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ENHANCED EFFICIENCY OF INDUCED
PLURIPOTENT STEM CELL GENERATION

FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT

[0001] This invention was made with Government support
under contracts HL0O64274 and OD0044377 awarded by the
National Institutes of Health. The Government has certain
rights in this imvention.

BACKGROUND OF THE INVENTION

[0002] The generation of pluripotent stem cells that are
genetically identical to an individual provides unique oppor-
tunities for basic research and for potential immunologically-
compatible novel cell-based therapies. Methods to reprogram
primate differentiated somatic cells to a pluripotent state
include differentiated somatic cell nuclear transter, differen-
tiated somatic cell fusion with plurnipotent stem cells and
direct reprogramming to produce induced pluripotent stem

cells (1PS cells) (Takahashi K, et al. (2007) Cell 131:861-872;
Park 1 H, et al. (2008) Nature 451:141-146; Yu I, et al. (2007)
Science 318:1917-1920; Kim D, et al. (2009) Cell Stem Cell
4:4°72-476; Soldner F, et al. (2009) Cell. 136:964-977; Hua-
ngiu D, et al. (2008) Nature Biotechnology 26:1269-12735; L1
W, et al. (2009) Cell Stem Cell 4:16-19).

[0003] These methodologies, however, are characterized
by a low reprogramming efficiency and in most cases, unde-
sirable modification of the genome with integrating viral
vectors. Higher elficiency methods, and methods that do not
permanently modily the genome of the cell are of great inter-
est.

[0004] Additional publications of interest include Stadtteld
et al. Science 322, 945-949 (2008); Okata et al. Science 322,
949-9353 (2008); Kan et al. Nature 458, 771-775 (2009);
Soldner et al. Cell 136, 964-977 (2009); Woltjen et al. Nature
458, 766-770 (2009); Yu et al. Science (2009).

SUMMARY OF THE INVENTION

[0005] Compositions and methods are provided for produc-
ing induced human pluripotent stem cells (1PS cells). In some
methods of the invention pluripotency 1s induced 1n somatic
cells by introducing into the cells one or more minicircle
DNA vector(s) encoding a plurality of reprogrammaing factors
operably linked to a promoter; and maintaining the cells 1n
culture for a period of time sufficient to reprogram the
somatic cells to pluripotency. In certain embodiments a single
minmicircle DNA vector 1s utilized, where the vector comprises
a plurality of reprogramming factor coding sequences, and
where the combination of factors present on the single vector
1s suilicient to induce pluripotency.

[0006] Also provided are pluripotent stem cell populations
comprising a minicircle vector, particularly a single
minmicircle DNA vector comprising a plurality of reprogram-
ming factor coding sequences sullicient to induce pluripo-
tency. The pluripotent stem cell populations may be provided
as a cell culture, optionally a feeder-layer free cell culture.
Various somatic cells find use 1n the methods; of particular
interest are adipose-derived stem cells.

[0007] Minicircle vector compositions are provided, where
the municircle vector comprises one or a plurality of
sequences encoding reprogramming factors. In some
embodiments the vector comprises a plurality of reprogram-
ming factor coding sequences, where the combination of

Jul. 2, 2015

factors present on the single vector 1s suificient to induce
pluripotency. The plurality of coding sequences may be oper-
ably linked to a single promoter, where coding sequences are
separated by seli-cleaving peptide sequences. A non-limiting,
example of factors sufficient to reprogram a somatic cell to
pluripotency 1s: Oct4, Sox2, Lin28, and Nanog. An alterna-
tive non-limiting example of factors suilicient to reprogram a
somatic cell to pluripotency 1s: Oct4, Sox2, c-Myc, and K114.
In some embodiments, the minicircle vectors are optimized to
remove expression-silencing bacterial sequences, where in
many embodiments the vectors include a unidirectional site-
specific recombination product sequence in addition to an
expression cassette.

[0008] In other methods of the invention adipose-derived
stem cells are induced to pluripotency by contacting a popu-
lation of human somatic cells with a cocktail of reprogram-
ming factors; and maintaining the cells 1n a feeder-layer free
culture medium for a period of time suificient to reprogram
said human somatic cells to pluripotency.

[0009] The pluripotent cells derived by the methods of the
invention may be used for transplantation, for experimental
evaluation, as a source of lineage and cell specific products,
and the like. These and other objects, advantages, and features
of the invention will become apparent to those persons skilled
in the art upon reading the details of the subject methods and
compositions as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-

sary lee.

[0011] Theinvention 1s best understood from the following
detailed description when read in conjunction with the
accompanying drawings.

[0012] FIG. 1. Generation of 1PS cells with minicircle vec-
tor. a, Representative day 18 cluster of mc-1PS cells. The
cluster shown here exhibited transgene expression, as seen by
GFP detection. GFP-negative colonies were 1solated for fur-
ther analysis. b, mc-1PS cells are positive for alkaline phos-
phatase, ¢, immunostain for common embryonic markers,
and d, express embryonic genes, including reactivation of
endogenous Oct4, Sox2, Nanog and Lin28. As negative con-
trol, 293FT cells were transfected with the minicircle vector
(293-MC) but did not express the same endogenous genes.
(Note: H9 1s the H9 human ES cell line. 1iPSC-1s denotes a
mc-1PS cell colony subclone derived from Donor 1, 1PSC-2s
subclone from Donor 2, etc). e, Bisulfate sequencing shows
hypomethylation within the promoters of Oct4 and Nanog in
the three mc-1PS cell subclones. 1, Microarray data. Upper
panel, heat map showing two mc-1PS cell subclones are simi-
lar to H7 human ES cells and distinct from hASCs. Lower
panel, scatter plots highlighting Oct3/4, Sox2, and Nanog
expression (red arrows). Green lines indicate S-fold changes
in expression levels between paired samples (1IPSC represents
the average of both subclones). g, Southern blot analysis of
genomic DNA confirms that mc-1PS subclones are transgene
free, as determined by the number of copies o1 Oct4 and Sox2.
Aspositive control, lentivirally-reprogrammed 1PS cells from
the James Thomson lab (JT-1PSC) exhibited multiple bands
for each of the two genes. h, mc-1PS cells had normal diploid

karyotype.
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[0013] FIG. 2. Plunipotency of mc-1PS cells. a, RT-PCR
analysis of pluripotent markers (Oct4, Nanog and Rex1) and
various differentiation markers for the three germ layers (ec-
toderm: Sox1, Pax6; mesoderm: Brachyury, Flk1; endoderm:
Sox17, INF36). Undifferentiated (U) mc-1PS cells; differen-
tiated (D) mc-1PS cells after 8 days suspension culture fol-
lowed by 8 days adherent culture. b, Multiple cell types were
differentiated from mc-1PS cells. See Supplementary FI1G. 7
and Supplementary Video 1 for further characterization. c,
Subcutaneous injection of mc-1PS cells causes teratomas 1n
SCID mice consisting of all three embryonic germ layers,
including epithelial cells (ectoderm), cartilage (mesoderm),
and glandular structures (endoderm). Tissue sections from
subclone mc-1PSC-1s are shown as representative.

[0014] FIG. 3. Map of the P2Phi1C31-LGNSO plasmid and
schematic of minicircle DNA generation. a, The reprogram-
ming cassette 1s driven by a CMYV promoter and mounted in a
minmicircle DNA vector (P2PhiC31). Lin28, GFP, Nanog,
Sox2, and Oct4 coding regions are linked by 2A peptide
sequences. b, The four reprogramming factors and GFP are
transcribed into a single messenger RNA, then translated into
individual proteins mediated by seli-cleavage peptide 2A. c,
The minicircle vector, when delivered into £. celi and cul-
tured under induction conditions, can be purified by removing,
the bacteria elements and leaving just the reprogramming,
cassette.

[0015] FIG. 4. Validation of reprogramming factor co-ex-
pression after minicircle DNA transfection of 293FT cells. a,
Immunofluorescence demonstrates co-expression of Oct4,
Sox2, Nanog, and Lin28. Note that Oct4, Sox2, and Nanog
are primarily nuclear-localized, whereas Lin28 1s in the cyto-
plasm, as expected. b, Western blot confirms the expression of
individual proteins in mimcircle-transfected 293FT cells
(293-MC). Transfected cells expressed the proteins at levels
similar to H9 human ES cells (H9). 293FT cells without

minmcircle (293) were used as negative control.

[0016] FIG. 5. The relative expression of Kli4 and ¢c-Myc
are higher in hASCs compared to H9 human ES cells, as
detected by quantitative PCR. 18S was used as housekeeping
gene. Data are from three biological replicate experiments. *
p<<0.05 compared to H9, ** p<<0.01 compared to H9. The error
bars represent the standard deviation from three independent
experiments.

[0017] FIG. 6. Using nucleofection, minicircle DNA trans-
tects hASCs more efficiently compared to regular plasmid
(10.8+£1.7% vs. 2.7+£0.8%) as analyzed by flow cytometry 48
hours after transfection. Both minicircle and plasmid vectors
contained identical reprogramming factor plus GFP expres-
s10n cassettes. Representative data from 1 (of 3) independent
experiments 1s shown.

[0018] FIG. 7. Minicircle DNA gives stronger and more
persistent expression compared to regular plasmid. a, hASCs
were transiected with either minicircle or regular plasmid that
carried the same expression cassette (CMV-driven, double-
tusion GFP-firefly luciferase reporter gene). Shown here are
representative bioluminescent images after transiection of in
vitro cell cultures at the indicated time points. b, Quantitative
photon counts demonstrate increased luciierase expression in
minmcircle-transiected cells compared to regular plasmid over
72 hrs. ¢, Quantitative PCR for GFP shows continued higher
expression of the minicircle transgene compared to regular
plasmid over 12 days. For both experiments, the error bars
represent the standard deviation from three independent
experiments.
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[0019] FIG. 8. Sensitivity of Oct4 and Sox2 probes used 1n
Southern blot. Shown are serial dilutions of biotinylated DNA
probes that are spotted on BrightStar*-Plus nylon membranes
(Ambion). Detection of minicircle DNA was performed
according to the manufacturer’s protocol. These results dem-
onstrate that the sensitivity limit 1s ~1 pg for both probes.

[0020] FIG. 9. In vitro differentiation of mc-1PS cells. a,
Differentiation into neural progenitors, as indicated by the
neuron-specific markers Tujl and Sox17/. b, Differentiation
into endothelial cells. (I, I1) Atday 12, EBs were collected and
digested by Liberase Blendzyme IV and CD317 cells were
isolated by flow sorting. (III, IV) CD31™ cells were sub-
cultured in EGM-2 medium (Clonetics) to expand and induce
endothelial maturation. FACS analysis shows a majority of
cells express CD31. (V) Endothelial tube formation after 12
hours of plating on Matrigel in 24-well plates. (VI) Uptake of
Dil-acetylated-LDL (red) by 1PS cell-derived endothelial
cells. Images are representative of three independent experi-
ments.

[0021] FIG. 10. Tracking the appearance and growth of an
ES cell-like colony by immunostaining the living cells with
TRA-1-60 1n feeder-free reprogramming. Adult hASCs were
seeded on Matrigel-coated surface without MEF feeder cells.
The living cells were stained repetitively with TRA-1-60
monoclonal antibodies and AlexaFluor 488 secondary anti-
bodies over the indicated period. Day 18 and 22 images are
presented both in fluorescent and phase contrast microscopy.
Note that TR A-1-60 expression was specific for the ES cell-
like colony. (Scale bar, 100 um.)

[0022] FIG. 11. Characterization of hASC-1PS cells. (A)
Immunostaiming of hASC-1PS cell colomes with common
hES cell markers. The two phase contrast microscopies show
a typical hASC-1PS cell colony growing on MEF feeder cells
and feeder-free Matrigel surface, respectively. (Scale bars,
100 um.) (8) Quantitative-PCR analyzing pluripotency gene
expression level within hASCs and hASC-1PS cells relative to
those 1n H9 hES cells. 1PS 11-4 denotes 1PS cell line #4
derived from individual 1. (C) Bisulphite pyrosequencing

measuring methylation status within the promoter region of
Oct4 and Nanog genes i H9 hES cells, hASC-1PS cells,

hASCs, and IMR90 cells. TSS, transcription start site. (D)
Microarray data comparing global gene expression profiles of
hASCs, hASC-1PS cells, and hES cells. Upper panel, heat
map and hierarchical clustering analysis by Pearson correla-
tion showing hASC-1PS cells are similar to hES cells and
distinct from hASCs. Lower panel, scatter plots comparing
global gene expression patterns between hASCs, hASC-1PS
cells, and hES cells. Highlighted are the pluripotency genes
Oct4, Sox2, and Nanog (red arrows). The green diagonal lines
indicated linear equivalent and 5-fold changes in gene expres-
sion levels between paitred samples.

