.
® Suicide Genes

[BOIB7]  Suicide genes have been tested in cancer therapy. A major limitation of
conventional chemotherapies used in cancer treatments today are low therapeutic indices and
side effects that result Fom drug effects on normal tissues. One of the most innovative

spproaches 1o developing therapiss with increased tumor selectivity is gene therapy.

{108 The fundamental concept underlying suicide gene therapy is as follows: a gene is
selectively introduced into the tumor environment which encodes for an enzyme that
metabolizes a systemically available pro-drug to an active anti-neoplastic agent locally. The
first example of suicide gene approach for therapy of cancer was the introduction of the
herpes simplex virus thymidine kinase gene into neoplastic BALB/c murine K3T3 sarcoma
cell lines. Treatment with ganciclovir, which is converied by thymidine kinase into
compounds that become toxic after wriphosphoryistion by cellular kinases, resulted in

destruction of the tumor cells in vitro, Administration of ganciclovir to BALB/c mice bearing
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K3T3 sarcoma tumors produced by the cell lines resulted in destruction of the tumors in vivo,
The central rationale for suicide gene therapy is to antificially penerate exploitable

biochemical differences between healthy host tissues and cancer cells.

B0108] In the captioned invention, suicide genes are exploited to ¢liminate IPSCs that still
contain the episomal reprogramming vector. When the suicide gene systems are activated,

only those cells containing the episomal vector are killed.

£ Extra-Chromosomal Vectors for Generating Vector-Free Induced Pluripotent
Stem Cells

{B0EE0]  As described sbove, generation of pluripotent stem cells from human somatic cells
has been achieved using retroviruses or lemtiviral vectors for ectopic expression of
reprogramming genes. Recombinant retroviruses such as the Moloney murine leukemia virus
have the ability to integrate into the host genome in 8 stable fashion. They contain a reverse
transcriptase which allows integration into the host genome. Lentiviruses are a subelass of
Retroviruses, They are widely adapted as vectors thanks to their ability to integrate into the
genome of non-dividing as well as dividing cells. These viral vectors also have besn widely
used in a broader context: differentiation programming of cells, including reprogramming,
differentiation, and transdifferentiation. The viral genome in the form of RNA is reverse-
transcribed when the virus enters the cell to produce DNA, which is then inserted into the
genome at a random position by the viral integrase enzyme. As discussed above, integration
of the viral nucleotides into the host genome s not preferred for cell therapy based

therapeutic applications.

{08111}  Therefore, in certain embodiments, the present invention provides mesthods to
gensrate induced pluripotent stem cells and other desived cell types essentially fres of
exogenous genetic clements, such as from retroviral or lentivieal vector used in the previous
methods, These methods make use of exiva-chromosomally replicating vectors, or vectors

capable of replicating episomally.

® Epstein-Barr Virus
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{00113} The Epstein-Barr Virus (EBY), also called Human herpesvirus 4 (HHV-4), is a
virus of the herpes family (which includes Herpes simplex virus and Cyiomegalovirus). EBV
maintains s genome extra-chromosomally and works in collsboration with host cell
machinery for efficient replication and maintenance relying solely on two essential features
for its replication and is retention within cells during cell division. One slement, OriP, exists
in cis and serves as the origin of replication. The other factor, EBNAIL, functions in trans by

binding to sequences within OriP to promote replication and maintenance of the plasmid
DNA,

& OriP

{00113} OriP is a region of the Epstein-Barr virus chromosome that supports the
replication and stable maintenance of plasmids in human cells. It is the site at or near which
DNA replication initiates and is composed of two cis-acling sequences approximately 1

kilobase pair apart known as the family of repeats (FR) and the dyad symmetry (DS),

{08114] FR is composed of 21 imperfect coples of a 30 bp repast and containg 20 high
affinity EBNAl-binding sites. When FR is bound by EBNAL it both serves a5 a
transcriptional enbancer of promoters in cis up to 10 kb away, and contributes to the nuclear
retention and faithful maintenance of FR comaining plasmids, The efficient partitioning of
OriP plasmids s also likely attributable to FR. While the virus has evolved o maintain 20
EBNAI-binding sites in FR, efficient plasmid maintenance requires only seven of these sites,
and can be reconstituted by a polymer of three copies of DS, having 2 total of 12 EBNAIL-

binding sites.

[80115]  The dyad symmetry element {DS) is sufficient for initiation of DNA synthesis in
the presence of EBNAL, and initiation ocours either at or near DS, Termination of viral DNA
synthesis is thought to occur at FR, because when FR is bound by EBNAT it functions as a
replication fork barvier as observed by 2D gel elecirophoresis. Initiation of DNA synthesis
from DS is Heensed to onee-per-celi-cyele, and is regulated by the components of the celiular
replication system. DS contains four EBNAT-binding sites, albeit with lower affinity than
those found in FR. The topology of DS is such that the four binding sites are arranged as two
pairs of sites, with 21 bp centerto-center spacing between sach pair and 33 bp center-to-

center spacing between the two non-paired internal binding sites.
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{01316]  The functional roles of the clements within DS have been confirmed by studies of
another region of EBV's genome, termed Rep®, which was identified as an element that can
substitute for DS inefficiently. Polymerizing Rep* eight times yielded an element as efficient
as XS in its support of replication. Biochemical dissection of Rep*® identified a pair of EBNA
{-binding sites with a 21 bp center-to-center spacing critical for iis replicative function (ibid).
The munimal replicator of Rep* was found to be the pair of EBNAl-binding sites, as
replicative function was retained even afler all flanking sequences in the polymer were
replaced with sequences derived from lambda phage. Comparisons of DS and Rep® have
revealed a common mechanism: these replicators support the initiation of DNA synthesis by
recruiting the cellular replicative machinery via a pair of appropriately spaced sites, bent and
bound by EBNAL

{88117 Additional extra~chromosomal, plasmids that replicate in mammalian cells exist
that are unrelated to EBV and appear similar to the zone of initiation within the Raji strain of
EBY. For example, plasmids that contain "nuclear scaffold/matrix attachment regions”
{S/MARs) and a robust transcriptional unit are in the art. Their S/MAR is derived from the
human interferon-beta gene, is A/T rich, and operationally defined by its association with the
nuclear matrix and its preferential unwinding at low ionic strength or when embedded in
supercoiled DNA. These plasmids replicate semiconservatively, bind ORC proteins, and
suppor the initiation of DNA synthesis effectively randomly throughout their DNA, They are
efficiently maintained in proliferating hamster and human celis without drug selection and
when introduced into swine embryos can support expression of GFP in maost tissues of fetal

animals.
@ ERNAL

{00118] Epstein Barr nuclear antigen 1 {(EBNAI) is a DNA-binding protein that binds to
FR and D8 of OriP or Rep® to facilitate replication and faithful partitioning of the ERV
plasmid 1o daughter cells independent of, but in concert with, cell chromosomes during each

cail division.

{B01E%] The 641 amino acids (AA) of EBNAIL have been categorized into domains
associated with its varied functions by mutational and deletional analyses. Two regions,
between AA40-8% and AA329-378 are capable of linking two DNA elements in ¢is or in
trans when bound by EBNAIL, and have thus been termed Linking Region 1 and 2 (LRI,
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LR}, Fusing these domains of EBNAT to GFP homes the GFP to mitotic chromosomes, LRI
and LRZ are functionally redundant for replication; a delstion of either one vields a derivative
of EBNAL capable of supporting DNA replication. LRI and LRE2 are rich in arginine and
giveine residues, and resemble the AT-hook motifs that bind A/T rich DNA. An in vitro
analysis of LRI and LR2 of EBNAT has demonstrated their ability to bind to A/T rich DNA.
When LRI, contgining ose such AT hook, was fused to the DNA-binding and dimerization
domain of EBMNAL it was found to be sufficient for DNA replication of OriP plasmids, albeit
fess efficiently than the wild-type EBNATL

{00528] LRZ is not required for EBMAD's support of OriP replication. Additionally, the N-
terminal half of EBNAT can be replaced with cellular proteins containing AT-hook motifs,
such as HMGA Ta, and still retain replicstive function. These Bndings indicate that it likely is
the AT-hook activities of LRI and LR2 are required for the maintenance of OriP in human

gelis,

{08121] A third of EBNAUs residues {AA%91-328) consist of ghycine-giveine-alanine
{GGA} repeats, implicated in EBNAYS ability to evade the host immune response by
inhibiting protepsomal degradation and presentation. These repeats have also heen found to
inhibit translation of EBNAT in viro snd in vive. However, the deletion of much of this

domain has no apparent effect on functions of EBNAT in cell culture,

{00122] A nuclear localization signal (NLS) is encoded by AA379-386, which alse

associates with the cellalar nuclear mporiation machinery.

{B0123]  Lastly, the C-enminus (AA458-607) encodes the overlapping DMNA-binding and
dimerization domains of ERMNAL The structure of these domaing hound to DMNA has been
solved by Xeray crystallography, and was found o be similar to the DNA-binding domain of

the E2 protein of papillomaviruses.

00134]  In embodiments of the invention, 8 reprogramming vector will contain both OriP
and an abbreviated sequence encoding 8 version of EBMAT compstent lo support plasmid
replication and its proper maintenance during cell division. The highly repetitive sequence
within the amino-terminal ong-third of wild-type EBNAI and removal of 2 25 amino-acid
region that has demonstrated toxicity in various cells are dispensable for EBNAYSs transe
scting function associated with OniP. Therefore, an exemplary derivative, the abbreviated

form of EBNAL known as deltatlR, could be used with OriP within this plasmid-based
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system. More examples of EBNAT derivatives that can activate transcription from an extra-
chromosomal template are available in the art, for example, Kirchmaler and Sugden, J Firol.
FE)E776-377F (1997}, and Kennedy and Sugden, Mol Cell Biol 23(1916501-6908
{2003}, both incorporated herein by reference.}

[00125] A derivative of EBMA-1 used in the invention is s polypeptide which, relativeto g
corresponding wild-type polypeptide, has & modified amino acid sequence, The modifications
include the deletion, insertion or substitution of st least one amino acid residue in & region
corresponding to the unique region {residues about 63 1o about 89) of LRI (residues about 40
o about 8%} in EBNA-, and may include a deletion, insertion andfor substitution of one or
more amino acid residuss in regions corresponding o other residues of EBNA-L, e.g., about
residue 1 1o about residue 40, residues about 90 to about 328 ("Gly-Gly-Ala" repeat region),
residues about 329 to about 377 (LR3), residues about 379 to about 386 (NLS), residues
about 451 to about 608 (DNA binding and dimerization), or residues about 609 to sbout 641,
so long as the resulting derivative has the desived propertiss, e.g., dimerizes and binds DNA
containing an orl corresponding to OriP, localizes to the nucleus, is not cyiotoxic, and
sctivates transcription from an extrachromosomal but does not substantinlly active
transcription from an integrated template, Substitutions include substitutions which utilize the
D rather than L form, as well as other well known amino acid analogs, e.g., unnatural aming
acids such as alpha-disubstitsted amine acids, N-alkyl aming acids, lactic acid, and the like.
These analogs include phosphoserine, phosphothreonine, phosphotyroging, hydroxvproline,
gamma-carboxyghutamate; hippuric acid, octahydroindole-2-carboxylic acid, statine, 1,2,3.4,-
tetrshydroisoquinoline-3-carboxylic acid, penicillamine, ornithine, citruline, alpha-methyl-
slanine, para-benzoyl-phenylalanine, phenylglycine, propargylglyecine, sarcosine, epsilon-
NN N-trimethyilysing, epsilon-Neacetyliysine, N-scetylserine, N-formylmethionine, 3-
methyihistidine, S-hyvdroxylysine, omega-N-methylarginine, and other similar amino acids

and imino acids and tert-butylghyeine.