[0023] FIG.12. hASC-1PS cells are pluripotent. (A) hASC-
1PS cells form EBs and can differentiate to cells of (8 and C)
endoderm [a-fetoprotein (AFP) and sox17], (D) mesoderm
(desmin), and (E and F) ectoderm (Tuj-1 positive motor neu-
rons) lineages. (F) Represents the enlarged view of the boxed
area 1n (E). (Scale bars, 100 um.) (G-L) Upon injection into
nude mice, hASC-1PS cells form (G) teratoma 1n vivo, which
contains tissues of all three embryonic germ layers, such as
(H) neural epithelium (ectoderm), (I) smooth muscle (arrow)
and (J) adipose tissue (mesoderm), and (K) gut epithelium
and (L) respiratory epithelium (endoderm).

[0024] FIG. 13. Comparison of pluripotency and stem cell
marker expression in hASCs with those in hES cells and
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IMRO90 cells. (A) Representative histograms of FACS analy-
s1s showing hASCs expressed AP and mesenchymal stem cell
markers CD44, CD90, and CD146 but not any of the pluri-
potency markers, such as Oct4, Nanog, TRA-1-60, TRA-1-
81, and SSEA-4. Numbers indicate percent of positive cells
that expressing each respective marker. (8) Quantitative
analysis of cell markers expression in hASCs, H9 hES cells,
and IMR90 cells by FACS. (C) AP staining of hASCs and
IMR90s cultured in dish. Some hASCs express high AP activ-
ity (upper panels) while IMR90s (lower panels) did not.
(Scale bars, 100 um.) (D) Quantitative-PCR analysis of
expressions level of pluripotency genes and reprogramming
tactors 1n hASCs and IMR90 cells relative to those in H9 hES
cells. Note that KIf2 data were normalized to that of IMR90
cells.

[0025] FIG. 14. Diagram showing the lentiviral constructs
containing human Oct4, Sox2, K114, and c-MYC genes used
for lentiviruses production. The pLL3.7 lentiviral plasmid
was modified and used as the backbone for cloning human
Oct4, Sox2, K14, or c-MY C driven under the CMV promoter.
[0026] FIG. 15. (a) A typical ES cell-like colony and (b)
non-ES cell-like colony derived from reprogramming hASCs
on day 12 after transduction. (Scale bar, 100 um.)

[0027] FIG. 16. The staining patterns of TRA-1-60 on hES
cells and the ES cell-like putative hASC-1PS colonies were
comparable with those of TRA-1-81 immunostaining. Leit
column, TRA-1-60 immunostaining (green, right panel) of
H7 hES cells and the ES cell-like colonies of hASC repro-
gramming (day 18 after transduction) on Matrigel. Two rep-
resentative colonies were shown for each cell type, and the
left panels were phase images of the colomes. Right column,
TRA-1-81 immunostaining (green, right panel) of H7 hES
cells and the ES cell-like colonies of hASC reprogramming
(day 18 after transduction) on Matrigel. Note that both TRA-
1-60 and TRA-1-81 staining were specific for the hES cells or
the reprogrammed ES cell-like hASC-1PS colonies and
exhibited similar pattern of small dense dots spread on the
surface of the cells. The overall appearances of TRA-1-60 and
TRA-1-8]1 immunostaining were also similar for the entire
hES cells or the reprogrammed ES cell-like colonies.

[0028] FIG.17.Non-ES cell-like colomes with background
nonspecific TRA-1-60 immunofluorecence and ES cell-like
colomies negative for TRA-1-60. (A-C), Representative non-
ES cell-like colonies with background nonspecific TR A-1-60
immunofluorescnence. (D-F), An ES cell-like colony (arrow)
negative for TRA-1-60 immunofluorescence and a non-ES
cell-like colony (arrow head) with partial background non-
specific TRA-1-60 mmmunofluorescence. (Scale bar, 100
pm.)

[0029] FIG. 18. Immunostaining of TRA-1-60 and endog-
enous Nanog expression of the ES cell-like colonies appeared
day 16-18 posttransduction. Shown are three representative
ES cell-like colonies that were positive for TRA-1-60 (green)
and Nanog (red). Nuclei were stained blue with DAPI. Note
that the phase 1mages of the ES cell-like colonies lost the
typical light refractive properties after fixation for immun-
ostaiming. (Scale bars, 50 um.)

[0030] FIG. 19. hASC-1PS cells have a normal karyotype.

Representative 1mages showing 1PS cells derived from
hASCs of individual 1 (I1) have the same normal 46, XY

karyotype.
[0031] FIG. 20. Teratomas containing cells from three
germ layers developed from 1PS cell lines mjected 1nto the

dorsal tflank of nude mice. (a-c) Representative images of
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three teratomas developed from three different feeder-free
derived hASC-1PS cell lines. (d and g) Neuroectoderm (ar-
rows). (¢ and h) Muscle tissue (mesoderm) (arrows). (t) Gut
epithelium (endoderm) (arrow). (I) Respiratory epithelium
(endoderm) (arrow).

[0032] FIG. 21. Immunostaining of ES cell marker expres-
sion within H7 hES cells and within hASCs. Note that hASCs
shown here formed the colony forming unmit-fibroblast (CFU-
F) 1n the center and expressed SSEA-3 within the CFU-F but
not 1n surrounding idividual cells. hASCs did not express
other ES cell markers that were positive in H7 cells. (Scale

bars, 100 um.)

DETAILED DESCRIPTION OF THE INVENTION

[0033] Before the present compositions and methods are
described, 1t 1s to be understood that this invention 1s not
limited to particular compositions and methods described, as
such may, of course, vary. It 1s also to be understood that the
terminology used herein 1s for the purpose of describing
particular embodiments only, and 1s not intended to be limait-
ing, since the scope of the present invention will be limited
only by the appended claims.

[0034] Where arange of values 1s provided, 1t 1s understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range 1s also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value 1n that stated range 1s encompassed within
the mvention. The upper and lower limits of these smaller
ranges may independently be included or excluded 1n the
range, and each range where either, neither or both limits are
included 1n the smaller ranges 1s also encompassed within the
invention, subject to any specifically excluded limit in the
stated range. Where the stated range 1includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the mvention.

[0035] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar or equuvalent to those described herein can be used in the
practice or testing of the present invention, some potential and
preferred methods and materials are now described. All pub-
lications mentioned herein are incorporated herein by refer-
ence to disclose and describe the methods and/or materials 1n
connection with which the publications are cited. It 1s under-
stood that the present disclosure supersedes any disclosure of
an 1incorporated publication to the extent there 1s a contradic-
tion.

[0036] It must be noted that as used heremn and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a reprogramming
tactor polypeptide” includes a plurality of such polypeptides,
and reference to “the induced pluripotent stem cells™ includes
reference to one or more induced pluripotent stem cells and
equivalents thereof known to those skilled 1n the art, and so
torth.

[0037] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the present
application. Nothing herein 1s to be construed as an admission
that the present invention 1s not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
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publication provided may be different from the actual publi-
cation dates which may need to be independently confirmed.

Definitions

[0038] By “pluripotency” and pluripotent stem cells 1t 1s
meant that such cells have the ability to differentiate into all
types of cells 1n an organism. The term “induced pluripotent
stem cell” encompasses pluripotent cells, that, like embry-
onic stem (ES) cells, can be cultured over a long period of
time while maintaining the ability to differentiate into all
types of cells 1n an organism, but that, unlike ES cells (which
are derived from the mnner cell mass of blastocysts), are
derived from differentiated somatic cells, that 1s, cells that had
a narrower, more defined potential and that in the absence of
experimental manipulation could not give rise to all types of
cells 1n the organism. By “having the potential to become 1PS
cells 1t 1s meant that the differentiated somatic cells can be
induced to become, 1.¢. can be reprogrammed to become, 1PS
cells. In other words, the somatic cell can be induced to
redifferentiate so as to establish cells having the morphologi-
cal characteristics, growth ability and pluripotency of pluri-
potent cells. 1PS cells have an hESC-like morphology, grow-
ing as tlat colonies with large nucleo-cytoplasmic ratios,
defined borders and prominent nucle1. In addition, 1PS cells
express one or more key pluripotency markers known by one
of ordinary skill in the art, including but not limited to Alka-
line Phosphatase, SSEA3, SSEA4, Sox2, Oct3/4, Nanog,
TRA160, TRA181, TDGF 1, Dnmt3b, FoxD3, GDF3,
Cyp26al, TERT, and zip42. In addition, the 1PS cells are
capable of forming teratomas. In addition, they are capable of
forming or contributing to ectoderm, mesoderm, or endoderm
tissues 1n a living organism.

[0039] The terms “primary cells”, “primary cell lines™, and
“primary cultures” are used interchangeably herein to refer to
cells and cell cultures that have been dertved from a subject
and allowed to grow 1n vitro for a limited number of passages,
1.€. splittings, of the culture. For example primary cultures are
cultures that may have been passaged O times, 1 time, 2 times,
4 times, 5 times, 10 times, or 15 times, but not enough times
g0 through the crisis stage. Typically, the primary adipose
cells of the present invention are maintained for fewer than 10
passages 1n vitro prior to induction of pluripotency.

[0040] The term “efliciency of reprogramming™ 1s used to
refer to the ability of a primary cell culture to give rise to 1PS
cell colonies when contacted with reprogramming factors.
Primary cell cultures that demonstrate an enhanced efficiency
of reprogramming will demonstrate an enhanced abaility to
give rise to 1PS cells when contacted with reprogramming
factors relative to a control. The efficiency of reprogramming
with the methods of the mvention vary with the particular
combination of somatic cells, method of introducing repro-
gramming factors, and method of culture following induction
of reprogramming.

[0041] Where the somatic cells are adipose stem cells, an
elficiency of reprogramming of about 0.1%, about 0.2% or
greater may be obtained with conditions optimized for repro-
gramming eificiency, e.g. using viral vectors and feeder lay-
ers. However, conditions optimized for clinical use may pro-
vide for lower efficiency, including an efficiency of at least
about 0.01%, about 0.02%, about 0.03% or greater where the
cells are maintained 1n the absence of feeder layer cells fol-
lowing induction of reprogramming. The use of minicircle
vectors may further reduce efficiency of reprogramming,
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including an efliciency of about 0.002%, about 0.002%, about
0.004%, about 0.005% or more.

[0042] A feature of utilizing adipose stem cells as a somatic
cell for reprogramming 1s the shortened length of time
required to observe cells having characteristics of pluripotent
cells, where such cells may be observed 10, 11, 12,13, 14,15,
16 or more days following induction of reprogramming.
[0043] As used herein, “reprogramming factors” refers to
one or more, 1.¢. a cocktail, of biologically active factors that
act on a cell to alter transcription, thereby reprogramming a
cell to multipotency or to pluripotency. Reprogramming fac-
tors may be provided to the cells of the subject mvention
individually or as a single composition, that 1s, as a premixed
composition, of reprogramming factors. The factors may be
provided at the same molar ratio or at different molar ratios.
The factors may be provided once or multiple times 1n the
course of culturing the cells of the subject invention. In some
embodiments the reprogramming factor 1s a transcription
factor, including without limitation, Oct3/4; Sox2; Kli4;
c-Myc; Nanog; and Lin-28.

[0044] A Kli4 polypeptide 1s a polypeptide comprising the
amino acid sequence that is at least 70% 1dentical to the amino
acid sequence of human Kli4, 1.e., Kruppel-Like Factor 4 the
sequence of which may be found at GenBank Accession Nos.
NP__ 004226 and NM__004235. Kli4 polypeptides, e¢.g. those
that are at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 95%,
7%, 99%, or 100% 1dentical to the sequence provided 1n
GenBank Accession No. NM_ 004235, and the nucleic acids
that encode them find use as a reprogramming factor in the
present invention.

[0045] A c-Myc polypeptide 1s a polypeptide comprising
an amino acid sequence that 1s at least 70% 1dentical to the
amino acid sequence of human c-Myc, 1.e., myelocytomato-
s1s viral oncogene homolog, the sequence of which may be
found at GenBank Accession Nos. NP__ 002458 and
NM_ 002467. c-Myc polypeptides, e.g. those that are at least
70%, 75%, 80%, 85%, 90%, 91%., 92%, 95%, 97%, 99%, or
100% 1dentical to the sequence provided 1n GenBank Acces-
sion No. NM_ 002467, and the nucleic acids that encode
them find use as a reprogramming factor in the present inven-
tion.

[0046] A Nanog polypeptide 1s a polypeptide comprising
an amino acid sequence that 1s at least 70% 1dentical to the
amino acid sequence of human Nanog, 1.e., Nanog
homeobox, the sequence of which may be found at GenBank
Accession Nos. NP__ 079141 and NM_ 024865. Nanog
polypeptides, e.g. those that are at least 70%, 75%, 80%,
85%, 90%, 91%, 92%, 95%, 97%, 99%, or 100% i1dentical to
the sequence provided i1n GenBank Accession No.

NM 024865, and the nucleic acids that encode them find use

as a reprogramming factor in the present invention.

[0047] A Lin-28 polypeptide 1s a polypeptide comprising
an amino acid sequence that 1s at least 70% 1dentical to the
amino acid sequence of human Lin-28, 1.e., Lin-28 homolog
of C. elegans, the sequence of which may be found at Gen-
Bank Accession Nos. NP__ 078950 and NM__024674. Lin-28
polypeptides, e.g. those that are at least 70%, 75%, 80%,
85%, 90%, 91%, 92%, 95%, 97%, 99%, or 100% i1dentical to
the sequence provided i1n GenBank Accession No.

NM 024674, and the nucleic acids that encode them find use
as a reprogramming factor in the present invention.

[0048] An Oct3/4 polypeptide 1s a polypeptide comprising
an amino acid sequence that 1s at least 70% 1dentical to the
amino acid sequence of human Oct 3/4, also known as Homo
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sapiens POU class 5 homeobox 1 (POUS5F1) the sequence of
which may be found at GenBank Accession Nos.
NP__ 002692 and NM_ 002701. Oct3/4 polypeptides, e.g.
those that are at least 70%, 75%, 80%, 85%, 90%, 91%, 92%,
95%, 97%, 99%, or 100% 1dentical to the sequence provided
in GenBank Accession No. NM_ 002701, and the nucleic
acids that encode them find use as a reprogramming factor in
the present invention.

[0049] A Sox2 polypeptide is a polypeptide comprising the
amino acid sequence at least 70% 1dentical to the amino acid
sequence ol human Sox2, 1.e., sex-determining region Y-box
2 protein, the sequence of which may be found at GenBank
Accession Nos. NP__003097 and NM_003106. Sox2
polypeptides, e.g. those that are at least 70%, 75%, 80%,
85%, 90%, 91%, 92%, 95%, 97%, 99%, or 100% 1dentical to
the sequence provided 1n GenBank Accession No.
NM_ 003106, and the nucleic acids that encode them find use

as a reprogramming factor in the present invention.

[0050] The terms “treatment”, “treating”, “treat” and the
like are used herein to generally refer to obtammg a desired
pharmacologic and/or physiologic effect. The effect may be
prophylactic 1n terms of completely or partially preventing a
disease or symptom thereol and/or may be therapeutic 1n
terms ol a partial or complete stabilization or cure for a
disease and/or adverse eil

ect attributable to the disease.
“Treatment” as used herein covers any treatment of a disease
in a mammal, particularly a human, and includes: (a) prevent-
ing the disease or symptom from occurring in a subject which
may be predisposed to the disease or symptom but has not yet
been diagnosed as having 1t; (b) inhibiting the disease symp-
tom, 1.e., arresting its development; or (¢) relieving the dis-
case symptom, 1.€., causing regression ol the disease or symp-
tom.

[0051] The terms
“patient,”
mammalian subject for whom diagnosis,
therapy 1s desired, particularly humans.

[0052] Minicircle Vector. As used heremn a minicircle vec-
tor 1s a small, double stranded circular DNA molecule that
provides for persistent, high level expression of a sequence of
interest that 1s present on the vector. For the purposes of the
present mvention the sequence of interest is a sequence
encoding one or a plurality of reprogramming factors. The
sequence ol 1nterest 1s operably linked to regulatory
sequences present on the mini-circle vector, which regulatory
sequences control 1ts expression. Such mini-circle vectors are
described, for example 1n published U.S. Patent Application
US20040214329, herein specifically incorporated by refer-

CIICC.

[0053] The overall length of the subject minicircle vectors
1s suificient to include the desired elements as described
below, but not so long as to prevent or substantially inhibit to
an unacceptable level the ability of the vector to enter the
target cell upon contact with the cell, e.g., via systemic
administration to the host comprising the cell. As such, the
minicircle vector 1s generally at least about 0.3 kb long, often
at least about 1.0 kb long, where the vector may be as long as
10 kb or longer, but 1n certain embodiments do not exceed this
length.

[0054] The elfective dose of a minicircle vector for intro-
duction into cells may be empirically determined by one of
skill 1n the art. For example, minicircle vectors may be pro-
vided to cells at a concentration of at least about 1 ng for 10°
cells, about 10 ng for 10° cells, about 100 ng for 10° cells,

“individual,” “subject,” “host,” and
are used interchangeably herein and refer to any
freatment, oOr
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about 1 ug for 10° cells, about 5 ng for 10° cells, or more.
Typically high concentrations are not deleterious.

[0055] Minicircle vectors differ from bacterial plasmid
vectors 1n that they lack an origin of replication, and lack drug
selection markers commonly found 1n bacterial plasmids, e.g.
3-lactamase, tet, and the like. Consequently, minicircles are
small 1n size, allowing more efficient delivery to a cell. More
importantly, minicircles are devoid of the transgene expres-
s10n silencing effect which 1s associated with the vector back-
bone nucleic acid sequences of parental plasmids from which
the minicircle vectors are excised. The minicircle may be
substantially free of vector sequences other than the recom-
binase hybrid product sequence, and the sequence of interest,
1.€. a transcribed sequence and regulatory sequences required
for expression.

[0056] A ““vector” 1s capable of transferring nucleic acid
sequences to target cells. For example, a vector may comprise
a coding sequence capable of being expressed 1n a target cell.
For the purposes of the present invention, “vector construct,”
“expression vector,” and “gene transier vector,” generally
refer to any nucleic acid construct capable of directing the
expression of a gene of interest and which 1s useful in trans-
ferring the gene of interest into target cells. Thus, the term
includes cloning and expression vehicles, as well as integrat-
ing vectors.

[0057] An “expression cassette” comprises any nucleic
acid construct capable of directing the expression of any RNA
transcript including gene/coding sequence of interest. Such
cassettes can be constructed into a “vector,” “vector con-
struct,” “expression vector,” or “gene transfer vector,” in order
to transfer the expression cassette into target cells. Thus, the
term includes cloning and expression vehicles, as well as viral
vectors.

[0058] Expression vectors will contain a promoter that 1s
recognized by the host organism and 1s operably linked to the
reprogramming factor coding sequence. Promoters are
untranslated sequences located upstream (5') to the start
codon of a structural gene (generally within about 100 to 1000
bp) that control the transcription and translation of particular
nucleic acid sequence to which they are operably linked. Such
promoters typically fall into two classes, inducible and con-
stitutive. Inducible promoters are promoters that initiate
increased levels of transcription from DNA under their con-
trol 1n response to some change in culture conditions, e.g., the
presence or absence of a nutrient or a change 1n temperature.
A large number of promoters recognized by a variety of
potential host cells are well known. Both a native reprogram-
ming factor polypeptide promoter sequence and many heter-
ologous promoters may be used to direct expression of a
reprogramming factor polypeptide. However, heterologous
promoters are preferred, as they generally permit greater tran-
scription and higher yields. Transcription by higher eukary-
otes 1s often increased by 1nserting an enhancer sequence nto
the vector. Enhancers are cis-acting elements of DNA, usu-
ally about from 10 to 300 bp, which act on a promoter to
increase its transcription. Enhancers are relatively orientation
and position mndependent, having been found 5' and 3' to the
transcription unit, within an intron, as well as within the
coding sequence itsell.

[0059] Expression vectors used in eukaryotic host cells
may also contain sequences necessary for the termination of
transcription and for stabilizing the mRNA. Such sequences
are commonly available from the 3' and, occasionally 3',
untranslated regions of eukaryotic or viral DNAs or cDNAs.
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These regions contain nucleotide segments transcribed as
polyadenylated fragments 1n the untranslated portion of the
mRNA encoding Wnt polypeptide. Cells comprising the
expression vector are grown under conditions that provide for
expression ol the desired polypeptide, which 1s then extracted
from the cell lysate by conventional methods.

[0060] The muinicircle vectors may comprise a product
hybrid sequence of a unidirectional site-specific recombi-
nase, which product hybrid sequence 1s the result of a unidi-
rectional site specific recombinase mediated recombination
of two recombinase substrate sequences as they are known 1n
the art, e.g., attB and attP substrate sequences, and may be
either the attR or attLL product hybrid sequence. Typically, the
product hybrid sequence ranges in length from about 10 to
about 500 bp. In certain embodiments, the product sequence
1s a product hybrid sequence of a unidirectional site specific
recombinase that 1s an 1ntegrase, where integrases of interest
include, but are not limited to: wild-type phage integrases or
mutants thereof, where specific representative integrases of

interest include, but are not limited to: the integrases of DC31,
R4, TP901-1, ®BTI1, Bxbl, RV-1, AA118, U153, ®FC1, and
the like.

[0061] Adipose-Derived Stem Cells. Adipose-derived stem
cells or “adipose-derived stromal cells” refer to cells that
originate from adipose tissue. By “adipose™ 1s meant any fat
tissue. The adipose tissue may be brown or white adipose
tissue, derived from subcutaneous, omental/visceral, mam-
mary, gonadal, or other adipose tissue site. Preferably, the
adipose 1s subcutaneous white adipose tissue. Such cells may
be provided as a primary cell culture or an immortalized cell
line. The adipose tissue may be from any organism having fat
tissue. Preferably, the adipose tissue 1s mammalian, most
preferably the adipose tissue 1s human. A convenient source
of adipose tissue 1s from liposuction surgery, however, the
source of adipose tissue or the method of 1solation of adipose
tissue 1s not critical to the mnvention.

[0062] Adipose tissue offers many practical advantages for
tissue engineering applications. It 1s abundant and accessible
to harvest methods with minimal risk to the patient. It 1s
estimated that there are more than 10* stem cells per gram of
adipose tissue (Sen et al 2001, Journal of Cellular Biochem-
1stry 81:312-319), which cells can be used immediately or
cryopreserved for future autologous or allogeneic applica-
tions.

[0063] Methods for the 1solation, expansion, and differen-
tiation of human adipose tissue-derived cells have been

reported. See for example, Burris et al 1999, Mol Endocrinol
13:410-7; Erickson et al 2002, Biochem Biophys Res Com-

mun. Jan. 18, 2002; 290(2):763-9; Gronthos et al 2001, Jour-
nal of Cellular Physiology, 189:54-63; Halvorsen et al 2001,
Metabolism 50:407-413; Halvorsen et al 2001, Tissue Eng.
7(6):729-41; Harp et al 2001, Biochem Biophys Res Com-
mun 281:907-912; Saladin et al 1999, Cell Growth & Dift
10:43-48; Sen et al 2001, Journal of Cellular Biochemistry
81:312-319; Zhou et al 1999, Biotechnol. Techniques 13:
513-317. Adipose tissue-derived stromal cells may be
obtained from minced human adipose tissue by collagenase
digestion and differential centrifugation [Halvorsen et al
2001, Metabolism 50:407-413; Hauner et al 1989, J Clin
Invest 84:1663-1670; Rodbell et al 1966,. J Biol Chem 241:
130-139].

[0064] Adipose tissue derived stem cells have been
reported to express markers including: CD13, CD29, CD44,
CDo63, CD73, CD90, CDI166, aldehyde dehydrogenase
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(ALDH), and ABCG2. The adipose tissue derived stem cells
may be a population of purified mononuclear cells extracted
from adipose tissue capable of proliferating 1n culture for
more than 1 month.

[0065] For isolation of cells from tissue, an appropriate
solution may be used for dispersion or suspension. Such
solution will generally be a balanced salt solution, e.g. normal
saline, PBS, Hank’s balanced salt solution, etc., conveniently
supplemented with fetal calf serum or other naturally occur-
ring factors, 1n conjunction with an acceptable butifer at low
concentration, generally from 5-25 mM. Convenient buifers
include HEPES, phosphate butlers, lactate butlers, efc.
[0066] Thecell population may be used immediately. Alter-
natively, the cell population may be frozen at liquid nitrogen
temperatures and stored for long periods of time, being
thawed and capable of being reused. In such cases, the cells
will usually be frozen in 10% DMSO, 50% serum, 40%
buftered medium, or some other such solution as 1s com-
monly used 1n the art to preserve cells at such freezing tem-
peratures, and thawed 1n a manner as commonly known 1n the
art for thawing frozen cultured cells.