{00126] Conservative amino acid substitutions are preferred—that Is, for example, aspartic-
glutamic as polar acidic aming acids; lysinefarginine/histidine as polar basic amino scids;
leucing/isoleucine/methionine/valine/alanine/glycine/proline a5 non-polar or  hydrophobic
arnino acids; serine/threonine as polar or uncharged hydrophilic amine acids. Conservative
amino acid substitution also includes groupings based on side chains. For example, a group of

amino acids having aliphatic side chains is glvcine, alanine, valine, leucing, and isolsucine; a
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group of amino acids having aliphatic-hydroxyl side chains is serine and threonine; s group
of amine acids having amide-containing side chains is asparagine and glutamine; a group of
amino acids having aromatic side chains is phenylalanine, tyrosine, and wyptophan; a group
of amino acids having basic side chains is lysine, arginine, and histidine: and a group of
amino acids having sulfur-containing side chains is cysteine and methioning. For example, it
is reasonable to expect that replacement of & lsucine with an isoleucing or valine, an aspartate
with a glutamate, o threonine with a serine, or a similar replacement of an amino acid with a
structurally related amino acid will not have 8 major effect on the properties of the resulting
polypeptide. Whether an amino acid change resulis in a functional polypeptide can readily be

determined by assaying the specific activity of the polypeptide.

{01277  Amino acid substitutions falling within the scope of the invention, are, in general,
accomplished by selecting substitutions that do not differ significantly in their effect on
maintaining {8} the siructure of the peptide backbone in the area of the substitution, (b} the
charge or hydrophobicity of the molecule at the target site, or {¢} the bulk of the side chain.

Naturally cccurring residues are divided into groups based on common side-chain properties:
{60338 (1) hydrophobic: norleucine, met, alg, val, ley, He;

{80139 (2) neutral hydrophilic: cys, ser, thr;

[88136] (3} acidic: asp, gly;

1B8131]  {4) basic: esn, ghn, his, bys, arg;

[08133] (5} residues that influence chain orientation: gly, pro; and

{08133]  (6) sromatic; trp, tyr, phe.

{00134] The invention also envisions polypeptides with non-conservative substitutions,
Non-conservative substitutions entail exchanging 8 member of one of the classes desoribed

abave for another.

{00135]  Acid addition salts of the polypeptide or of amine residues of the polypeptide may
be prepared by contacting the polypeptide or amine with one or more eguivalents of the

desired inorganie or organic acid, such as, for example, hydrochloric acid. Esters of carboxyi
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groups of the polypeptides may also be prepored by any of the usual methods known in the
art.

® Yector Construction and Delivery

{00136]  In cestain embodiments, reprogramming or differentistion programming vectors
are constructed fo comprise additional slements In addition to nucleic acid sequences
encoding reprogramming factors, differentiation programming factors andfor synthetic
transcription factors as described above to express these reprogramming factors in cells. In

embuodiments, the components of these vectors and delivery methods are disclosed below.

® Yeotor

{00137] The use of plasmid~ or liposome-based exira-chromosomal vectors, e.g., OniP-
based vectors, andfor vectors encoding 2 derivative of EBNA-1 permit large fragments of

DNA 1o be introduced to a cell and maintained extra-chromosomally

{08138] Other extra~chromosomal vectors include other tymphotrophic herpes virus-based
vectors. Lymphotrophic herpes virus is 8 herpes virus that replicates in a lymphoblast {e.g., a
human B lymphoblast) and becomes a plasmid for a part of its natural life-cycle. Exemplary
lymphotrophic herpes viruses include, but are not limited to EBV, Kaposi's sarcoma herpes
virus {(KSHVY); Herpes virus saimiri (H8) and Marek's disease virus (MDV). Also other

sources of episome-base vectors are provided, such as yeast ARS, adenovirus, 8V44, or BPV.

[B0138] Vectors can also comprise other components or functionalities that further
modulate gene delivery andfor gene expression, or that otherwise provide beneficial
properties {o the targeted cells. Such other components include, for example, components that
influence binding or targsting to cells (including components that mediate cell-type or tissue~
specific binding); components that influence uptake of the vector nucleie acid by the cell;
components that influence localization of the polynucleotide within the cell after uptake {such
as agents mediating nuclear localization); and components that influence expression of the

polynucleotide,
® Regulatory Elemenis

[00148] Eukarvotic expression cassettes included in the vectors preferably contain (in g §-

to-3" direction} a eukaryotic transcriptional promoter operably linked to a protein-coding
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sequence, splice signals including intervening sequences, and a {ranscriptional

termination/polyadenylation sequence,
® Promoter/Enhancers

{60141] A "promoter” is a control sequence that is a region of a nucleic acid segquence at
which initiation and rate of transcription are controlled. It may contain genctic slements at
which regulatory proteins and molecules may bind, such as RNA polymerase and other
ranscription factors, to initiate the specific transeription a nucleie acid sequence. The phrases
"operatively positioned,” “operatively linked," “under control,” and “under transcriptional
control” mean that a promoter is in a correct functional location and/or orientation in relation

to a nucleic acid sequence to control transcriptional initlation andfor expression of that

sequence,

{68143]  Promoters suitable for use in EBNA-1-encoding vector of the invention are those
that direct the expression of the expression cassettes encoding the EBNA-1 protein to result
in sufficient steady-state levels of EBNA-1 protein to stably maintain BBV OriPecontaining
vectors. Promolers are also used for efficient expression of expression cassettes encoding

seprogramming factors and/or synthetic transeription factors.

{08143 A promoter generally comprises 2 sequence that functions to position the start site
for RNA synthesis. The best known example of this is the TATA box, but in some promoters
lacking a TATA box, such as, for example, the promoter for the mammalian terminal
deoxynucleotidyl transferase gene and the promoter for the 8V40 laie genes, o discrete
element overlying the start site #self helps to fix the place of initiation. Additional promoter
elements regulate the frequency of transeriptional initiation. Typically, these are located in
the region 30-110 bp upsiream of the start site, although a number of promoters have heen
shown to contain functional elements downstream of the start site as well. To bring a coding
sequence "under the controd of a promoter, one positions the 5 end of the transcription
initiation site of the transcriptional reading frame "downstream” of (e, ¥ of) the chosen
promoter. The "upsiream” promoter stimulates transcription of the DNA and promotes

expression of the encoded RNA,

{00144} The spacing between promoter elements frequently is flexible, so that promoter
function is preserved when elements are inverted or moved relative t© one another. In the k

promoter, the spacing between promoter elements can be increased to 50 bp apart before
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activity begins to decline, Depending on the promoter, it appears that individual clements can
function sither cooperatively or independently to activate transcription. A promoter may or
may not be used in conjunction with an "enhancer,” which refers to a cis-acting regulatory

sequence involved in the ranscriptional activation of a nucleie acid sequence.

{00145] A promoter may be one naturally associated with a nucleic acid sequence, as may
be obiained by isclating the 5' non-coding sequences located upstream of the coding segment
and/or exon. Such a promoter can be referred 1o as "endogenous.” Similarly, an enhancer may
be one naturally sssociated with a2 nucleic acid sequence, located either downstream or
upstream of that sequence. Alternatively, certain advantages will be gained by positioning the
coding nucleic acid segment under the control of a recombinant or heterologous promoter,
which refers (o a promoter that is not normally associated with a nucleic acid sequence in its
natural environment. A recombinant or heterologous enhancer refers alse to an enhancer not
normally associsted with a nucleic acid sequence in its natural environment. Such promoters
or enhancers may includs promoters or enhancers of other genes, and promaoters or enhancers
isolated from any other vires, or prokaryotic or evkaryotic cell, and promoters or enhancers
not “naturally occurring,” ie., containing different elements of different transcriptional
regulatory regions, and/or mutations that alter expression. For example, promoters that are
most commonly used In recombinanmt DNA construction include the bets-lactamase
{peniciilinase}, lactose and tryplophan {irp) promoter systems. In addition to producing
nucleic acid sequences of promoters and enhancers synthetically, sequences may be produced
using recombinant cloning andfor nucleic scid amplification technology, including PCR, in
connection with the compositions disclosed herein. Furthermore, in embodiments, the control
sequences that direct transcription andfor expression of sequences within non-nuclear

organelles such as mitachondria, chloroplasts, and the like, can be employed as well,

861467 [t is be important to employ a promoler andfor enhancer that effectively directs the
expression of the DNA segment in the organelle, cell type, tissue, organ, or organism chosen
for expression. The promoters employed may be constitutive, tissue-specific, inducible,
andfor useful under the appropriste conditions to direct high level expression of the
introduced DNA segment, such as is advantagecus in the large-scale production of

recombinant proteins and/or peptides, The promoter may be heterologous or endogenous.

{08847]  Use of a T3, T7 or 5P6 cytoplasmic expression system is one embodiment.

Eukaryotic cells can support cytoplasmic transeription from certain baclerial promoters if the
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sppropriate bacterial polymerase is provided, sither as part of the delivery complex or as an

additional genetic expression construet,

{68148] DMon-limiting examples of promoters include early or late viral promoters, such as,
SV40 sarly or late promoters, cytomegalovirus (CMV) immediate early promoters, Rous
Sarcoma Virus (RSVY) early promoters; eukaryotic cell promoters, such as, e.g., beia sctin
promoter (Ng, 5. Y., Nue., doid Res, 17 601-6135, 1989, Quitsche ot al, J Biol Chem. 364
93399345, 1989), GADPH promoter {Alexander et al,, Proc. Nat, dead Sci. US4 85 5492
30986, 1988, Ercolani et al, J 8ol Chem. 263: 15335-15341, 1988}, metallothionein
promoter (Karin ¢t al. Cell 38; 371-379, 1989; Richards et al, Celf 37: 263272, 1984); and
concatenated response clement promoters, such as cyclic AMP response slement promoters
{cre}, serum response element promoter (sre), phorbol sster promoter {TPA) and response
clement promoters {ire) near & minimal TATA box. It is also possible o use human growth
hormone promoter sequences {¢.g., the humean growth hormone minimal promoter described
al Genbank, accession no, X05244, nucleotide 283-341) or 2 mouse mammary tumor
promoter {available from the ATCC, Cat. No. ATCC 45007). A specific example is the
phosphoglyeerate kinasse (PG promuoter.