[0067] The adipose cells may be cultured 1n vitro under
various culture conditions. Culture medium may be liquid or
semi-solid, e.g. containing agar, methylcellulose, etc. The
cell population may be conveniently suspended in an appro-
priate nutrient medium, such as Iscove’s modified DMEM or
RPMI-1640, normally supplemented with fetal calf serum
(about 5-10%), L-glutamine, a thiol, particularly 2-mercap-
toethanol, and antibiotics, e.g. penicillin and streptomycin. In
one embodiment of the mnvention, the adipose cells are main-
tained in culture 1n the absence of feeder layer cells, 1.e. 1n the
absence of

[0068] The culture may contain growth factors to which the
cells are responsive. Growth factors, as defined herein, are
molecules capable of promoting survival, growth and/or dii-
ferentiation of cells, either 1n culture or 1n the intact tissue,
through specific effects on a transmembrane receptor. Growth
factors include polypeptides and non-polypeptide factors.

Methods of Inducing Pluripotency

[0069] Somatic cells, particularly somatic cells that are adi-
pose stem cells, are contacted with reprogramming factors, as
defined above, 1n a combination and quantity suificient to
reprogram the cell to pluripotency. Reprogramming factors
may be provided to the somatic cells individually or as a
single composition, that 1s, as a premixed composition, of
reprogramming factors. In preferred embodiments the repro-
gramming lactors are provided as a plurality of coding
sequences on a single minicircle vector, although 1n some
embodiments other methods of providing the factors are uti-
lized, particularly where the somatic cells are adipose stem
cells.

[0070] The reprogramming factors may be added to the
subject cells sitmultaneously or sequentially at different times.
In some embodiments, a set of at least three purified repro-
gramming factor 1s added, e.g., an Oct3/4 polypeptide, a Sox2
polypeptide, and a K114, c-myc, nanog or 1in28 polypeptide.
In some embodiments, a set of four purified reprogramming
factors 1s provided to the cells e.g., an Oct3/4 polypeptide, a
Sox2 polypeptide, a Kli4 polypeptide and a c-Myc polypep-
tide; or an Oct3/4 polypeptide, a Sox2 polypeptide, a 11n28
polypeptide and a nanog polypeptide.

[0071] Where the reprogramming factors are provided 1n
the form of a minicircle vector the somatic cells are contacted
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with the vectors such that the vectors are taken up by the cells.
Methods for contacting cells with nucleic acid vectors, such
as nucleofection, electroporation, calcium chloride transiec-
tion, and lipofection, are well known 1n the art.

[0072] Alternative methods for introducing the reprograms-
ming factors to adipose stem cells include providing a cell
with purified protein factors. Typically, a reprogramming fac-
tor polypeptide will comprise the polypeptide sequences of
the reprogramming factor fused to a polypeptide permeant
domain. A number of permeant domains are known in the art
and may be used i1n the nuclear acting, non-integrating
polypeptides of the present invention, including peptides,
peptidomimetics, and non-peptide carriers. For example, a
permeant peptide may be derived from the third alpha helix of
Drosophila melanogaster transcription factor Antennapaedia,
referred to as penetratin, which comprises the amino acid
sequence RQIKIWFQNRRMKWKK (SEQ ID NO:53). As
another example, the permeant peptide comprises the HIV-1
tat basic region amino acid sequence, which may include, for
example, amino acids 49-57 of naturally-occurring tat pro-
tein. Other permeant domains 1nclude poly-arginine motifs,
for example, the region of amino acids 34-56 of HIV-1 rev
protein, nona-arginine, octa-arginine, and the like. (See, for
example, Futaki et al. (2003) Curr Protein Pept Sci1. April
2003; 4(2): 87-96; and Wender et al. (2000) Proc. Natl. Acad.
Sci. U.S.A Nov. 21, 2000; 97(24):13003-8; published U.S.
Patent  applications  20030220334;  20030083256;
20030032593; and 20030022831, herein specifically incor-
porated by reference for the teachings of translocation pep-
tides and peptoids). The nona-arginine (R9) sequence 1s one
of the more eliicient PTDs that have been characterized
(Wender et al. 2000; Uemura et al. 2002). In such embodi-
ments, cells are incubated 1n the presence of a purified repro-
gramming factor polypeptide for about 30 minutes to about
24 hours, e.g., 1 hours, 1.5 hours, 2 hours, 2.5 hours, 3 hours,
3.5 hours 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 12 hours,
16 hours, 18 hours, 20 hours, or any other period from about
30 minutes to about 24 hours. Typically, the reprogramming
factors are provided to the subject cells once, and the cells are
allowed to incubate with the reprogramming factors for 16-24
hours, atter which time the media 1s replaced with fresh media
and the cells are cultured turther, or the reprogramming fac-
tors are provided to the subject cells twice, with two 16-24
hour incubations with the recombination factors following
cach provision, after which the media 1s replaced with fresh
media and the cells are cultured further.

[0073] In some embodiments, reprogramming factors are
provided to adipose stem cells as nucleic acids other than
minicircle vectors. Many vectors useful for transferring exog-
enous genes nto target mammalian cells are available. The
vectors may be maintained episomally, e.g. as plasmids,
virus-dertved vectors such cytomegalovirus, adenovirus, etc.,
or they may be integrated into the target cell genome, through

homologous recombination or random integration, €.g. retro-
virus derived vectors such as MMLYV, HIV-1, ALV, etc.

[0074] Alternatively, nucleic acids encoding the repro-
gramming factors may be provided to the subject via a virus,
where the somatic cells are contacted with viral particles
comprising nucleic acids encoding the reprogramming fac-
tors. Retroviruses, for example, lentiviruses, are particularly
suitable to the method of the invention, as they can be used to
transiect non-dividing cells (see, for example, Uchida et al.
(1998) PN.A.S. 95(20):11939-44). Commonly used retrovi-

ral vectors are “defective”, 1.e. unable to produce viral pro-
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teins required for productive infection. Rather, replication of
the vector requires growth 1n a packaging cell line.

[0075] Vectors used for providing reprogramming factors
to the subject cells as nucleic acids will typically comprise
suitable promoters for driving the expression, that 1s, tran-
scriptional activation, of the reprogramming factor nucleic
acids. This may include ubiquitously acting promoters, for
example, the CMV-{3-actin promoter, or inducible promoters,
such as promoters that are active in particular cell populations
or that respond to the presence of drugs such as tetracycline.
By transcriptional activation, 1t 1s intended that transcription
will be increased above basal levels 1n the target cell by at
least about 10 fold, by at least about 100 fold, more usually by
at least about 1000 fold. In addition, vectors used for provid-
ing reprogramming factors to the subject cells may include
genes that must later be removed, e.g. using a recombinase
system such as Cre/Lox, or the cells that express them
destroyed, e.g. by including genes that allow selective toxic-
ity such as herpesvirus TK, bcl-xs, eftc.

[0076] Following introduction of reprogramming factors,
the somatic cells may be maintained 1n a conventional culture
medium comprising feeder layer cells, or may be cultured in
the absence of feeder layers, 1.e. lacking somatic cells other
than those being induced to pluripotency. Feeder layer free
cultures may utilize a protein coated surface, e.g. matrigel,
ete

[0077] 1PS cells induced to become such by the methods of
the invention have an hESC-like morphology, growing as flat
colonies with large nucleo-cytoplasmic ratios, defined bor-
ders and prominent nuclei. In addition, the 1PS cells may
express one or more key pluripotency markers known by one

of ordinary skill in the art, including but not limited to Alka-
line Phosphatase, SSEA3, SSEA4, Sox2, Oct3/4, Nanog,

TRA160, TRA181, TDGF 1, Dnmt3b, FoxD3, GDF3,
Cyp26al, TERT, and zip42. In addition, the 1PS cells are
capable of forming teratomas. In addition, they are capable of
forming or contributing to ectoderm, mesoderm, or endoderm
tissues 1n a living organism.

[0078] Genes may be introduced into the somatic cells or
the 1PS cells dertved therefrom for a variety of purposes, e.g.
to replace genes having a loss of function mutation, provide
marker genes, etc. Alternatively, vectors are introduced that
express antisense mRNA or ribozymes, thereby blocking
expression of an undesired gene. Other methods of gene
therapy are the introduction of drug resistance genes to enable
normal progenitor cells to have an advantage and be subjectto
selective pressure, for example the multiple drug resistance
gene (MDR), or anti-apoptosis genes, such as bcl-2. Various
techniques known 1n the art may be used to introduce nucleic
acids into the target cells, e.g. electroporation, calcium pre-
cipitated DNA, fusion, transiection, lipofection, infection
and the like, as discussed above. The particular manner 1n
which the DNA 1s introduced 1s not critical to the practice of
the mvention.

[0079] To prove that one has genetically modified the
somatic cells or the 1PS cells derived theretorm, various tech-
niques may be employed. The genome of the cells may be
restricted and used with or without amplification. The poly-
merase chain reaction; gel electrophoresis; restriction analy-
s1s; Southern, Northern, and Western blots; sequencing; or the
like, may all be employed. The cells may be grown under
various conditions to ensure that the cells are capable of
maturation to all of the myeloid lineages while maintaining
the ability to express the mtroduced DNA. Various tests in
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vitro and 1n vivo may be employed to ensure that the pluri-
potent capability of the cells has been maintained.

[0080] The 1PS cells produced by the above methods may
be used for reconstituting or supplementing differentiating or
differentiated cells 1n a recipient. The induced cells may be
differentiated into cell-types of various lineages. Examples of
differentiated cells include any differentiated cells from ecto-
dermal (e.g., neurons and fibroblasts), mesodermal (e.g., car-
diomyocytes), or endodermal (e.g., pancreatic cells) lineages.
The differentiated cells may be one or more: pancreatic beta
cells, neural stem cells, neurons (e.g., dopaminergic neu-
rons), oligodendrocytes, oligodendrocyte progenitor cells,
hepatocytes, hepatic stem cells, astrocytes, myocytes,
hematopoietic cells, or cardiomyocytes.

[0081] The differentiated cells derived from the induced

cells may be terminally differentiated cells, or they may be
capable of giving rise to cells of a specific linecage. For
example, induced cells can be diflerentiated into a variety of
multipotent cell types, e.g., neural stem cells, cardiac stem
cells, or hepatic stem cells. The stem cells may then be further
differentiated 1nto new cell types, e.g., neural stem cells may
be differentiated into neurons; cardiac stem cells may be
differentiated into cardiomyocytes; and hepatic stem cells
may be differentiated into hepatocytes.

[

[0082] There are numerous methods of differentiating the
induced cells 1into a more specialized cell type. Methods of
differentiating induced cells may be similar to those used to
differentiate stem cells, particularly ES cells, MSCs, MAPCs,
MIAMI, hematopoietic stem cells (HSCs). In some cases, the
differentiation occurs ex vivo; in some cases the differentia-
tion occurs 11 vivo.

[0083] Any known method of generating neural stem cells
from ES cells may be used to generate neural stem cells from
induced cells, See, e.g., Reubinoit et al., (2001), Nat, Bio-
technol., 19(12): 1134-40. For example, neural stem cells
may be generated by culturing the induced cells as floating
aggregates 1n the presence ol noggin, or other bone morpho-
genetic protein antagonist, see e.g., Itsykson et al., (2005),
Mol, Cell Neurosci., 30(1):24-36. In another example, neural
stem cells may be generated by culturing the induced cells 1n
suspension to form aggregates in the presence of growth
factors, e.g., FGF-2, Zhang et al., (2001), Nat. Biotech., (19):
1129-1133. In some cases, the aggregates are cultured 1n
serum-iree medium contaiming FGF-2. In another example,
the induced cells are co-cultured with a mouse stromal cell
line, e.g., PA6 1n the presence of serum-iree medium com-
prising FGF-2. In yet another example, the induced cells are
directly transferred to serum-iree medium containing FGF-2
to directly induce differentiation.

[0084] Neural stems derived from the induced cells may be
differentiated into neurons, oligodendrocytes, or astrocytes.
Often, the conditions used to generate neural stem cells can
also be used to generate neurons, oligodendrocytes, or astro-
cytes.

[0085] Dopaminergic neurons play a central role in Parkin-
son’s Disease and other neurodegenerative diseases and are
thus of particular interest. In order to promote differentiation

into dopaminergic neurons, induced cells may be co-cultured
with a PA6 mouse stromal cell line under serum-iree condi-

tions, see, e.g., Kawasaki et al., (2000) Neuron, 28(1):3140.

Other methods have also been described, see, e.g., Pomp et
al., (2003), Stem Cells 23(7):923-30; U.S. Pat. No. 6,395,

346, e.g., Lee et al., (2000), Nature Biotechnol., 18:675-679.
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[0086] Oligodendrocytes may also be generated from the
induced cells. Differentiation of the induced cells 1to oligo-
dendrocytes may be accomplished by known methods for
differentiating ES cells or neural stem cells into oligodendro-
cytes. For example, oligodendrocytes may be generated by
co-culturing induced cells or neural stem cells with stromal
cells, e.g., Hermann et al. (2004), J Cell Sc1. 117(Pt19):4411 -
22. In another example, oligodendrocytes may be generated
by culturing the induced cells or neural stem cells 1n the
presence of a fusion protein, in which the Interleukin (IL)-6
receptor, or dertvative, 1s linked to the IL-6 cytokine, or
derivative thereof. Oligodendrocytes can also be generated
from the induced cells by other methods known 1n the art, see,

¢.g. Kang et al., (2007) Stem Cells 25, 419-424.

[0087] Astrocytes may also be produced from the induced
cells. Astrocytes may be generated by culturing induced cells

or neural stem cells in the presence of neurogenic medium
with bFGF and EGF, see e.g., Brustle et al., (1999), Science,
285:754-756.

[0088] Induced cells may be differentiated 1nto pancreatic

beta cells by methods known 1n the art, e.g., Lumelsky et al.,
(2001) Science, 292:1389-1394; Assady et al., (2001), Dia-

betes, 50:1691-1697; D’ Amour et al., (2006), Nat. Biotech-
nol., 24:1392-1401; D’ Amour et al., (2005), Nat. Biotechnol.
23:1534-1341. The method may comprise culturing the
induced cells 1 serum-iree medium supplemented with
Activin A, followed by culturing 1n the presence of serum-
free medium supplemented with all-trans retinoic acid, fol-
lowed by culturing in the presence of serum-ifree medium
supplemented with bFGF and nicotinamide, e.g., Jiang et al.,
(2007), Cell Res., 4:333-444. In other examples, the method
comprises culturing the induced cells 1n the presence of
serum-iree medium, activin A, and Wnt protein from about
0.5 to about 6 days, e.g., about 0.5, 1, 2, 3, 4, 5, 6, days;
tollowed by culturing in the presence of from about 0.1% to
about 2%, e.g., 0.2%, FBS and activin A from about 1 to about
4 days, e.g., about 1, 2, 3, or 4 days; followed by culturing 1n
the presence of 2% FBS, FGF-10, and KAAD-cyclopamine
(keto-N-aminoethylaminocaproyl dihydro cinnamoylcyclo-
pamine) and retinoic acid from about 1 to about 5 days, e.g.,
1, 2, 3, 4, or 5 days; followed by culturing with 1% B27,
gamma secretase mhibitor and extendin-4 from about 1 to
about4 days,e.g., 1, 2,3, or4 days; and finally culturing in the
presence of 1% B27, extendin-4, IGF-1, and HGF for from
about 1 to about 4 days, e.g., 1, 2, 3, or 4 days.

[0089] Hepatic cells or hepatic stem cells may be differen-
tiated from the induced cells. For example, culturing the
induced cells in the presence of sodium butyrate may generate
hepatocytes, see e.g., Rambhatla et al., (2003), Cell Trans-
plant, 12:1-11. In another example, hepatocytes may be pro-
duced by culturing the induced cells 1n serum-iree medium 1n
the presence of Activin A, followed by culturing the cells in
fibroblast growth factor-4 and bone morphogenetic protein-2,
e.g., Ca1 et al., (2007), Hepatology, 45(5): 1229-39. In an
exemplary embodiment, the induced cells are differentiated
into hepatic cells or hepatic stem cells by culturing the
induced cells 1n the presence of Activin A from about 2 to
about 6 days, e.g., about 2, about 3, about 4, about 5, or about
6 days, and then culturing the induced cells 1n the presence of
hepatocyte growth factor (HGF) for from about 5 days to
about 10 days, e.g., about 5, about 6, about /7, about 8, about
9, or about 10 days.

[0090] The induced cells may also be differentiated into
cardiac muscle cells. Inhibition of bone morphogenetic pro-

il




US 2015/0184131 Al

tein (BMP) signaling may result 1n the generation of cardiac
muscle cells (or cardiomyocytes), see, e€.g., Yuasa et al.,
(20035), Nat. Biotechnol., 23(5):607-11. Thus, 1n an exem-
plary embodiment, the induced cells are cultured 1n the pres-
ence of noggin for from about two to about six days, e.g.,
about 2, about 3, about 4, about 5, or about 6 days, prior to
allowing formation of an embryoid body, and culturing the
embryoid body for from about 1 week to about 4 weeks, e.g.,
about 1, about 2, about 3, or about 4 weeks.

[0091] In other examples, cardiomyocytes may be gener-
ated by culturing the induced cells 1n the presence of leukemia
inhibitory factor (LIF), or by subjecting them to other meth-

ods known 1n the art to generate cardiomyocytes from ES
cells, e.g., Bader et al., (2000), Circ. Res., 86:787-794, Kehat

et al., (2001), J. Clin. Invest., 108:407-414; Mummery et al.,
(2003), Circulation, 107:2733-2740.

[0092] Examples of methods to generate other cell-types
from 1induced cells include: (1) culturing induced cells 1n the
presence of retinoic acid, leukemia inhibitory factor (LIF),
thyroid hormone (13), and msulin in order to generate adi-
pocytes, e.g., Dani etal., (1997), J. Cell Sci1., 110:1279-1285;
(2) culturing induced cells 1in the presence of BMP-2 or BMP4
to generate chondrocytes, e.g., Kramer et al., (2000), Mech.
Dev., 92:193-205; (3) culturing the induced cells under con-
ditions to generate smooth muscle, e.g., Yamashita et al.,
(2000), Nature, 408:92-96; (4) culturing the induced cells 1n
the presence of beta-1 integrin to generate keratinocytes, e.g.,
Bagutti et al., (1996), Dev. Biol., 179:184-196; (5) culturing
the induced cells 1n the presence of Interleukin-3 (IL-3) and
macrophage colony stimulating factor to generate macroph-
ages, e.g., Lieschke and Dunn (1995), Exp. Hemat., 23:328-
334; (6) culturing the induced cells 1n the presence of 1L-3 and
stem cell factor to generate mast cells, e.g., Tsa1 et al., (2000),
Proc. Natl. Acad. Sci. USA, 97:9186-9190; (7) culturing the
induced cells 1n the presence of dexamethasone and stromal
cell layer, steel factor to generate melanocytes, e.g., Yamane
et al., (1999), Dev. Dyn., 216:450-458; (8) co-culturing the
induced cells with fetal mouse osteoblasts in the presence of
dexamethasone, retinoic acid, ascorbic acid, beta-glycero-
phosphate to generate osteoblasts, e.g., Buttery et al., (2001),
Tissue Eng., 7:89-99; (9) culturing the induced cells 1n the
presence of osteogenic factors to generate osteoblasts, e.g.,
Sottile et al., (2003), Cloning Stem Cells, 5:149-155; (10)
overexpressing insulin-like growth factor-2 in the iduced
cells and culturing the cells 1n the presence of dimethyl sul-
foxide to generate skeletal muscle cells, e.g., Prelle et al.,
(2000), Biochem. Biophys. Res. Commun., 277:631-638;
(11) subjecting the induced cells to conditions for generating
white blood cells; or (12) culturing the induced cells 1n the
presence of BMP4 and one or more: SCF, FLT3, IL-3, IL-6,

and GCSF to generate hematopoietic progenitor cells, e.g.,
Chadwick et al., (2003), Blood, 102:906-915.

[0093] In some cases, sub-populations of differentiated
cells may be purified or 1solated. In some cases, one or more
monoclonal antibodies specific to the desired cell type are
incubated with the cell population and those bound cells are
isolated. In other cases, the desired subpopulation of cells
expresses a reporter gene that 1s under the control of a cell
type specific promoter.

[0094] In a specific embodiment, the hygromycin B phos-
photransierase-EGFP fusion protein 1s expressed mn a cell
type specific manner. The method of purilying comprises
sorting the cells to select green fluorescent cells and reiterat-
ing the sorting as necessary, in order to obtain a population of
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cells enriched for cells expressing the construct (e.g., hygro-
mycin B phosphotransierase-EGFP) 1n a cell-type-dependent
manner. Selection of desired sub-populations of cells may
also be accomplished by negative selection of proliferating
cells with the herpes simplex virus thymidine kinase/ganci-
clovir (HSVtk/GCV) suicide gene system or by positive
selection of cells expressing a bicistronic reporter, €.g.,
Anderson et al. (2007) Mol. Ther. (11):2027-2036.

[0095] The induced cells, or cells differentiated from the
induced cells, may be used as a therapy to treat disease (e.g.,
a genetic defect). The therapy may be directed at treating the
cause of the disease; or alternatively, the therapy may be to
treat the effects of the disease or condition. The induced cells
may be transferred to, or close to, an injured site 1n a subject;
or the cells can be introduced to the subject 1n a manner
allowing the cells to migrate, or home, to the injured site. The
transierred cells may advantageously replace the damaged or
injured cells and allow improvement 1n the overall condition
of the subject. In some instances, the transferred cells may
stimulate tissue regeneration or repair.

[0096] The transierred cells may be cells differentiated
from 1induced cells. The transferred cells also may be multi-
potent stem cells differentiated from the induced cells. In
some cases, the transferred cells may be induced cells that
have not been differentiated.

[0097] The number of administrations of treatment to a
subject may vary. Introducing the induced and/or differenti-
ated cells 1into the subject may be a one-time event; but 1n
certain situations, such treatment may elicit improvement for
a limited period of time and require an on-going series of
repeated treatments. In other situations, multiple administra-
tions of the cells may be required before an effect 1s observed.
The exactprotocols depend upon the disease or condition, the
stage of the disease and parameters of the individual subject
being treated.

[0098] The cells may be introduced to the subject via any of
the following routes: parenteral, intravenous, intraarterial,
intramuscular, subcutaneous, transdermal, intratracheal,
intraperitoneal, or into spinal fluid.

[0099] The induced cells may be differentiated into cells
and then transferred to subjects sutlering from a wide range of
diseases or disorders. Subjects suilering from neurological
diseases or disorders could especially benefit from stem cell
therapies. In some approaches, the induced cells may be
differentiated 1nto neural stem cells or neural cells and then
transplanted to an injured site to treat a neurological condi-
tion, e.g., Alzheimer’s disease, Parkinson’s disease, multiple
sclerosis, cerebral infarction, spinal cord injury, or other cen-

tral nervous system disorder, see, e.g., Morizane et al., (2008),
Cell Tissue Res., 331(1):323-326; Coutts and Keirstead

(2008), Exp. Neurol., 209(2):368-377; Goswami and Rao
(2007), Drugs, 10(10):713-719.

[0100] For the treatment of Parkinson’s disease, the
induced cells may be differentiated into dopamine-acting
neurons and then transplanted into the striate body of a sub-
ject with Parkinson’s disease. For the treatment of multiple
sclerosis, neural stem cells may be differentiated 1nto oligo-
dendrocytes or progemitors of oligodendrocytes, which are
then transferred to a subject suflering from MS.

[0101] For the treatment of any neurologic disease or dis-
order, a successiul approach may be to introduce neural stem
cells to the subject. For example, 1n order to treat Alzheimer’s
disease, cerebral infarction or a spinal 1njury, the induced
cells may be differentiated into neural stem cells followed by
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transplantation into the injured site. The induced cells may
also be engineered to respond to cues that can target their
migration into lesions for brain and spinal cord reparr, e.g.,
Chen et al., (2007), Stem Cell Rev., 3(4):280-288.

[0102] Diseases other then neurological disorders may also
be treated by a stem cell therapy that uses cells differentiated
from induced cells, e.g., induced multipotent or pluripotent
stem cells. Degenerative heart diseases such as 1schemic car-
diomyopathy, conduction disease, and congenital defects
could benefit from stem cell therapies, see, e.g. Janssens et al.,
(2006), Lancet, 367:113-121.

[0103] Pancreatic islet cells (or primary cells of the 1slets of
Langerhans) may be transplanted ito a subject suifering
from diabetes (e.g., diabetes mellitus, type 1), see e.g., Burns
et al., (2006) Curr. Stem Cell Res. Ther., 2:255-266. In some
embodiments, pancreatic beta cells derived from induced
cells may be transplanted into a subject suifering from dia-
betes (e.g., diabetes mellitus, type 1).

[0104] Inotherexamples, hepatic cells or hepatic stem cells
derived from induced cells are transplanted into a subject
sulfering from a liver disease, e.g., hepatitis, cirrhosis, or liver
failure.