& Initiation Signals and Internal Ribosome Binding Sites

{00149] A specific initintion signal also may be required for efficient translation of coding
sequences. These signals include the ATG Initlation codon or adjacent sequences. Exogenous
transiational control signals, including the ATG initiation codon, may need to be provided.
One of ordinary skill in the art would readily be capable of determining this and providing the
necessary signals. It is well known that the initiation codon must be “in-frame” with the
reading frame of the desired coding sequence to ensure translation of the entire insert. The
exogenous franslational control signals and initiation codons can be sither natural or

synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate

transeription enhancer elements.
® Multiple Cloning Sites

{00158]  Vectors can include a multiple cloning site (MCS), which is a nucleic acid region
that contains multiple restriction enzyme sites, any of which can be used in conjunction with
standard recombinant technology to digest the vector. "Restriction enzyme digestion” refers

to catalytie cleavage of a nucleic acid molecule with an enzyme that functions only at specific
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locations in 2 nueleic acid molecule, Many of these restriction enzymes are commercially

available.
® Splicing Sites

{B0I51]  In embodiments, the vectors used in the methods of the invention comprise 3
splicing site. Most transcribed eukarvotic RNA molecules will undergo BNA splicing to
remove introns from the primary tasscripts, Vectoss containing genomic sukaryotic
sequences may require donor andfor acceptor spliclag sites to ensure proper processing of the

franscript for protein expression,
® Termination Signals

{8132} In embodiments, the vectors or constructs of the present invention comprise at
least one termination signal. A “termination signal” or “terminator® is comprised of the DNA
sequences involved in specific termination of an RNA transcript by an RMA polymerase.
Thus, in certain embodiments 8 termination signal that ends the production of an RNA

transcript {8 provided, A terminator may be necessary in vivo to achieve desirable message

levels,

{08183]  In cukarvotic systems, the torminator region may also comprise specific DINA
sequences that permit site-specific cleavage of the new iranscript so 885 1o expose 3
polyadenylation site, This signals a specislized endogenous polymerase to add a streich of
about 200 A residues {polyAl to the ¥ end of the transcript. RNA molecules modified with
this pelyA tail appesr to more stable and are transiated more efficiently. Thus, in other
embodiments involving eukaryvotes, it is preferred that that terminator comprises a signal for
the cleavage of the RNA, and it is more preferred that the terminator signal promotes
polyadenylation of the message. The terminator and/or polyadenyviation site elements can

serve 1o enhance message levels and fo minimize read through from the casssite info other

SCQUSTICEE,

[B8184] Terminators provided for use in the invention include any known terminator of
transcription described herein or known to one of ordinary skill in the art, including but not
limited to, for example, the termination sequences of genes, such as for example the bovine

growih hormone terminator or viral termination sequences, such as for example the 5V40
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terminator. In certain embodiments, the termination signal may be a lack of transcribable or

transiatable sequence, such as due to a sequence truncation,
® Polyadenylation Signals

{0155} In expression, particularly eukaryotic expression, one will typically include a
polyadenylation signal to effect proper polyadenylation of the transeript. The nature of the
polyadenylation signal is not believed to be crucial to the successful practice of the invention,
and any such sequence may be employed. Preferred embodiments include the SV40
polyadenyiation signal or the bovine growth hormone polyadenylation signal, convenient and
known to function well in various target cells. Polyvadenyiation may increase the stability of

the transeript o may facilitate cytoplasmic transport,
® Selection and Screenable Markers

[80136]  In certain embodiments of the invention, cells containing & nucleic acid construct
of the present invention may be identified in vitro or in vivo by including 2 marker in the
expression vector. Such markers would confer an identifiable change o the cell permitting
easy identification of cells contalning the expression vector. Generally, o selection marker is
one that confers a property that allows for selection. A positive selection marker is one in
which the presence of the marker allows for its selection, while a negative selection marker is
one in which its presence provents its selection. An example of a positive selection marker is

a drug resistance marker.

[00157]  Usually the inclusion of a drug selection marker aids in the cloning and
wentification of transformants, for example, genes that confer resistance 10 neomycin,
puromyein, hygromycin, DHFR, GPT, zeocin and histidinol are usefusl selection markers. In
addition to markers conferring 8 phenotype that allows for the discrimination of
transformants based on the implementation of conditions, other types of markers including
screenable markers such as GFPF, whose basis is calorimetric analysis, are also provided,
Alternatively, screenable enzymes as negative selection markers such as herpes simplex virus
thymidine kinase {1k} or chloramphenicol acetyliransferase (CAT) may be utilized. One of
skill in the art would also know how to employ immunclogic markers, possibly in
conjunction with FACS analysis. The marker used is not believed to be important, so long as
# 1s capable of being expressed simultancously with the nucleic acid enceding 2 gene

product. Further examples of sslection and scresnable markers are well known (o one of skill



WO 2017/123789 PCT/US2017/013229
40

in the art. One feature of the present invention includes using selection and screenable
markers to select vector-free cells afRer the differentiation programming factors have effected

a desired altered differentiation status in those calis.
® Vector Delivery

{00158] Introduction of a reprogramming or differentiation programming vector into
somatic cells with the current invention may use any suitable methods for nucleic acid
delivery for transformation of a cell, as described hereln or as would be known o one of
ordinary skill in the art, Such methods include, but are not Himited to, direct delivery of DNA
such s by ex vive transfection, including microinjection; by electroporation; by calcium
phosphate precipitation; by using DEAE-dextran followed by polyethylene glyeol; by direct
sonic loading; by Hposome mediated transfection and receplor-mediated transfection; by
microprojectile bombardment; by agitation with silicon carbide fibers; by Agrobacterium-
mediated  transformation; by PEG-medisted  tansformation  of  protoplasts; by
desiccgtion/inhibition~-mediated DMNA upteke, snd any combination of such methods.
Additional methods for delivering the vectors of the present invention include “cell
squeezing,” which involves rapid mechanical deformation of cells (o deliver macromolecules
and nanomaterials imto cells. See, e.g., Sharel, "Cell Squeezing as a Robust, Microfluidic
Intraceliular Delivery Platform,” J. Vis. Exp. 81:1-7 (2013), incorporated herein by reference

in its entivety.
® Liposome-Mediated Transfection

{08139  In a certain embodiment of the invention, a nucleie acid may be entrapped in a
lipid complex such as, for example, & liposome. Liposomes are vesicular structures
characterized by a phospholipid bilayer membrane and an inner aqueocus medium,
Multilamellar liposomes have multiple lipid layers separated by aqueous medium. They form
spontanesusly when phospholipids are suspended in an excess of agueous solution. The lipid
components undergo selfresrrangement before the formation of closed structures and entrsp
water and dissolved solutes betwesn the lipid bilayers. Alse provided s an nucleic acid
complexed with Lipofectamine {Gibeo BRL) or Superfect (Qisgen). The amount of
liposomes used may vary upon the nature of the liposome as well as the, cell used, for

example, about § to sbout 20 ug vector DNA per 1 o 10 million of cells may be used,

® Electroporation
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{8168 In certain embodiments of the present invention, a nucleic acid is introduced into
an organelie, a cell, a tissue or an organism via electroporation. Electroporation involves the
sxposure of a suspension of cells and DNA to a high-voliage electric discharge. Recipient
cells can be made more susceptible to transformation by mechanical wounding. Also the
amount of vectors used may vary upon the nature of the cells used, for example, about 5 1o

about 20 microgram vector DNA per | to 10 million of cells may be provided.

{00161] Transfection of cukaryotic cells using electroporation has been guite successful.
Mouse pre-B lymphocytes have been transfected with human ksppa-immunoglobulin genes
{Potter et al,, 1984), and rat hepatocyles have been tansfected with the chloramphenicol

acetyltransferase gene {Tur-Kaspa et al,, 1986) in this manner.
® Calcium Phosphate

{80183}  In other embodiments of the present Invention, a nucleic acld is introduced to the
cells using calcium phosphate precipitation. Human KB cells have been transfected with
adenovirus § DNA using this technique. Also in this manner, mouse L{A%), mousse C127,
CHO, CV-1, BHK, NIH3T3 and Hela cells were transfected with a neomycin marker gene,

and rat hepatocytes were transfected with 2 varisty of marker genes.
® DEAE-Dexiran

{00163] In another embodiment, 8 nucleic acid is delivered into 2 cell using DEAE-dextran
followed by polyethylene glyeol. In this manner, reporter plasmids were introduced into

mouse myeloma and erythroleukemia cells.
s Sonication Loading

{60164]  Additional embodiments of the present invention include the introduction of a
nucleic acid by direct sonic loading. LTK-fibroblasts have been transfected with the

thymidine kinase gene by sonication loading,
® Receptor Mediated Transfection

[08165]  Sull further, a nucleic acid may be delivered to a target cell via recepior-mediated
delivery vehicles. These take advantage of the selective uptake of macromolecules by

receptor-mediated endocytosis that will be coourring in a target cell. In view of the cell type-
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speeific distribution of various receptors, this delivery method adds another degree of

specificity to the present invention,

{0166] Certain recoplor-mediated gens targeting vehicles comprise a cell receptor-
specific ligand and a nucleic acid-binding agent. Others comprise a cell receptor-specific
tigand to which the nuclele acld to be delivered has been operatively attached. In certain
aspects of the present invention, g Hgand will be chosen to correspond to a receplor

specifically expressed on the target cell population.

{00167]  In other embodiments, 7 nucleic acid delivery vehicls component of a cell-specific
nucleic acid targeting vehicle may comprise 8 specific binding lHgand in combination with 3
liposome. The nucleic acid(s} to be delivered are housed within the liposome and the specific
binding ligand is functionally incorporated into the liposome membrane, The liposome will
thus specifically bind to the receptor(s} of a target cell and deliver the contents to a cell. Such
systems have been shown to be functional using systems in which, for example, epidermal
growth factor (EGF)} is used in the receplor-mediated delivery of a nuclelc acid o cells that

exhibit upregulation of the EGF receptor.