[0105] Hematopoietic cells or hematopoietic stem cells
(HSCs) derived from induced cells may be transplanted into
a subject suifering from cancer of the blood, or other blood or
immune disorder. Examples of cancers of the blood that are
potentially treated by hematopoietic cells or HSCs include:
acute lymphoblastic leukemia, acute myeloblastic leukemia,
chronic myelogenous leukemia (CML), Hodgkin’s disease,
multiple myeloma, and non-Hodgkin’s lymphoma. Often, a
subject suffering from such disease must undergo radiation
and/or chemotherapeutic treatment 1n order to kill rapidly
dividing blood cells. Introducing HSCs dertved from induced

cells to these subjects may help to repopulate depleted reser-
voirs of cells.

[0106] In some cases, hematopoietic cells or HSCs dernved
from 1induced cells may also be used to directly fight cancer.
For example, transplantation of allogeneic HSCs has shown
promise 1n the treatment of kidney cancer, see, e.g., Childs et
al., (2000), N. Engl. J. Med., 343:750-738. In some embodi-
ments, allogeneic, or even autologous, HSCs derived from
induced cells may be introduced into a subject 1n order to treat
kidney or other cancers.

[0107] Hematopoietic cells or HSCs derived from induced
cells may also be introduced 1nto a subject 1n order to generate
or repair cells or tissue other than blood cells, e.g., muscle,
blood vessels, or bone. Such treatments may be usetul for a
multitude of disorders.

[0108] Insome cases, the induced cells are transierred 1nto
an 1mmunocompromised animal, e.g., SCID mouse, and
allowed to differentiate. The transplanted cells may form a
mixture of differentiated cell types and tumor cells. The spe-
cific differentiated cell types of interest can be selected and
purified away from the tumor cells by use of lineage specific
markers, e.g., by tfluorescent activated cell sorting (FACS) or
other sorting method, e.g., magnetic activated cell sorting
(MACS). The differentiated cells may then be transplanted
into a subject (e.g., an autologous subject, HLA-matched
subject) to treat a disease or condition. The disease or condi-
tion may be a hematopoietic disorder, an endocrine defi-
ciency, degenerative neurologic disorder, hair loss, or other
disease or condition described herein.

[0109] The 1PS cells may be administered in any physi-
ologically acceptable medium. They may be provided alone
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or with a suitable substrate or matrix, e¢.g. to support their
growth and/or organization in the tissue to which they are
being transplanted. Usually, at least 1x10° cells will be
administered, preferably 1x10° or more. The cells may be
introduced by 1njection, catheter, or the like. The cells may be
frozen at liquid nitrogen temperatures and stored for long
periods of time, being capable of use on thawing. If frozen,
the cells will usually be stored 1n a 10% DMSO, 50% FCS,
40% RPMI 1640 medium. Once thawed, the cells may be
expanded by use of growth factors and/or stromal cells asso-
ciated with progemtor cell proliferation and differentiation.

[0110] Kits may be provided, where the kit will comprise
staining reagents that are suificient to differentially identily
the subject SSEA3+ differentiated somatic cells described
herein. A combination of interest may include one or more
reagents specific for the marker or combination of markers of
the present invention, and may further include staiming
reagents specific for other proteins that mark the subject cells,
¢.g. Nanog. The staining reagents are preferably antibodies,
and may be detectably labeled. Kits may also include tubes,
bullers, etc., and 1nstructions for use.

[0111] FEachpublication cited 1n this specification is hereby
incorporated by reference 1n its entirety for all purposes.

[0112] It 1s to be understood that this invention 1s not lim-
ited to the particular methodology, protocols, cell lines, ani-
mal species or genera, and reagents described, as such may
vary. It 1s also to be understood that the terminology used
herein 1s for the purpose of describing particular embodi-
ments only, and 1s not itended to limit the scope of the
present invention, which will be limited only by the appended
claims.

[0113] As used herein the singular forms “a”, “and”, and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a cell”
includes a plurality of such cells and reference to “the culture™
includes reference to one or more cultures and equivalents
thereof known to those skilled 1n the art, and so forth. All
technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skall in

the art to which this mvention belongs unless clearly indi-
cated otherwise.

EXAMPLES

[0114] The following examples are put forth so as to pro-
vide those of ordinary skill 1n the art with a complete disclo-
sure and description of how to make and use the present
invention, and are not intended to limit the scope of what the
inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (e.g. amounts, tem-
perature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight 1s weight average molecu-
lar weight, temperature 1s 1n degrees Centigrade, and pressure
1s at or near atmospheric.

Example 1
Minicircle DNA Induces Pluripotency 1in Adult

Human Cells

[0115] Due to the risk of insertional mutagenesis, viral
transduction has been increasingly replaced by non-viral
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methods to generate induced pluripotent stem (1PS) cells. One
technique that has not yet been explored i1s the use of
“minicircle” DNA, a novel compact vector that 1s free of
bacterial DNA and capable of persistent high level expression
in cells. Here, we report the use of a single minicircle vector
to generate transgene-iree 1PS cells from adult human cells.

[0116] Non-viral methods for generating 1PS cells using
adenovirus, plasmids, or excision of reprogramming factors
using Cre/LoxP or piggyBAC transposition have been
reported, but in general are restricted to mouse, suller from
low reprogramming efficiencies (<0.003%), and may leave
behind residual vector sequences. Recently, successiul repro-
gramming of human cells was reported using episomal vec-
tors derived from the Epstein-Barr virus. However, this tech-
nique required three individual plasmids carrying a total of
seven factors, including the oncogene SV40, and resulted 1n
very low yields (<0.0006%). Further, expression of the
EBNAI1 protein, as was required for this technique, may
increase immune cell recognition of transfected cells, thus
potentially limiting climical application i1 the transgene 1s not
completely removed. Protein-based 1PS cell generation 1n
mouse and human cells has also been published, but required
either chemaical treatment (valproic acid) or greater than four
rounds of treatment. Further, protein-based methods necessi-
tate expertise 1n protein chemistry and handling—skills that
many laboratories do not have. Most DNA-based methods
require only minimal molecular biology background, and so
remain a more attractive option for a wider population of
researchers interested in cellular reprogramming.

[0117] Minicircle DNA 1s shown herein to represent an
ideal mechanism for generating 1PS cells. We constructed a
plasmid (P2PhiC31-LGNSO) that contained a single cassette
of four reprogramming factors (Oct4, Sox2, Lin28, Nanog)
plus a green fluorescent protein (GFP) reporter gene, each
separated by seli-cleavage peptide 2A sequences. (FIG.
3a,b). We next took advantage of the PhiC31-based intramo-
lecular recombination system that allows the plasmid back-
bone to be excluded and degraded in bacteria, and the
minicircle to be purified and 1solated as described by Chen et
al. Molecular Therapy 8, 495-500 (2003); and Chen et al.
Human Gene Therapy 16, 126-131 (2003), (FIG. 3¢). Expres-
s1on of individual protein factors was validated 1n 293F T cells
(FIG. 4). To determine the reprogramming ability of the
minicircle vector, we chose to induce pluripotency in human
adipose stem cells (hASCs). hASCs have a number of advan-
tages over other somatic cell types such as fibroblasts since
they can be 1solated in large quantities (100 ml of human
adipose tissue yields about 1x10° cells) with minimal mor-
bidity. Furthermore, quantitative PCR (qPCR) of hASCs
revealed 3-4 times higher relative expression of Kli4 com-
pared to human ES cells, and ~1.3 higher relative expression
of c-Myc (FIG. 5).

[0118] Using hASCs denived from three individual

patients, we introduced the minicircle vector mto cells using
nucleofection and achieved 10.8+x1.7% GFP-positive cells,
compared to only 2.7+0.8% using a standard plasmid carry-
ing the same expression cassette (FI1G. 6). The GFP-positive
cell population was enriched 72 h post-transiection by flow
cytometetry, and then seeded on 1nactivated mouse embry-
onic fibroblast (MEF) feeder layers. Due to the dilution of
minicircle vector with proliferation, we observed gradual loss
of GFP expression in cells. Additional transfections at days 4
and 6 with the minicircle vector were performed to supple-
ment this loss of transgene expression. Importantly, com-
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pared to standard plasmids that carry a GFP/firefly luciferase
reporter gene, minicircle DNA with the same reporter gene
maintains higher expression for a longer period of time in
hASCs, as confirmed by photon counts and qPCR (FIG. 7).
Thus, minicircle DNA 1s a more robust gene expression plat-
form compared to regular plasmid.

[0119] On days 14-16, we observed GFP-positive clusters
that had morphologic similarities with human ES cell colo-
nies (FIG. 1a). Many clusters showed no GFP expression at
all, suggesting loss of transgene expression, and these were
1solated for further analysis. Minicircle-dertved 1PS cell (mc-
1PS cell) colonies stained positive for embryonic markers
(FIG. 15,¢), and exhibited reactivation of endogenous Oct4,
Sox2, and Nanog genes (FIG. 1d,e). Global gene expression
profiling of two mc-1PS cell subclones demonstrated a high
degree of similarity with human ES cells (FIG. 1f). Impor-
tantly, Southern blot analysis did not detect genomic integra-
tion of the minicircle transgene 1n the subclones (FIG. 1g, see
FIG. 8 for probe sensitivities). Finally, mc-1PS cells had nor-
mal diploid karyotype (F1G. 1/2). The pluripotency of mc-1PS
cells was examined both 1n vitro through the formation of
embryoid bodies (EBs), and in vivo by teratoma formation.
EBs expressed genes of all three embryonic germ layers (FIG.
2a) and formed multi-lineage cell types (FIG. 2b, FIG. 9).
Lastly, subcutaneous injection of each of the three mc-1PS
subclones mto immunodeficient mice resulted 1n a teratoma

(FIG. 2¢).

TABL

L1

1

Estimation of reprogramming efficiency

Number of human

Donor  Transfected cells™ ES cell-like colonies Efficiency
1 0.9 x 10 4 0.004%
2 0.6 x 10° 3 0.005%
3 2.4 % 10° 15 0.006%

*Transfected cells were collected by sorting GEFP* cells.

[0120] In total, we successiully derived 22 mc-1PS cell
colonies from hASCs that had been 1solated from three 1ndi-
vidual donors (Table 1), yielding an overall reprogramming
eificiency of ~0.005% with minicircle DNA. As with other
integration-free 1PS cell generation approaches, this effi-
ciency 1s low compared to viral-based methods, which have
typically been reported to be ~0.01%. Our efficiency with
minicircle DNA was higher than previous plasmid-based
transiection reprogramming methods. We also transfected
IMR90 fetal fibroblast with a minicircle vector expressing the
four Yamanaka factors (Oct4, Sox2, c-Myc, Kli4), and were
able to create 1PS cells with similar, though slightly dimin-
1shed, reprogramming efficiency compared to hASCs repro-
grammed with the four Thomson factors. Notably, we were
unable to generate 1PS cells using regular plasmid vectors
expressing all 4 Yamanaka or Thomson factors. We believe
this 1s due to the higher transfection efliciency, and stronger
and more persistent expression, of minicircle DNA 1n cell
cultures.

[0121] As the reprogramming field moves from basic sci-
ence towards clinical translation, efficient derivation of 1PS
cells that are free of foreign or chemical elements 1s abso-
lutely critical. Here, we describe a simple method for gener-
ating transgene-iree 1PS cells that requires only a single vec-
tor without the need for subsequent drug selection or vector-
excision. With 1its basic molecular principles and
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straightforward protocol, minicircle DNA 1s 1deally suited for
facilitating 1PS cell research around the world. Finally, the
minmicircle DNA 1s already FDA approved, giving this novel
method the potential for significant clinical translation.

Materials and Methods

[0122] Construction of minicircle DNA vector. The
sequences of primers used for plasmid construction are listed

Sall 5'0ct4
Xbal 3'0ct4

BamHI 5'Sox2

Xhol T2A 3'Sox2

EcoRI 5'Nanog
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P2PhiC31 between Xhol and Spel sites, thus establishing a
cloning vector with the required expression elements and
Xhol/Spel cloning sites. Subsequently, the LGNSO cassette
was retrieved by Sall/Xbal digestion and shuttled into the
modified PsPhiC31 plasmid at the Xhol/Spel sites, creating

P2PhiC31 LGNSO plasmid for minicircle-based reprogram-
ming. The minicircle vector was then purified and 1solated as
described.