{00168] In still further embodiments, the nucleic acid delivery vehicle component of a
targeted delivery vehicle may be a liposome itself, which will preferably comprise one or
more lipids or glycoproteins that direct cell-specific binding. For sxample, lactosyl-ceramide,
a galactose-terminal asialganglioside, have been incorporated into liposomes and observed an
increase in the uptake of the insulin gene by hepatocytes (Nicolau ot al., 1987). It is provided
that the tissue-specific transforming constructs of the present invention can be specifically

delivered into a target cell in a similar manner,
® Microprojectile Bombardment

[00169] Microprojectile bombardment techniques can be used to introduce a nucleic acid
into at least one, organelle, cell, tissue or organism. This method depends on the ability o
accelerate DNA-coated microprojectiles to a high velocity allowing them to plercs csll
membranes and enter cells without killing them. There are 8 wide variety of microprojectile

bombardment techniques known in the art, many of which are applicable to the invention.

{0817¢]  In this microprojectile bombardment, one or more particles may be coated with at

least one nucleic acld and delivered into cells by s propelling force. Several devices for
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accelerating small particles have been developed. One such device relies on 3 high voltage
discharge o generate an electrical current, which in tum provides the motive force. The
microprojectiles used have consisted of biclogically inert substances such as tungsten or gold
particles or beads. Exemplary particles include those comprised of tungsten, platinum, and
preferably, gold. It is provided that In some instances DNA precipitation onto metal particles
would not be necessary for DNA delivery to a recipient cell using microprojectils
bombardment. However, it is provided that particles may contain DNA rather than be coated
with DNA, DNA-coated particles may incresse the level of DNA delivery via particie

bombardment but are not, in and of themselves, necessary.

{08178] For the bombardment, cells in suspension are concentrated on filters or solid
culture medium. Alternatively, immature embryos or other target cells may be arranged on
solid culture medium. The cells to be bombarded are positioned at an appropriate distance

below the macroprojectile stopping plate.
® Selection of IPS Cells

{08172]  In certain aspects of the invention, afler 3 reprogramming vector is introduced into
somatic cells, cells will be cultured for expansion {optionally selected for the presence of
vector elements like positive selection or scresnable marker to concentrate transfected cells)
and reprogramming vectors will express reprogramming factors in these cells and replicate
and pattition along with cell division. These expressed reprogramming factors will reprogram
somatic cell genome to establish a self-sustaining pluripotent state, and in the meantime or
after removal of positive selection of the presence of vectors, exogenous genetic elements
will be lost graduaily. These induced pluripotent stem cells could be selected from progeny
derived from these somatic cells based on embryonic stem cell characteristics because they
are expected to share similar characteristics with pluripotent embryonic stem cells. An
additional negative selection step could be also employed to accelerate or help selection of
IPSC cells essentially free of exopenous genstic elements by testing the absence of

reprogramming vector DNA or using selection markers.
& Selection for Embryonic Stem Cell Characteristics

{06173  IPSCs ave similar to naturally-isolated pluripotent stem cells {such as mouse and
human embryonic stem cells, mESCs and hESCs, respactively) in the following respects, thus

confirming the identity, authenticily, and pluripotency of PSCs to naturally-isolated
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pluripotent stem cells. Thus, induced pluripotent stem cells generated from the methods
disclosed in this invention could be selected based on one or move of following embryonic

stem cell characteristics.
® Cellular Biclogical Propertiss

[08174] Morphology: IPSCs are morphologically similar to ESCs. Each cell may have
round shape, large nucleolus and scant cytoplasm. Colonies of iPSCs could be also similar to
that of E8Cs. Human iPSCs form sharp-edged, fat, tighthy-packed colonies similar to hESCs

and mouse iPSCs form the colonies similar to mESCs, less flatand more aggregated coloniss
than that of hESCs.

{0175 Growth properties: Doubling time and mitotic activity are comerstones of ESCs,
as stem cells must selfrenew as part of their definition. iPSCs could be mitotically active,

actively self-renewing, proliferating, and dividing st a rate equal to ESCs.

{08176] Stem Cell Extvacellular Markers: IPSCs may express cell surface antigenic
markers expressed on ESCs, Human PSCs expressed the markers specific to hESC,
including, but not limited to, S5EA-3, §SEA-4, TRA-1-60, TRA-1-81, TRA-2-49/6F. Mouse
iPSCs expressed S5EA-1 but not S5EA-3 nor SSEA-4, similarly to mESCs.

{8177 Stem Cell Genes: iFSUs may express genes expressed in undifferentiated ESCs,
including Oet-3/4, Sox-2, Nanog, GDF3, REXI, FGF4, BESGH, DPPA2, DPPA4, and KTERT.

{80178} Telomerase Activity: Telomerases are necessary to sustain cell division
unrestricied by the Hayilick limit of .about.50 cell divisions, hESCs express high telomerase
activity {o sustain selftrenewal and proliferation, and iPSCs also demonstrate high telomerase
gotivity and express hTERT (human telomerase reverse transcriptase), a necessary

component in the telomerase protein complex.

[B0179]  Pluripotency: IPSCs will be capable of differentiation in a fashion similar 1o E8Cs

into cells of the three germ layers.

{B8I88]  Neural Differentiation: iPSCs could be differentiated into neuroms, expressing
betalll-tubulin, tyrosine hydroxylase, AADC, DAT, ChAT, LMXIB, and MAP2L The

presence of catecholamine-associated enzymes may indicate that iPSCs, like hESCs, may be
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differentiable into dopaminergic neurons, Stem cell-associated genes will be downregulated

after differentiation,

{00181] Cardiac Differentistion: iPSCs could be differentiated into cardiomyocyies that
spontansously  began  beating. Cardiomyocytes expressed TaTe, MEF2C, MYL2A,
MYHCbeta, and NKX2.5, Stem cell-associated genes will be downregulated afler

differentiation.

{08182] Terstoma Formation: iPSCs  injected into  immunodeficient mice may
spontaneously formed teratomas after certain time, such as nine weeks. Teratomas are tumors
of mubtiple lineages containing tissue derived from the three germ layers endoderm,
mesoderm and sctodermy; this is unlike other tumors, which typically are of only one cell

type. Teratoma formation is a landmark test for pluripotency.

{00183] Embryoid Body: hESCs in culture spontancously form ball-like embryo-like
structures termed "embryoid bodies,” which consist of a core of mitotically active and
differentiating hESCs and a periphery of fully differentisted cells from all thres germ layers.

iPSCs may also form embryoid bodies and have peripheral differentiated cells.

{00184] Blastocyst Injection: hESCs naturally reside within the inner cell mass
{embryoblast) of blastocysts, and in the smbryoblast, differentiate into the embryo while the
blastocyst's shell (irophoblast) differentiates info extraembryvonic tissues. The hollow
trophoblast is unable to form a living embryo, and thus it is necessary for the embryonic stem
cells within the embryoblast to differentiate and form the smbryo. iPSCs injected by
micropipette into a trophoblast io generate a blasiocyst transferred to recipient females, may
result in chimeric living mouse pups: mice with iIPSC derivatives incorporated all across their

bodies with 10%-90 and chimerism.,
8 Epigenetic Reprogramming

{00185] Promoter Demethylation: Methylation is the transfer of a2 methy! group to 8 DNA
base, typically the transfer of 2 methy] group to a cyiosine molecule in a Cp@ site (adjacent
cytosine/guanine sequence). Widespread methylation of a gene interferes with expression by
preventing the activity of expression proteins or recruiting enzymes that interfers with
expression. Thus, methylation of o gene effectively silences it by preventing transcription.

Promoters of pluripotency-associated genes, including Oct-3/4, Rexl, and Nanog, may be
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demethylsted in iPSCs, showing thelr promoter activity snd the active promotion and

expression of pluripotency-associated genes in IPSCs.

{00186} Histone Demethylation: Histones are compacting proteins that are structuraily
iocalized to DMA sequences that can effect their sctivity theough various chromatin-related
madifications. H3 histones associsted with Oct-3/4, Sox-2, and Nanog may be demethylated

3 activate the expression of Oct-3/4, Sox-2, and Nanog.
® Selection for Residue Free Feature

{08187 A reprogramming veclor such as OriP-based plasmid in this invention will
replicate extra-chromosomally and lose it presence in host cells after penerations. However,
an additional sefection step for progeny cells essentially fres of exogenous vector elements
may facilitate this process. For example, a sample of progeny cell may be exiracted to test the

presence or loss of exogenous vector elements ag known in the art,

{08188 An aliernative or complementary approach is to test the absenve of exopenous
genetic slements in progeny cells, using conventional methods, such as RT-PCR, PCR, FISH

{Fluorescent in situ hybridization), gene array, or hybridization {s.g., Southern blot).
® Culturing of iPS Cells

{0183 Afler somatic colls are introduced with a reprogravwming vector using the
disclosed methods, these cells may be cultred In 2 medium sufficient to maintsin the
pluripotency. Culiuring of induced pluripotent stem (IPS) cells generated in this invention can
use various mediom and technigues developed to culture primate pluripotent stem cells, more

specially, embryonic stem oells,

{08198]  For example, like human embryonic stem (hES) cells, iP5 cells can be maintained
in 80%% DMEM (Gibeo #10829-018 or #11963-092), 20% defined fetal bovine serum (FBS)
not heat inactivated, 1% non-essential amino acids, | mM L-glutamine, and 0.1 mM beta-
mercaptosthanol. Alternatively, ES cells can be maintained in serum-free medium, made with
86% Knock-Out DMEM {Gibeo #10829-018), 20% serum replacement (Gibeo #10828-028),
1% non-essential amino acids, I mM L-ghtamineg, and 8.1 mM beta-mercaptoethanol. Just

before use, human bFGF is added to a final concentration of .about 4 ng/mL (WO 99/20741)
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{38191} IPS cells, like E8 cells, have characteristic antigens that can be identified by
mnmunchistochemistry or flow eytometry, using antibodies for SSEA-1, SSEA-3 and S3EA-
4 {Developmental Studies Hybridoma Bank, National Institute of Child Health and Human
Development, Bethesda Md.), and TRA-1-60 and TRA-1-81 {Andrews et al., in Robertson E,
ed, Teratocarcinomas and Embryonic Stem Cells. IRL Press, 207-246, 1987). Pluripotency of
embryonic stem cslls can be confirmed by injecting approximately $.3-10 10 § cells into the
rear leg muscles of §-12 week old male SCID mice. Toratomas develop that demonstrate at

least one cell type of each of the thres germ layers.

EXAMPLES

[00193]  The invention is now described with reference to the following examples. These
examples are illustrative only and the invention should in no way be construed as being
limited to these examples but rather should be construed 1o encompass any and all variations

which become evident as a result of the teachings provided herein.

Example 1

BMaterials and Methods

{08193  Protocol: Feeder-lndependent Reprogramming of Human PBMCs with Episomal
Plasmids and Reprogramming Enhancer A Using the 4D Nucleofector

{B81%4] Materials:

I. hPBMCs (Lonza Cat. CC-2702, {50x10° cellsivial)

E'-J

Lonza L7 bPSC Culture Medium™ and Supplement Kit
3. Lonza L13 hPSC Passaging Solution™
4. Lonza L7 hPSC Matrixt™

5. Lonza 4D Nucleofecior™

2

Lonza P3 Primary Celf 4D-Nucleofector™ Kit
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7. Lones Episomal Reprogramming Kig™
a. Episomal Reprogramming Plasmid Mix™
b. Episomal Enhancer A™

g &-and 12Z-well Tissue Culture Trested Plates

8. PBMUC Basal Medium: HPGM™: Poletics™ hematopoietic progenitor growth

medivm Without antibiotics
16, PBMUO Medium Supplements (see table)
11, Centrifuge Tubes
12. 1X PBS
13. Dry Ice
14, Parafilm™
13, Low Oxygen Humidified Cell Cubture Incubator (3% O 5% CO0
16, Humidified Cell Culture Incubator 20.9% Oy; 5% €Oy

{681958]  During priming sieps (Day 0-8) 2 significant decrease in cell number is observed.
This protocal is optimized for 10-50x10° starting cell number. If priming is less than 10x10°

cells, consider priming the cslls for an additional 2 days, nucleofecting on day 8.

[00196] Supplemented HPGM is good up to 10 days, when kept at €°C. Al centrifugation

should be performed at room tempersture.

Frocedure

{B81%7]  Plan and estimate guantity of PEMC Basal Medivm and PEBMC Medium with
supplements that will be nseded each day. Bring quaniity needed fo the sppropriate

femperniure.
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{66198] Day & Remove vial of hPEMCs from Hguid nitrogen tank. Promptly begin to
thaw vial in 37°C water bath without submerging cap. When there is 2 very small amount of

ioe visible, remove vial from water bath. Cleanse outside of vial with 709¢ sthanol.
B0ER%]  Transfer contents of vial 0 8 30 mi cenirifipe tube,

002881 Slowly add 49 m! of room temperature Basal PEMO Medium, dropwise, o cells.
Do not add 2 large velums of medium fo the cells at ons time. This may resalt in osmotic

shock.
{B0201]  Collect cells a1 280 x g for 15 mimses.
{B0202]  Kemove media from the tube, without disturbing the cell pellet.

{G0203]  Gently suspend the cell pellet in 10 mi PEBMC Medium, containing all

supplements, Count cells,
[B0204]  Seed cells into S-well tissue culture treated plate at 2-4 x 105 cells/ml,

{B0205]  Place plate in & humidified 37°C incubator under normoxic conditions {30.9% Oy,
5% CO.

[60206] Day 3: Transfor the cells to 2 13 mi centrifuge tube. Rinse well with | mi Basal
PEMC Medium. Colleet the cells 8¢ 200 x g for 5 minutes. Remove media from the fube,

without disturbing the cell peliet.

{02071 Gently suspend the oell pellet in 10 mi PBMC Medium, containing all

supplements, Count cells,
{00208]  Seed cells into G-well plate at 0.5-1 x 108 cells/ml,

{H0288]  Place plate in a humidified 37°C incubator under normoxie conditions {20.9% Oy
5% 09

j00218] Day 5 Prepare 6-well plate with L7 hPSC Matrix™ for Day § according to the

instruction nsert,
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{00211] Day 6 Remove matrix solution from G-well plate. Add 2 mi PRMC Medium,

containing all supplements, to each well nesded. Add 6 ! Episomal Enhancer A™ to each

well,

{00212] Pre-cquilibrate in a hypoxic humidified incubator at 37°C (3% Oy; 3% COy) for

one hour,

{08213] Remove cells from incubator. Transfer to 15 mi whe. Rinse well with | mi Basal
PBMC Medium, Count cells.

[08284] Transfer 1 X 10% cells to st lesst two 13 ml tubes.

{00215 One twbe will not be nucleofected and will be prepared as a genomic DNA

control. This controf can later be used to confirm the identity of the IPSC line (STR analysis)

{80216}  Transfer tube to centrifuge and collect calls at 200 x g for § minutes. Set control

tube aside until the nucleofection reactions are completed.

{217 For each nucleofection: Pipet 100 pl P3 Nucleofector™ Solution into one tfubs

containing Jug of Episomal Reprogramming Plasmid Mix™,
[08218] Remove supematant from cells that have been collscted in centrifuge tubes,
[G60219]  Suspend each tube of cells in the prepared nucleofection reagents (Step 200,

[0220]  Cell exposure to P3 Nucleofector™ Solution should be minimized. Prepare and

process only one tube at g time through the 40 Nucleofoctor™,

{88221  Transfer cells to Nucleoouvetie™ and place in 4D Nucleofector™., Avoid creating

bubbles Mucleofect cells using program EO-115.

{00222]  Using transfer pipet, supplied with Nucleofection™ Kit, add approximately 500 ul
pre-warmed PBMC Medium (containing all supplements} to the cuvette and transfer celis

directly into one wel of the equilibrated d-well plate.

j00223]  Place cells in a hypoxic humidified incubator at 37°C (3% Oy 5% COy) for two
days.
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Finish processing genomic DNA control sample: Remove medium from tube

containing cells set aside in step 18, Using a2 | ml serological pipet, Suspend cells in 1X PBS

and transfer to a 1.5 mli centrifuge tube. Centrifuge cells at 300 x g for 5 min. Carefully

remove supernatant. Flash-freeze cell peliet on dry ice and store sample at ~80°C.

[66225]

well with nuclesfected cells.

[B8226}
days.

106227

supplement

{08228]
days.

(06229

Pay & Add 2 mi L7 hPSC Culture Mediom™, containing supplement 1o each

Place cells in 2 hypoxic humidified incubator st 37°C (396 Qs 596 CO4) for two

Day 14: Replace medium with 2 wml L7 hPSC Culture Medium™, containing

Place cells in a hypoxic humidified incubator at 37°C (3% Oy 536 COp) for tweo

Continge with every-other-day media changss starting on Day 14: Replace

medium with 2 ml L7 #PSC Cultwre Medium™, containing supplement. Repeat medium

change every other day until colonies are large enough to subcultuge.

. Sigma
T-Thioglyeerod 4345145 200 pubd
A&D
Holo- Sysiems - .
sransierin mpimd |00 ppfmd
#2014-0T
. 10 mdd
Desamethason Sigma
¢ #1756 iiﬁ*{.;ﬁ”x fuM
BOF PeproToch HEs 160 ngfmid

ugfimi
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#IG00F {2,000%3
RE&D
Systems ;
EPO (fﬁ‘é‘g‘% 2 Uimi
H2BT-TL- ! ’
00
PeproTech
iL-3 HI0 1B pgiml | 10 ngfmi
—y Feprotech ;
HOF-3 $100-11 48 ng/pl | 40 ng/mi

{00238]  Subcuburing iPSC colonies: Prepare 12-well plate(s) with L7 hPSC Matrix™,

{06231]  Manually passage (P the initisl colonies present into separate wells using L7

RESC Cubure Medium™, containing supplement,

{0833%]  Place plate in 2 humidified 37°C incubator under normoxic conditions {20.8% O,
5% COn).

{$6333] Human IPSC cultures should be cultivated in 2 humidified 37°C incubator under
normoxic conditions {28.9% Oy; 5% COy) once colonies have been manually passaged to

new plates (step 36},

{00234]  For P3 and laier passages, use L7 BPSC Passaging Solution™, according to the

nstruction insert, to subculiure colonies during expansion.

Step 1, Experimental goal 1@ Determine the kinstics of veetor clearanee in PSCs by

regulating EBNA-I expression

{88335} For this experiment the EBNA-T sequence will be cloned downstream of the TRE
promoter from a2 functional TetOn vector to create the TetOn-EBNA-1 vector, In this system
EBNA-T expression will be sctivated in the presence of doxyeychine {Dox) {TetOn system).
Using the same cloning strategy, TetOn-eGFP vector will be created to use as a control ventor
for Tet regulation. To test the effect of repulated vs. constitutive EBNA-1 expression, a
vecior containing the CAG promoter driving EBNA-1 expression will be generated. Both the
TetOn-EBNA-1 vector and CAG-EBNA-1 vectors will be tested with and without the OriP
region. Finally, the ‘Test’ vector containg 2 constitutive eGFP expression cassetie (V40

promoter} and containg the (riP region. The “Test” veotor is the mimic of the standard
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vectors containing the reprogramming factors. See Table 1 for list and description of vectors

that will be used for exploring the effect of EBNA- regulation on episomal vector clearance.

196236}

ransfected cells will be maintained with or without Dox for 15 passages {see Table 2 for

The vectors will be co-iransfected in various combinations into IPSCs, and the

summary of transfection conditions and expscted effect). The expression of a GFP reporter
will be monitored when applicable. Cell pellets will be collected at every cell passage. The
status of vector clearance will b examined using qPCR vector detection screening assay at

avery 2-3 cell passages.

Table L. List of vectors to be used for exploring the effect of EBNA-1 regulation on episomal

vector clearance in iPSCs.