TABLE 2

Primers used for wvector consgtruction

GCTGTCGACATGGCGGGACACCTGGCTTCG SEQ ID NO: 1

CTGTCTAGAACCTTCCCTCCAACCAGTTGC SEQ ID NO: 2

GAGGGATCCATGTACAACATGATGGAGACGGA SEQ ID NO: 3

CAGCTCGAGAGGGCCOGLGATTCTCCTCCACGTCACCGCATGTTAG
AAGACTTCCTCTGCCCTCCATGTGTGAGAGG SEQ ID NO: 4

CCTGAATTCATGAGTGTGGATCCAGCTTGT SEQ ID NO: b

Bgl2 T2A 3' Nanog CAGAGATCTAGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAG

Nhel 5'Lin28

NotI T2A 3'Lin28

Notl 5'GEFP

EcoRI T2A 3'GFP

Ssall 5'CMVp

NotI XhoI 3'CMVp

AAGACTTCCTCTGCCCTCTCTCACGTCTTCAGG SEQ ID NO: 6

CAGGCTAGCTTCTTCTCCGAACCAACCC SEQ ID NO: 7

AAGGCGEGECCLECAGGLCCOLGATTCTCCTCCACGTCACCGCATGTT
AGAAGACTTCCTCTGCCCTCACCGGTATTCTGTGCCT SEQ ID NO: 8

GATGCGGCCGCCACCATGETGAGCAAGGGCGAGGA SEQ ID NO: 9

CATGAATTCAGGGCCOGGGATTCTCCTCCACGTCACCGCATGTTAGA
AGACTTCCTCTGCCCTCOGGCGAAGGCGATGG SEQ ID NO: 10

CATGTCGACGTTATTAATAGTAATCAATTACG SEQ ID NO: 11

ATTGCGGCCGCTCTCGAGCTTGGGTCTCCCTATAGTGAGTC
SEQ ID NO: 12

Notl Spel B'SVA0pATATGCGGCCGCGACTAGTGAATTCCCOGTTGTTTTGCAAATGA

Xbal 3'SV40pA

in Table 2. The cDNAs for human Oct4, Sox2, Nanog, and
Lin28 open reading frames (ORFs) were obtaimned from

human H9 cell line cDNA by PCR. The GFP cDNA ORF was
cloned from plasmid pmaxGFP (Amaxa). The Nanog ORF
plus T2 A adaptable to EcoRI/Bglll, the Sox2 ORF plus T2A
adaptable to BamHI/Xhol, and the Oct4 ORF adaptable to
Sall/Xbal fragments, were separately amplified by PCR and

digested with restriction enzymes. The restricted fragments
were co-ligated and cloned 1nto a modified pUC vector
between EcoRI/Xbal sites. The fragment GFP ORF plus
T2A-atgagtgt adaptable to Notl/EcoRI was amplified by PCR
and cloned into the vector, as was the Lin28 ORF plus T2A
adaptable to Sall/EcoRI. The final vector was designated as

pUC-LGNSQO, an acronym for the 5 ORFs.

[0123] We modified the P2PhiC31 plasmid by mtroducing
CMYV promoter and SV40 polyA elements through the fol-
lowing steps. CMV promoter was amplified by PCR and
adapted to 5'Sall-3Xhol Notl, while SV40 polyA clement

was amplified by PCR and adapted to 5'Notl Spel-3'Xbal.
Both fragments were then co-ligated and cloned into

SEQ ID NO: 13

TCATCTAGATACATTGATGAGTTTGGACA SEQ ID NO: 14

[0124] Denvation of human adipose stem cells (hASCs).
The phenotype and other characteristics of hASCs have been
previously described. hASCs were obtained by lipoaspiration
alter acquiring informed consent from patients, 1n accordance
with Stanford University human IRB guidelines. All suction

assisted lipoaspiration procedures were performed using the
VASER Lipo System (Sound Surgical Technologies). hASCs
were harvested from the adipose tissue of male or female
patients between the ages of 40 and 65 undergoing elective
lipoaspiration. Participating patients had no prior knowledge
or evidence of ongoing systemic disease at the time of opera-
tion. All specimens were immediately placed on ice and were
washed sequentially 1n serial dilutions of dilute Betadine,
followed by two phosphate builered saline (PBS) washes of
equal volume. Adipose tissues were subsequently digested
with an equal volume 01 0.075% (w/v) Type Il collagenase in
Hank’s Balanced Salt Solution at 37° C. 1n water bath with
agitation at 125 rpm for 30 min. After mactivation of colla-
genase with serum, the stromal vascular fraction was pelleted
via centrifugation at 1200 g for 5 min. The cell pellet was
resuspended and filtered through a 100 um cell strainer and
the collected cells were plated on 15 cm dishes for further
expansion.
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[0125] Culture and maintenance of hASCs and mc-1PS
cells. hASCs were maintained with Dulbecco’s Modified
Eagle Medium (DMEM) containing 10% fetal bovine serum
(FBS), Glutamax-I, 4.5 g/LL glucose, 110 mg/L. sodium pyru-
vate, S0 units/ml penicillin and 50 pg/ml streptomycin at 37°
C., 95% air and 5% CO2 1n a humidified incubator. All cells
used for reprogramming were within passage 2. Derived mc-
1PS cells were maintained either on MEF feeder layer or on
Matrigel-coated tissue culture dishes (ES qualified, BD Bio-
sciences) with mTESR-1 human ES Growth Medium (Stem-
Cell Technologies).

[0126] Reprogramming hASCs. Nucleofector Kit R
(Amaxa) and program U-023 were used for nucleofection
according to the manufacturer’s instructions. Transiected
hASCs were plated on 10-cm dishes and cultured in DMEM/
F12 medium supplemented with 10% FBS. GFP™ cells were
sorted by tlow cytometry 3 days after transtection. The sorted
cells were then seeded on gelatin-coated 6-well plates at
~0.5x10° cells per well. Cells were switched to human ES cell
culture medium 1 day after seeding, as has been previously
suggested. Culture medium was refreshed every 2-3 days. On
days 4 and 6, we transiected the hASCs again with minicircle
using Lipofectamine 2000 (Invitrogen), which we found to be
less toxic to cells than nucleofection. Colonies with mor-
phologies similar to human ES cell colonies were clearly
visible by day 18 after transiection. At day 26-28 post-trans-
tection, mc-1PS cell colonies were individually picked for
turther expansion and analysis. For control experiments using
regular plasmid, we used the pUC-LGNSO vector and per-
formed all transiections 1n parallel with minicircle DNA.

[0127] Western blot and immunofluorescence. To examine
the co-expression of Lin28, Nanog, Sox2, and Oct4,
minicircle DNA LGNSO were transfected into 293FT cells
with Neofectin (Mid-Atlantic Biolabs). Cells were collected
for either Western blot or immunofluorescence analysis two
days after transfection. The following primary antibodies
were used: rabbit anti-Oct4 (Santa Cruz), rabbit anti-Sox2
(Biolegend), rabbit anti-Nanog (Cosmo Bio), rabbit anti-
Lin28 (Proteintech), and mouse anti-GAPDH (Millipore).
Antibodies against human ES cell surface markers SSEAA4,
Tra-1-60, and Tra-1-81 were obtained from ES Cell Charac-
terization Kit (Chemicon). Alexa Fluor-488 and -596 fluoro-
chrome-conjugated secondary antibodies (Molecular Probes)
were used for immunofluorescence analysis. Alkaline Phos-
phatase Detection Kit (Chemicon) was used for alkaline
phosphatase staining.

[0128] RIT-PCR analysis. Total RNA was prepared using
RNeasy Min1 Kit (Qiagen) and c¢cDNA synthesized with
SuperScript™ II First-Strand Synthesis System for RT-PCR
(Invitrogen). PCR reactions were performed with Tag DNA
polymerase (Qiagen). All primer sequences are listed 1n Table
3. Note that endogenous genes were measured using 3'-un-
translated region specific primers. Quantitative PCR was per-
formed using Tagman Gene Expression Assays (Applied Bio-
systems) using a StepOnePlus Realtime-PCR  System
(Applied Biosystems).

TABLE 3

Primers used for RT-PCR analysis

Oct4 352F ACCCCTGGTGCCETGAA SEQ ID NO: 15

541R GGCTGAATACCTTCCCAAATA SEQ ID NO: 16

TABLE
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3-continued

Primers used for RT-PCR analysis

Oct4 912F GCGATCAAGCAGCGACTA SEQ ID NO: 17
endo* 1311R TTCACCTTCCCTCCAACC SEQ ID NO: 18
SOX2 890F CAGCGCATGGACAGTTAC SEQ ID NO: 195
1210R GGAGTGOGGGAGGAAGAGGT SEQ ID NO: 20
SOX2 1183F CCCTGTGGTTACCTCTTCC SEQ ID NO: 21
endo* 1441 R CTCCCATTTCCCTCGTTT SEQ ID NO: 22
Nanog 433F AAAGGCAAACAACCCACT SEQ ID NO: 23
TO02R GCTATTCTTCGGCCAGTT SEQ ID NO: 24
Nanog 1197F CTCCTCCCATCCCTCATA SEQ ID NO: 25
endo* 1302R AGGCTCCAACCATACTCC SEQ ID NO: 26
Lin28 270F GTTCGGCTTCCTGTCCAT SEQ ID NO: 27
391R CTGCCTCACCCTCCTTCA SEQ ID NO: 28
Lin28 1135F AGCCAAGCCACTACATTC SEQ ID NO: 29
endo* 1434R AGATACGTCATTCGCACA SEQ ID NO: 30
Eras F GCCCCTCATCAGATCCAGATTT SEQ ID NO: 31
R GCAGCTCAAGGAAGAGGTGT SEQ ID NO: 32
Ecatl E GGCGAGCTGAGATTTGGATA SEQ ID NO: 33
R CCAGCCTCCAGAGCCTCTAT SEQ ID NO: 34
Esgl F ATTCGGGCTAAATGGATGC SEQ ID NO: 35
R TAGCTCCAGGGTCTTCATGG SEQ ID NO: 36
Crvypto F TCCTTCTACGGACGGAACTG SEQ ID NO: 37
R AGAAATGCCTGAGGAAAGCA SEQ ID NO: 38
Rex1 E GGAAGAAATGCTGAAGGTGGAGAC SEQ ID NO: 39
R AGTCCCCATCCCCTTCAATAGC SEQ ID NO: 40
Soxl F CACAACTCGGAGATCAGCAA SEQ ID NO: 41
R GGTACTTGTAATCCGGGTGC SEQ ID NO: 42
Pax2 F GTCCATCTTTGCTTGGGAAA SEQ ID NO: 43
R TAGCCAGGTTGCGAAGAACT SEQ ID NO: 44
Brach- E AATTGGETCCAGCCTTGGAAT SEQ ID NO: 45
YUry R CGTTGCTCACAGACCACA SEQ ID NO: 46
Flk1l F TGATCGGAAATGACACTGGA SEQ ID NO: 47
R CACGACTCCATGTTGGTCAC SEQ ID NO: 48
Sox17 E CTCTGCCTCCTCCACGAA SEQ ID NO: 49
R CAGAATCCAGACCTGCACAA SEQ ID NO: 5O
HNEF3p F GGAGCGGTGAAGATGGAA SEQ ID NO: Bl
R TACGTGTTCATGCCGTTCAT SEQ ID NO: b2

*primers speclfically recognlize endogenous gene.

[0129]
lated and digested with

Southern blotting. 10 ug of genomic DNA was 150-

HcoRI from mc-1PS cell subclones

derived from each of the three human donors, hASCs, and H9
human ES cells. As positive-controls, we included human 1PS
cells derived using lentiviral transduction methods (courtesy
Dr. James Thomson, U. of Wisconsin), as well as EcoRI-

digested and undigested minicircle DNA (8.8 pg starting
amounts). After digestion, DNA was separated in 0.8% aga-
rose gel in TAE butler, then capillary-transierred overnight
onto a positively charged BrightStar™-Plus nylon membrane
(Ambion) 1n alkaline solution (0.4 N NaOH, 1 M NaCl).
Hybridization was performed using synthesized biotin-la-
beled probes for either Oct4 or Sox2, and detected with the
Biostar-BioDetected™ Kit (Ambion).

[0130] Bisulfite pyrosequencing. We used a service pro-
vider (EpigenDx). Brietly, 1000 ng of sample DNA was bisul-
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fate treated using the Zymo DNA Methylation Kit (Zymo
Research). The PCR was then performed with one of the PCR
primers biotinylated to convert the PCR product to single-
stranded DNA templates. The PCR products were sequenced
by Pyrosequencing PSQ96 HS System (Biotage) following
the manufacturer’s instructions (Biotage). The methylation
status of each locus was analyzed individually as a T/C SNP
using QCpG software (Biotage).