Vecior Description

TetOn-eGFP TetOn regulated oGFP

{activated by Dox)

Contred vector for TeiOn regulation

Tetn-EBNA-1 Tetn regulated EBNA-L

{activated by Dox}

Regulated EBNA-T vector

Constitutively expressed Constitutive ERNA-I vector

| CAG-EBNA-
; EBNA-L

CFetOnEENAT
| (Orip)

TetOn regulated EBNA-]
{activated by Dox}

Regulated EBNAAT vector

TCAG-EHNA
(O

Constitutively expressed Constitutive EBNA-T vector

EBNA-T

SV4G-eGFP (OnP) | Constitutively expressed Test vector - oGFP

siFP

Condition

trestment | Condition PUFPBGSE Expected sffect
SV 4D-cGFR {OniP) Mia Transfection Az vector is transient, fast
77777 efficlency control reduction of GFP
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and negative control
for veetor retention

exprassion is expected dus
to fast vector clearance in
about 2 weeks

SV40-2GFP {OniP) 1 CAG- R EE Yector ratention With the addition of
EBNA-1 {Onil) positive control EBNA-1 expression,
transient vector will behave
as an episomal vector,
Slow reduction of GFP
expression is expected due
to slow vector clearance in
>13 passages
TetOn-eGFP o Tt regulation Dox dependent expression
{multiple | control of GFP. Dox presence
concentat induces GFP expression,
ions may Fast vestor clesrance as
be tested) EBNA-I is absent
TetOn-eGFP ~Dox Tet regulation No induction of eGFP
control exprassion due to lack of
Dox. Fast vector clearance
as EBNA-1 is absent
SY40-eGFP {OniP) : TetOn- +ax Tet regulation of Dox dependent expression
EBNA-I {muitiple | EBNAI expression | of EBNA-! and
concentrat correspoading vecior
ions may clearance rate (>15
be tested) passages for high EBNA-1
expression).
SV4G-eGFP {OriP) : TetOn- ~Dox Tet regulation of No induction of EBNA-1
EBNA-T EBNAT exprassion | expression due to lack of
Dox. Fast vector clearance
in < 7 passages
SV4G-eGFP {(GriP) : TeiOn- +Dox Tet regulation of Dox dependent expression
EBNA-L {OriP) {multiple | EBNAT expression | of EBNA-~T and
soneentrat corresponding vector
jons may clearance rate {>15
be fested) passages for high EBNA-]
expression). OriP inclusion
on EBNA~ veotor may
further influsnce retention
kinetics.
SY40-eGFP (il : Tetln- «Lox Tet regulation of No induction of EBNA-1

EBNA-1 {OnP)

EBNAIT expression

expression dus to lack of
Dox. Fast vector clearance
in < 7 passages, OnP
inclusion on EBNA-]
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vector may further
influence retention kinstics,

Step I, Experimental goal 2: Test the effect of suicide gene incorporation on kinetics of
vector clearance in iIPSCs

{08237]  The sulcide pene Thymidine kinase {TK) sequence will be cloned into the SV40-
eGFP {OriP), TetOn-ERNA-1 and CAG-EBNA-T vectors described in Table 1 {see Table 3
for tist), The SV40-eGFP (OriP) vector will be used o provide transfection efficiency control
and as the ‘Test’ vector. Combinations of vectors for transfection are indicated in Table 4.
EBMA-1 vectors tested will initially contain OriP regions, but varianis not containing OriP

may also be tested {and so are included in Table 3} as appropriate.

{0238]  To determine the optimal concentration of GNC to uss with TK vectors, & kill
curve will be constructed according to siandard practices. iPSCs will be transfected with
SV40-eGFP-TK {QriP) followed by treatment with various ONC concentrations, 48hr after
transfection (see Table 4 for summary of transfection conditions and expected effect). Once
the optimal GNC concentration is determined, the experiment will be repeated with the
EBNA-] expression vectors, to verify #s response to the optimal GNC concentration. The
number of viable cells will be determined wsing Cell Titer-Gle fuminescence cell viability
assay {Promega). In addition, the number of apoplotic cells will be determined using

CellEvent™ Caspase-3/7 Green Ready Probes Reagent {Invitrogen}.

Table 3. List of vectors v be used for suicide gene activation in iPSCs.

Yector Description

SV40-eGFP TE {OniP) | Constitutively expressed oGFP with suicide géne {T&

TetOn-EBNA-1 TK Begulated EBNA~I with suicide gens (TK) expressed from constitutive
promotler

CAG-EBNA-I TR Constitutively expressed EBNA-I with suicide gene {TK}

Tetn-EBNA-T TK Regulated EBNA-T containing OriP with suicide gene {TK) expressed
{OriP} from constitutive promoter

CAG-EBNA-I TK Constitutive EBNA-I containing GriP with suicide gens {TK)
{OriF)
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Table 4. The summary of transfection conditions and expecied effect
Condition treatment Condition Expecied effect
purpose
SV40-GFP TK (OniP) ~GNC TK negative Lack of suicide gene {TX)
control substrate results in no cell
death
SV40-eGFP TK (OriP) ;. | «GNC TX negative Lack of suicide gene (TX)
{CAG-ERNA-T TK (OriP) control subsirate results in no cell
death
SY40-eGFP TK (OniP) +3.2 u GNC TK substrate results (GNC)
Hentify optimal | results in dose dependent
SV40-eGFP TK ((hiP) +2 uM GNC ONC induction of celf death
concentration
SV40-eGFP TK {(OriP) +20 uM GNC
?j‘ii?:ggiiz&?{g zggi;*} 02 pMGNC Identify optimal | TK substrate resulis {(GNC)
GNC results in dose dependent
SVAD-eGFP TK (ORP) ¢ 1 43 oM GNG concentration induction of cell death
CAG-EBNA-T TK (Ol
SVAG-eGFP TK (GriP) 1 {28 uM GNC
CAG-EBNA-T TK {(iP)
5V40-eGFP TR {OriP) ¢ | -Dox
TetOn-EBNA-1 TK ™ -
{OriFy -GINC neégatwg Lack of suicide gene (TK}
coniro substrate results in no cell
SVAR-eGFP TK (OriP) ;| +Dox death
TetOn-EBNA-1 TK
{OriF} -GNC
SV40-eGFP TK {riPy ¢ | -Diox
TetOn-EBNA-1 T . . TK substrate results (GNQ)
{QriF) With optimal gy
GNC resulis in dose dependent

concentration
as determined

SV40-eGFP TK {(OriP) :
TetOn-EBNA-1 TK
{OriP)

+Dox

With optimal
GNC
sonceniration

TK activation
positive control

induction of cell death. Dox
may influence vector refention
kinetics and thus influence
dose response,
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1 as determined

Step 2, Experimental goal 1: Promete veetor clearance in iPSC colonies by regulating
EBNA-I expression followed by suicide gene activation for vector-free eolony screening

{00238]  For this experiment reprogramming vectors will be created by cloning Octd, SoxZ,
KLF4, cMYC, Lin28§, and p33DD into OriP TK vectors, in place of SV40-cGFP used in Step
I experiments. In addition, TetOn-EBNA-1 TK vectors that were described above will be
used for EBNA-1 regulation and suicide gene activaiion (see Table 5 for the list and
description of vectors used for csllular reprogramming and vector clearance induction). To
induce cellular reprogramming, PRMCs will be co-nucleofected with Ootd-TK (OriB},
SoxZKLF4 TK (OriP), eMYC/Lin28 TK (OriP), mp33DD TK (OriP) and TetOn-EBNA-1

TK vectors,

{00240] Nucleofected cells will be plated onto PO plate and cultured as described in
reprogramming protocol (sse Appendix A for the reprogramming protocol) and cultured In
the presence of Dox to allow EBNA-] expression and the refention of the reprogramming
vectors, Colonies that appear on PO plate will be manually passed into ssparate wells and fed
with culture medium supplemented with Dox. PI colonies of each clone will be also passed
at 1:] ratio and fed with culture medium supplemented with Dox. P2 colonies of each clone
will be passed at 1:2 ratio to two wells and fed with culture medium supplemented with Dox.
P3 colonies of gach clone from two wells will be passed at 1:2 ratio to generate four replica
wells. Two wells of cach {PSC clone will be maintained in culture medium supplemented
with Dox, while the other two will be cultured in medivm without Dox. At P4, to induce cell
death of the coloniss that still retain the vector, GNC will be added o the cunlture medium of
two wells of each IPSC clone ~ one treated with Dox and one that is not treated with Dox.
Cell death should be observed in all colonies that are cultured with Dox. Surviving clones,
from the wells that were not treated with Dox will be further expanded. If no clone has
survived GNC treatment at P4, the remaining replica wells will be passed 1o PS and the
provess will be repeated till vector-free clones are identified. During the expansion process
cell pellets will be collected and analyzed using gPCR vector detsetion soreening assay to
confirm vector clearance {See Figure 1 depicting the procedure of IPSC colonles expansion
and analysis). As a positive control for the reprogramming process and the ability of the

given somatic cells to be reprogrammed, the cells will he nucleofocted with Okita
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reprogramming set  Okita, K. et all (23013). "An efficient nonvival method (o generate
integration-free human-induced pluripotent stom cells from cord blood and peripheral blood
cells.” Stem Cells 3113} 458-68).

Table 8. List of vectors to be used for cellular reprogramming and induction of vector

clearance followed by screening with suicide gene activation,

Yeetor Drescription
Octd-TK {OniP) Constitutively expressed (cotd, reprogramming vecior
§ Sox2/KLF4 TK {OniF) Constitutively active Sox2 and KLF4, reprogramming vector

eMYCLin28 TK (GniF) Constitutively active oMY and Lin28, reprogramming vector

| mpS300 TK (Grify Constitutively active pS53, reprogramming vector

TeiOn-EBNA-T TK TetOn regulated EBNA-T {activaied by Dox) and constitutively |
expressed suicide gene {TK)

TetOn-EBNA-T TK (OriP} | TetOn regulated EBNA-I {activated by Dox)} and constitutively
espressed suicide gene {TK]

Step I, Experimental goal 2: Determine the feasibility of induecing vector clearance at P8
plate by regulating EBNA-1 expression followed by suicide gene activation

{80241 Cellular reprogramming relies on the ability o conirol expression of
reprogramming {actors in somatic cells both in terms of absolute expression levels and

temporally. It is widely anticipated that current methods are sub-optimal in both respects.

100242] The timing of removing EBNA-1 induction {(by removing Dox from media) to
induce veetor clearance could potentially negatively affect the reprogramming efficiency. In
order to be able to pick IPSC colonies from the PO plate, as & pool instead of individual
colonies, the optimal time point for Dox withdraw, without affecting the reprogramming
efficiency, needs to be determined. For this experiment PBMCs will be co-nucleafected with
Octd TK {OriP), SoxZ/KLF4 TK (OriP), eMYCLin28 TK {(OriP), mp33DD TK (OriP) and
TetOn-EBMAL TK vectors, and culiured as described in the reprogramming protacol (see
Appendix A for the reprogramming protocol} in the presence of Dox 1o allow EBNA-1

expression and the reiention of the reprogramming vectors .
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{08243] Dox will be withdrawn from the cultwre medium at various time points after
nucleofection as shown in Table 6. Appesrance of iPSC colonies under the various
experimental conditions will be monitored using a phase microscope. When colonies are
large enough to subeulture, GNC will be added to the culture medium to activate TX and
select for survival of vector-free colonies.  Surviving colonies will be further picked and
expanded. During the expansion process cell pellets will be collected and analvzed using a
gPCR vector detection screening assay to confisrm vector clearance. As a positive control for
the reprogramuming process and the ability of the given somatic cells to be reprogrammed, the

cells will be nucleofected with Okita reprogramming set (Okita, Yamakawa et al. 2813)

Table 6, Experimental conditions and Dox removal schedule on PO plate

Well 122 Well 3-4 Well 5-6 Well 7-8
| E}ayi}—g """"""" +Dox +{3ox +Dax ~Dox
Day 816 +Dax +Dox ~Lox : ~Dox
Day 16-24 1 +Dox «ox ~Dox ~Lron
Day 24-28 | +Dox+GNC DexAONG | -Dox/0NC | Do/ +UNC
Condition | Test for new Test Dox withdraw effect on | Negative control for
PUrpoese reprogramming set | reprogramming officiency FepTOgramiming

Supporting data: Cytotoxic effect of the suicide gene substrate on BPSCs that do not
express the suicide gene,

{08244]  Since we propose to activate a suicide gens in somatic cells during or after cellular
reprogramming, the cytotoxic effect of ganciclovir and 5-FC on hiPSC that do not express the
respective suicide gene was tested. hiPSCs were cultured for 48 hours in the presence of
ganciclovir at a final concentration of 6.2, 2 or 20 pM and 5-FC st 5 final concentration of 1,
1 and 100 M were added to hiPSCUs. Cell were fixed and siained for alkaline phosphatase
activity after 48 hr. Staining results show no cytotoxic effect of ganciclovir or $-FC on
hPSCs. Additional experiments will determine the required levels of ganciclovir and 5-FC in

hiPSCs that express the suicide gene, to determine the minimum concentration required.

Pasitive effect of doxycyeline on hP8Cs
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[00245] EBNA-! regulation could be potentially achieved by using doxyeveline inducible
promoter system. A recent publication has reported that doxyeyeline exerts dramatic effects
on hP8Cs survival and self-renewal { Chang, M. Y, et al. "Doxyeycline enhances survival and
seff-renewal of human pluripotent stem cells.” Stem Cell Reports 3(21:333-64 (2014)).
Doxyeyeline effects are not associated with its antibacterial sction, but mediated by direct
activation of a PI3K-AKT intraceliular signal. These findings indicate doxycycline as a
useful supplement for stem cell cultures, facilitating their growth and maintenance, and

therefore no negative effects of using it to regulate EBNA-1 expression are anticipated,
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WHAT IS CLAIMED IS:

i. A method of producing induced human pluripolent stem cells {(iPSCs) that are
essentially free of reprogramming vector(s), comprising:

{a) introducing the reprogramming vector(s} into 8 human somatic cell to produce
a fiest cell population, wherein the reprogramming vector{s) comprises 3 virs! origin of
replication, an expression cessetle encoding an IPSC reprogramming factor, a synthetic
transcription factor, or both, and a sulcide gene;

(b} culturing the first cell population to effect expression of the reprogramming
factor, the synthetic transcription factor, or both, to produce 2 second cell population having
traits consistent with embryonic stem cells;

{2} contacting the second cell population with a suicide gens subsirate 1o produce

iPSCs that ars essentlally free of reprogramming vector{s).

2. The method of claim 1, whereln the suicide gene is selected from the group consisting

of thymidine kinsse and cytosine deaminase.
3. The method of claims 1 or 2, wherein the origin of replication is OriP.

4. The method of any one of claims | to 3, wherein the expression cassette comprises a
polynucleotide encoding EBNA-1 of EBY, a derivative of ERNA-1 that has a deletion of
residues 65 1o 89 of EBNA-1, a derivative of EBNA- that has & deletion of residues 90 to
328 of EBNA-L, or a derivative of EBNA-I that has a deletion of residues 65 0 328 of
EBNA-L

5, The methed of any one of claims | o 4, wherein the somatic cell is selected from the
group consisting of human peripheral blood mononuclesr cells, fibroblasts, kemtinocytes,

hematopoietic cells, mesenchymal calls, liver cells, stomach cells and P calls.

&. The method of any one of claims 1 o 5, wherein the iPSC reprogramming factor is
selected from the group consisting of one or more of Sox-2, Oct-4, Nanog, KLF4, eMYC,
Lin-Z8, and p53D0,

7. The method of any one of claims 1 to §, wherein the IPSC reprogramming factor is

selected from Sox-2, Ooi-d or both Sox-2 and Joted,



WO 2017/123789 PCT/US2017/013229
62

2 The method of any one of claims | {0 7, wherein the reprogramming factor comprises
Sox-2, Oot-4 and one or more of KLP4, oMY, Lin-28 and p53DD.

g The method of any one of claims | o 8, further comprising: {d) screening the cell

population of {c} for the prosence of the episomal reprogramming vector,

16, The method of claim 9, further comprising: {e) culiuring the screened cells of (d) that

de not contain the episomsl reprogramming vector,

Fi.  The method of any one of claims ¢ 1o 10, wherein the sereening comprises a gPCR

vector detection assay.

12, The method of any one of claims 1 to 11, further comprising after step (), but before

step {c}, subculiuring cells of the second cell population,

t3. The method of claim 12, wherein afier the subculturing, step {¢) occours without

further passaging.

4. A method of producing induced human pluripotent stem cells (iPSCs) that are
cesentially free of episomal reprogramming vector(s), comprising:

{2} introducing an episomal reprogramming vector{s} into a somatic cell to
produce g first cell population, wherein the episomsl reprogramming vector(s) compriss

{i) an OriP replication arigin,

{ii}  anexpression cassette encoding an iPSC reprogramming factor, a
synthetic transeription factor, or both,

{iify  a polynucieoiide encoding EBNA-I of BBV, a derivative of EBNA-
that has a deletion of residues 65 0 89 of BBNA-L, a derivative of
EBNA-1 that has a deletion of residuss 9010 328 of EBNA~L, ora
derivative of EBNA-T that has a deletion of residues 6§5-328, and

{iv} a2 thymidine kinase or cytosine deaminase suicids gone;

(b}  culturing the frst cell population to effect exprassion of the reprogramming
factor, the synthetic ranscription facter, or both, to produce a sscond cell population having
traits consistent with embryonic stem cells:

{c} contacting the second cell population with a suicide gens subsirate to produce

iPSCs that are essentially free of an episomal reprogramming vector.
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15, The method of clalm 14, wherein the somatic coll is selecied from the group
consisting of human periphers] blood mononuclear cells, fibroblasts, keratinooyies,

hematopoietic cells, mesenchymal cells, liver cells, stomach cells and B cells.

16, The method of any one of claims 14 to 15, wherein the IPSC reprogramming factor is
selecied from the group consisting of one or more of Sox-2, Qot4, Nanog, KLF4, oMY,
Line28, and pi3DD,

17.  The method of any one of claims 14 to 16, wherein the IPSC reprogramuming factor

comprises Sox-2, Oct-4, or both Sox-2 and Oct-4.

I8, The method of any one of claims 14 to 17, wherein the IPSC reprogramming factor

comprises Sox-Z, Oot-4 and one or more of KLF4, oMYC, Lin-28 snd p33DD,

12, A method of producing induced human pluripotent stem cells (iPSCs) that are
essentially free of a reprogramming vector, comprising:

{a} infroducing a reprogramming vector into 8 somatic el to produce a first cell
population, wherein the reprogramming vector comprises (i} a viral origin of replication, (i)
an expression cassetie encoding an iPSC reprogramming factor, a synthetic transcription
factor, or both, (i) a gene regulating extrachromosomal replication and partitioning of the
reprogranuning vector, and (v) a regulated promoter system;

(b} culturing the fArst cell population o offect expression of the reprogramming
factors, the synthetic transeription factor, or both, to produce a second cell population haviag
traits consistent with embryonic stem cells, wherein during culture of the Girst cell population
the episomal reprogramming vecior is replicated;

{c}  culturing the szcond cell population wherein the gens regulating
extrachromosomal replication and partitioning of the reprogramming vecior is regulated such
that the reprogramming vector is lost during cell division to produce iIPSCs that are

sssentially fres of the reprogramming vector,

20.  The mathod of claim 19, whereln the gene reguisting transcription of the episomal

reprogranuming vector comprises a tetracycline or tetracycline derivative activated system.

21, The method of claim 20, wherein doxycyeling is present during the culturing in step

{b} and doxyeyeline is sbsent in step {¢).
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22, The method of claim 28, wherein doxycycline is sbsent during the culturing in step

{b} and doxyeycline is present in step (&)
23.  The method of any one of claims 19 (0 22, wherein the origin of replication is OriP.

24.  The method of any one of claims 19 10 23, wherein the expression cassetie comprises
a polynucieotide ncoding EBNA-1 of BBV, a derivative of EBNA-I that has a deletion of
residues 65 0 89 of EBNA-L, a derivative of ERNA-1 that has a deletion of residues 90 to

328 of EBNA-L, or a derivative of EBNA-] that bas a deletion of residues 65-328 of ERNA-
i

253, The method of any one of claims 19 w0 34, wherein the somatic cell is selected from
the group consisting of human peripheral blood mononuclesr cells, fibroblasts, keratinonyies,

hematopoletic cells, mesenchymal cells, liver cells, stomach cells and 8 cells.

26.  The method of any one of claims 19 10 25, wherein the iPS reprogramming factor is
selected from the group consisting of one or more of Sox-2, Oot-4, Nanog, KLF4, oMY,
Linv28, snd p53DD,

2%, The method of any one of claims 19 10 26, wherein the iP5 reprogramming factor

sovaprises Sox-3, Oot-4 or Sox-2 and Oot=4.

28, The method of any one of claims 19 1o 27, wherein the reprogranuming factor

comprises Sox-2, Oot-4 and one or more of KLF4, ¢MYC, Lin-28 and p3300,

29, The method of any one of claims 19 to 28, further comprising: (d) screening the cell

population of (v} for the presence of the episomal reprogramming vector.

30, The method of claim 2%, further comprising: (&) culturing the screened cells of {d)

that do not contain the episomal reprogramming vector.

3. The method of any one of claims 29 10 30, whersin the sereening comprises 2 gPCR

veotor detection assay.

32, The method of any one of claims 19 10 31, further comprising passaging the first cell

population.
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33 The method of any one of claims 19 to 31, wherein step {¢) ocours without passaging

of the first cell populstion,

5

34, A method of producing induced human pluripotent stem cells (IPSCs) that are
sszentially free of an episomal reprogramming vector, comprising:

{a} introducing an episomal reprogramming vector into a somatic cell to produce
a first el population, whereln the episomal reprogramming veotor comprises

{i} an Onif replication origin,

(it}  an expression cassetie encoding an iPSC reprogramming factor, a
synthetic transcription factor, or both,

(it} & polynuclectide encoding EBNA-1 of EBV, & derivative of EBNA-1
that has 2 deletion of residues 65 to 8% of EBNA-1, a derivative of
EBNA-1 that has a deletion of residues 80 1o 328 of EBNA-I, ora
derivative of ERMA-1 that has a deletion of residues 65 to 328 of
EBNA-L, and

{ivi  atetracycline or teivacveline derivative repulated promoter system
{Tetn or Tes3h),

{b}  culturing the first cell population to produce a second cell population having
traits consistent with embryonic stem cells, wherein during culturing the episomal
reprogramming veetor is replicated;

{e}  culturing the second cell population to produce a third cell population, wherein
during culturing the episomal reprogramming vector is not replicated;

{d}  sslecting colonies from the third cell population io produce a fourth cell
population; snd
{2} culturing the fourth cell population to produce IPSCs that are essentially free

of the episomal reprogramming vector,

35, The method of claim 34, wherein the somatic cell is selected from the group
consisting of filvoblasts, keratinocytes, hematopoietic colls, mesenchymal cells, liver cells,

stomach cells and § cells,

&

3. The method of any of claims 34 1o 35, wherein the iPS reprogramming factor is
selected from the group consisting of one or more of Sox-2, Oot-4, Nanog, KLF4, eMYC,
Lin-28, and pS3DD,
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37, The method of any of claims 34 {6 36, wherein the IPS reprogramming facior

comprises Sox-2, Oct-4 or Sox-2 and Qot-4,

38.  The method of claims 34 to 37, wherein the reprogramuming factors comprisss Sox-2,
Cet-4 and one or more of KLF4, cMYC, Lin-28 and p33DD,

38, A method of producing induced human pluripotent stemy cells (iPSCs) that are
essentially free of a reprogramiming vector, comprising:

{a} introducing a reprogramming vector inlo 2 somatic cell to produce a first cell
population, wherein the reprogramming vector comprises {3} a viral origin of replication, (it}
an expression cassetie encoding an IPSC reprogramming factor, a synthetic ranscription
factor, or both, (iil} 2 gens regulating extrachromosomal replication and pastitioning of the
reprogramming vector, {iv) a regulated promoter system and {v} a suicide gene;

{6y culturing the first cell population to effect expression of the reprogramming
factor, the synthetic ranscription facior, or both, to produce a second cell population having
traits consistent with embryonic stem cells, whereln during culture the reprogramiming vecior
is replicated;

{) culturing the second cell population wherein the gene regulating
extrachromosomal replication and partitioning is regulated such that the reprogramming
vector is Jost during celf division, to produce a third calf population comprising IPSCs that are
substantially fres of the reprogramming vector;

{d}  contacting the third cell population with a suicide gene substrate to produse

iPSCs that gre essentially free of the reprogramming vector.

40, The method of claim 38, whersin the suicide gene is sclected from the group

consisting of thymidine kinase and cytosine deaminase.
41, The method of claims 39 or 40, wherein the origin of replication is OriP,

42, The method of any one of claims 3% to 41, whereln the sxpression cassetie comprises
a polynucleotide encoding EBMNA-1 of EBV, a derivative of EBNA-1 that has g deletion of
residues 63 to 89 of EBMNA-L, a derivative of EBNA-1 that has a deletion of residues 90 to
328 of EBNA-L, or a derivative of BEBNA-1 that has a deletion of residuss 65-328 of EBNA-~
{.
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43.  The method of any one of claims 39 1o 42, wherein the somatic cell is selected from
the group consisting of fibroblasts, keratinocytes, hematopeletic cells, mesenchymal cells,

Hver cells, stomach cells and B cells,

44, The method of any of claims 39 to 43, wherein the iPSC reprogramming factor is
selected selected from the group consisting of one or more of Sox-2, Qet-4, Manog, KLF4,
eMYC, Lin-18, and p5300,

45.  The method of any of claims 39 to 44, wherein the iPSC reprogramming factor

comprises Sox-2, Oct~4 or Sox-2 and Oct-4.

46.  The method of any one of claims 39 to 45, wherein the reprogramming factor

comprises Sox-2, Get-4 and one or more of KLF4, oMY, Lin-28 and p330D.

47, The method of any one of claims 3% to 46, wherein the gens regulating franseription
of the expression cassefte encoding the IPSC reprogramming factor comprises  tetmcycline

or tetracycline derivative activated system.

48.  The method of any one of claims 39 10 47, wherein doxyeyeling is present during said

culturing in step (b} and doxyeveline is absent in step (o).

4%, The method of any one of claims 39 to 47, wherein doxyeyeline is absent during said

culturing in step (b) and doxyeyeline is present in step (o).

50, The method of any one of claims 39 to 49, further comprising: (2} soreening the third

call population of {d) for the presence of the episomal reprogramming vector,

31, The method of any one of claims 39 to 50, wherein cells in the third cell population of

{d} that comprise an episomal reprogramming vector are not cultured.

52, 'The method of any one of claims 9 to 10, whersin the soreening comprises a2 gPCR

veolor detection assay.

3. The method of any one of claims 1 to 11, further comprising passaging the first cell

popuiation.

31, The method of any one of elaims 1 o 11, wherein step (¢} ocours without passaging

of the first cell population.
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33, A method of producing indoced human pluripotent stem cells (IPSCs) that are
essentially free of an episomal reprogramming vector, comprising:

{a} introducing an episomal reprogramming vector into a somatic cell to produce
a first cell population, wherein the episomal reprogramming vector comprises:

{i} an OriP replication origin,

{(if}  an exprossion cassette encoding an IPSC reprogramming factor, a
synthetic transcription factor, or both,

(iti} 8 polynucleotide encoding EBNA-1 of EBY, s derbvative of EBNA]
that has a deletion of residues 63 to 89 of ERNA-1, a derivative of
EBNA-T that has » deletion of residues 30 t0 328 of EBNA-L, orors
derivative of EBNA-T that has s deletion of residues §5-328 of EBNA-
IR

{iv} atetracycline or derivative regulated promoter system {TetOn or
Tt and

(¥}  athymidine kinase or oyiosine deaminase suicide gene;

() culturing the first cell population to sffect expression of the reprogramming
factors to produce a second cell population having traiis consistent with embryonic stem
cells, wherein during culturing the episomal reprogranuming vector is replicated;

{c} culturing the second coll population to produce a third cell population
comprising iIPSCs that are substantially free of the spisomal reprogramming vector, wherein
during culturing of the second cell population, the episomal reprogramming vector Is not
replicated;

{d}  contacting the third cell population with a sulcide gene substrate to produce

iPECs that are essentially free of the episomal reprogramming vestor,

53, The method of claim 82, wherein the IPS reprogramming factor s selected from the

group consisting of one or more of Sox-2, Oct-4, Manog, KLF4, cMYC, Lin-28, and p53DDL

34.  The method of any one of claims 52 to 53, wherein the IPS reprogramming facior

comprises Sox-2, Oct-4 or Sox-2 and Qot-4,

35, The method of any one of claims 52 1o 54, wherein the reprogramming fctor

comprises Sox-2, Oet-4 and one or more of KLF4, oMYC, Lin-28 and p33D0.

6.  An episomal reprogramming vector comprising:



WO 2017/123789 PCT/US2017/013229
69

{a} an OriP origin of replication;

(b}  an expression casselte encoding an IPSC reprogramming factor, a synthetic
tanscription factor, or both, and

{c} & polynucleotides molecule encoding EBNA-] of BBV, a derivative of EBNA-
I that has a deletion of regidues 65 to 89 of EBENA-I, 2 derivative of FENA- that has »
deletion of residues 90 to 328 of EBNA-L, or a derivative of EBNA-] that has a deletion of
residues 65-328 of EBMNA-I; and

{c} & suicide gene.

37.  An episomal reprogramming vector comprising:

{2} an {hiP origin of replication;

(b}  an expression cassette encoding an IPSC reprogramming factor, a synthetic
transcription factor, or both,

{c} a polynucleotide moleculs encoding EBNA-1 of EBY, a derivative of EBNA-
i that has 3 delstion of residues 65 t0 89 of EBNA-1, a derivative of EBNA- that has a
delfetion of residuss 90 to 328 of EBNA-1, or a derfvative of EBNA-1 that has a deletion of
residues 65-328 of EBMA-I; and

{d} = thymidine kinase or eyviosine deaminase suicide gene.

38.  An episomal reprogramming vector comprising:

{a} an OriP origin of replication;

(&3 an expression cassette encnding an IPSC reprogramming factor, a synthetic
transeription factor, or both,

{c} 2 polynucisotide molscole encoding EBNA-1 of BBV, & derivative of EBNA-
I that has a delstion of residues 63 to 89 of EBNA-1, a derivative of EBNA-1 thet has a
deletion of residues 80 to 328 of EBNA-L, or a derivative of EBNA-1 that has a deletion of
residues 65-328 of EBNA-; and

{d}  areguiated promoter system,

3%, Anepisomal reprogramming vector comprising:

{a} an OniF origin of replication;

{b} an expression casselte encoding an IPSC reprogramming factor, a symthetic
transeription factor, or both,

{c} a polynucleotide molecule encoding EBNA-1 of EBV, a devivative of EBNA-1
that has a8 deletion of residues 65 to 8% of EBNACL a derivative of EBNA-T that has s
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deletion of residuss 90 to 328 of EBNA-L, or a derivative of EBNA-1 that has a deletion of
restdues 654328 of EBMA-T; and
dy a2 TetOn or Tetf system.

80, An episomal reprogramming vector comprising:

{a} an JriP origin of replication;

(b}  an expression cassetis encoding an iPSC reprogramming factor, a synthetic
transcription factor, or both;

{e} a polynuciectide molecule sncoding EBNA-1 of BBV, a derivative of EBNA-
{ that has a deletion of residues 65 1o B9 of ERNA-L, g derivative of BENA-1 that has s
deletion of residues 90 to 328 of EBNA-1, or 2 derivative of EBNA-1 that has a deletion of
residues 65-328 of ERNA-T; and

{d) a Tetn or Tel(HY sysiem; and

{e} a suicide gene.

61.  An episomal reprogramming vector comprising:

{a} an OriP replication origin,

{h} an expression cagsetie encoding an IPSC reprogramming factor, a synthetic
transeription factor, or bothy;

{c} a polynuclectide encoding EBNA-1 of BBV, a derivative of EBNA-] that has 2
deletion of residuss 85 to 89 of EBNA-~, a derivative of EBNA-1 that has s deletion of
residuss 90 to 328 of EBNA-], or a derivative of EBNA-I that has a deletion of residues 85~
328 of EBNA-L:

{d)  aTetn or TetOff system, and

{e} 8 thymidine kinase or cytosine deaminase suicids gene.

62, The vector of any one of claims 56 to 61, whersin the IPSC reprogramming factor is
selected from the group consisting of one or more of Sox-2, Qot-4, Nanog, KLF4, cMYT,
Lin-28, and pS30D.

&3, The vector of any one of claims 36 to 62, wherein the IPSC reprogramming factor

comprises Sox-2, Oct-4 or Sox-2 and Oci-4.
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84.  The vector of sny one of clabms 56 to 63, whersin the reprogramming factors
comprises S0x-2, Oct~4 and one or more of KLF4, eMYC, Lin-28 and pS3DD.
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