[0131] Microarray hybridization and data acquisition. Total
RNA was prepared from biological duplicate samples of
hASCs and H7 human ES cells, and mc-1PS cell subclones
from two 1ndividuals, for a total of 6 unique samples. Using
Agilent Low RNA Input Fluorescent Linear Amplification
Kits, cDNA was reverse transcribed from each RNA sample,
as well as from a pooled reference control, and cRNA then
transcribed and fluorescently labeled with Cy3/Cy3. cRNA
was purified using an RNeasy kit (Qiagen). 825 ng of Cy3-
and Cy5-labeled and amplified cRNA was hybridized to Agi-
lent 4x44K whole human genome microarrays (G4112F) and
processed according to the manufacturer’s instructions. The
array was scanned using an Agilent G2505B DNA microarray
scanner. The image files were extracted using Agilent Feature
Extraction software version 9.5.1 applying LOWESS back-
ground subtraction and dye-normalization. The data were
analyzed using GeneSpring GX 10.0 (Agilent Technologies,
Santa Clara, Calif.). For heatmap generation, we used
ANOVA statistical analysis with multiple testing correction
to 1dentily genes which had significant (P<0.01) changed
expression between each group; the fold change data for
hASC and H7 human ES cell duplicate samples were aver-
aged for the heatmap. For hierarchical clustering, we used
Pearson correlation for similarity measure and average link-
age clustering.

[0132] Flow cytometry analysis and sorting. FACS analysis
and sorting was carried out using a BD LSR analyzer (BD
Biosciences) or FACSVantage SE Flow Cytometry System
(BD Biosciences) at the Stanford Shared FACS Facility, and
data were analyzed by Flowlo (Tree Star Inc). Antibodies
used 1n this study were anti-CD31 (BD Pharmingen) for
endothelial cell studies; otherwise cells were sorted by GEFP
expression. Isotype-matched antibodies were used in flow
cytometry for background fluorescence.

[0133] Bioluminescence imaging. We constructed a
double-tusion reporter gene plasmid (GFP/Tirefly luciferase)
driven by a CMYV promoter, and created a minicircle vector
from the expression cassette using the techniques already
described. In vitro imaging of minicircle- or plasmid-trans-
tected hASCs (see Supplementary FIG. §) was performed
with the Xenogen In Vivo Imaging System (Caliper Life-
Sciences). Before imaging, cell media was removed and
D-Luciferin (Biosynth AG) and phosphate-buffered saline
(PBS) added m a 1:100 ratio. Exposures were taken within 5
minutes of addition of D-Luciferin, and then repeated until
maximum bioluminescent signal expressed as photons/sec/
cm?/sr was obtained. Three independent experiments were
performed.

[0134] In vitro differentiation. mc-1PS cells cultured on
Matrigel were treated with Collagenase Type IV (Invitrogen)
and transierred to ultra-low attachment plates (Corning Life
Sciences) 1n suspension culture for 8 days with DMEM/F12
(1:1) containing 20% knockout serum (Invitrogen), 4.5 g/L
L-glutamine, 1% nonessential amino acids, 0.1 mM 2-mer-
captoethanol, 50 units/ml penicillin, and 50 ug/ml streptomy-
cin. EBs were then seeded 1n 0.25% gelatin-coated tissue
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culture dish for another 8 days. Spontaneous differentiation
of mc-1PS cells into cells of mesoderm, endoderm, and ecto-
derm lineages was then detected by RT-PCR and appropriate
markers by immunofluorescence. Directed differentiation of
mc-1PS to cardiomyocytes, neurons, and endothelial cells
followed previously published protocols.

[0135] 'Teratoma formation. To examine the 1n vivo devel-
opmental potential of human 1PS cells generated through
minicircle DNA-based reprogramming, mc-1PS cells grown
on Matrigel-coated dishes were collected by Collagenase 1V
treatment and 1njected 1nto the dorsal flank of 6 week-old
immunocompromised SCID-beige mice. We 1njected 0.5x
10° cells from each of the three donor iPS cell lines into
individual mice, and repeated the experiment a total of three
times (n=9 mice total). After eight weeks, teratomas from all
mice were dissected and fixed in 4% paraformaldehyde.
Samples were embedded in paraifin and processed with
hematoxylin and eosin staining.

[0136] Statistical analysis. Unless otherwise noted, non-
microarray data are presented as mean+S.D. Data were com-
pared using standard or repeated measures, using ANOVA
where appropriate. Pairwise comparisons were performed
using a two-tailed Student’s t-test. For all data, differences
were considered significant for P-values<0.05.

Example 2

Feeder-Free Derivation of Induced Pluripotent Stem
Cells from Adult Human Adipose Stem Cells

[0137] Ectopic expression of transcription factors can
reprogram somatic cells to a pluripotent state. However, most
of the studies used skin fibroblasts as the starting population
for reprogramming, which usually take weeks for expansion
from a single biopsy. We show here that induced pluripotent
stem (1PS) cells can be generated from adult human adipose
stem cells (hASCs) freshly i1solated from patients. Further-
more, 1PS cells can be readily dertved from adult hASCs 1n a
teeder-free condition, thereby eliminating potential variabil-
ity caused by using feeder cells. hASCs can be safely and
readily 1solated from adult humans 1n large quantities without
extended time for expansion, are easy to maintain 1n culture,
and therefore represent an 1deal autologous source of cells for
generating individual-specific 1PS cells.

[0138] Induced pluripotent stem (1PS) cells have been suc-
cessiully dertved from somatic cells with ectopic expression
of transcription factors Oct4, Sox2, and either Kli4 and
c-MYC or Nanog and Lin28. More importantly, the genera-
tion of patient-specific and disease-specific 1PS cells has the
potential to greatly impact the future of regenerative medi-
cine, drug development, as well as our basic understanding of
specific disease mechanisms. With the fast progress in this
field, different reprogramming strategies have been devel-
oped, including using nonintegrating adenoviruses, two fac-
tors with small molecules, reprogramming with a polycis-
tronic cassette contaimng all four {factors, excisable
transposons, and more recently, virus-ree plasmaid.

[0139] However, the majority of these studies use skin
fibroblasts as the parental cells, which usually requires at least
4 weeks to expand from a single skin biopsy to get enough
starting cells for reprogramming. The reprogramming efli-
ciency ol adult human fibroblasts using “Yamanaka™ four
factors (Oct4, Sox2, K114, and c-MYC) 1s also still very low at
under 0.01%. Although Zhao et al. reported improved repro-
gramming efficiency of adult human fibroblasts using p53
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and UTF1 siRNAs, inhibition ol p53, a potent tumor suppres-
sor, may cause the reprogrammed 1PS cells to be less safe for
tuture application.

[0140] Another critical consideration within the 1PS cell
field 1s the more practical concern of accessibility of parental
cells for reprogramming. In humans, many cell types such as
hepatocytes and neural progenitors are not easily accessible
without performing highly invasive procedures. Moreover,
some sources ol cells are rare and not available 1n large
quantities, making them poor candidates for reprogramming
in a clinical setting. For example, neural stem cells that can be
reprogrammed with only a single factor, Oct4, are a rare
population and technically difficult to obtain.

[0141] Human adipose stem cells (hASCs) are a heteroge-
neous group of multipotent progenitor cells that can be
readily derived from adipose tissue of adult humans 1n very
large quantities by lipoaspiration. These cells are multipotent
stem cells and can differentiate into adipogenic, osteogenic,
chondrogenic, and myogenic cell lineages. hASCs may there-
fore possess a different genetic and epigenetic landscape that
1s more 1deal for reprogramming than the terminally differ-
entiated fibroblast cells.

[0142] Here we report that hASCs obtained from four 40-
to 65-year-old individuals can be reprogrammed into 1PS
cells. The appearance of embryonic stem (ES) cell-like colo-
nies from reprogramming hASCs was ~2-fold faster and ~20-
fold more efficient than from reprogramming human IMR90
fibroblasts using the Yamanaka four factors. Furthermore, 1PS
cells can be readily derived from hASCs on feeder-iree sur-
faces using Matrigel-coated tissue culture dishes, thereby
reducing the variability of reprogramming processes that may
caused by using mouse feeder cells. Our results indicate that
hASCs are an easily obtainable cell source that can be more
elficiently reprogrammed into adult, individual-specific 1PS
cells.

[0143] Inourreprogramming experiments, we lirst 1solated
hASCs via lipoaspiration from four individuals between the
ages o1 40 and 63. The human fibroblast cell line IMR90 was
used 1n parallel to compare the efficiency and length of time
for the reprogramming process. Cells were first transduced
with individual lentiviruses containing human Oct4, Sox2,
Kli4, and ¢c-MYC at a 1:1:1:1 ratio on day 0. Transduction
was repeated on day 2 using the same batch of all four len-
tiviruses. The efficiency for each lentiviral transduction was
greater than 50%. On day 3 after the first transduction, 50,000
cells were transferred onto mouse embryonic fibroblast
(MEF) teeder layer, with the culture medium switched from
the hASC growth medium to human embryonic stem (hES)
cell growth medium mTeSR-1.

[0144] We observed many small colonies of non-ES cell-
like cells beginning on day 4 that had morphologies similar to
the “background colonies™ or “early colonies™ described in
previous studies. These non-ES cell-like colonies expanded
rapidly but lacked the typical characteristics of hES cells,
such as defined boundaries and high nuclear-to-cytoplasm
ratio within individual cells (FIG. 15). From day 12-13,
clearly recognizable, tightly packed colonies with morpholo-
gies similar to hES cells appeared.

[0145] Previous studies have reported the isolation of
human 1PS cells based on both cell morphology and immun-
ostaiming of living cells with the embryonic surface marker
TRA-1-81. In our study, we compared the immunostaining of
the hES cells and the reprogrammed ES cell-like colonies by
TRA-1-81 and TRA-1-60, and found that TRA-1-60 showed
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comparable staiming with that of TRA-1-81 for both hES cells
and the ES cell-like colonies from reprogramming of hASCs
(F1G. 16). TRA-1-60 has also been used 1n combination with
endogenous Nanog expression to determine the success of
reprogramming. We thus moved along using TRA-1-60 as the
surface marker together with typical ES cell-like morphology
to track the progression of the putative 1PS colonies. We
consistently observed TRA-1-60 positive colonies that
appeared as early as on day 10, although these colonies were
still too small to be recognized with brightfield microscopy.
The number and size of the TRA-1-60 positive colonies
increased over time after day 10. From day 15 to day 16, large
ES cell-like colonies containing ~400-300 cells could be
1solated mechanically and transierred onto Matrigel for fur-
ther expansion.

[0146] Foreach hASC line reprogrammed, we consistently
observed ~100 TRA-1-60 positive, ES cell-like colonies out
of 50,000 cells on day 16 (Tables 4-5).

TABL.

(L]

4

Table 1. TR A-1-60-positive ES-like colonies

Day 16 on MEFs

Day 18 on Matrigel

Cell line (out of 5 x 10* cells) (out of 2 x 10° cells)
hASC-I1 73+£12 (n=6) 22 +5 (n=35)
hASC-I2 96 £ 15 (n=35) 5710 (n=4)
hASC-I3 110 £12 (n=4) 40 £7 (n=4)
hASC-14 87 +7 (n=4) 23 +4 (n=23)
IMR90 2~4 (n=4) 0 (n=06)
TABLE 5

Table S1. Derivation of hASC-IPS cell lines

Colonies Cell line Teratoma
Individual picked established tested
Feeder-Free 1 8 6 2
2 6 6 2
3 6 5 2
4 6 6 2
With Feeder 1 4 4 N
2 4 4 N
3 4 4 N
4 4 3 N

N - None tested

[0147] The number of non-ES cell-like colonies varied 1n
cach reprogramming and was higher than the number of ES
cell-like colonies. Some non-ES cell-like colonies overgrew
over time and detached from the feeder cells. Previous studies
have reported calculating reprogramming efficiency based
solely on the ES cell-like morphologies of the observed colo-
nies with a success rate of ~90-100%. However, we did
observe a few colonies that had ES cell-like morphologies but
were negative for TRA-1-60/TRA-1-81 and some non-ES
cell-like cell clumps with nonspecific TRA-1-60/TRA-1-81
staining (F1G. 17). Therefore 1n this study, we combined the
ES cell-like morphology and TRA-1-60 immunostaining of
living cells to improve the accuracy of determinations of our
reprogramming efliciency. We believe that the combination
of TRA-1-60 expression and ES cell-like morphology repre-
sents a more rigorous criteria, or at least comparable with
previous criteria, for calculating reprogramming efliciency.
Indeed, ~90% TRA-1-60 positive ES cell-like colonies that

we tested on day 18 posttransduction expressed the late pluri-
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potency marker Nanog (FIG. 18), suggesting a high success
rate of identifying reprogrammed colonies. Based on this
method, the calculated efficiency of reprogramming was
~0.2%. In contrast, reprogramming IMR90 cells carried out
under the same conditions resulted 1n only approximately two
to four recognizable TRA-1-60 positive colonies out of
50,000 cells 28 days after transduction. This low reprogram-
ming efficiency using IMR90 fibroblasts 1s consistent with
and comparable to the results reported by previous studies
using Yamanaka four factors to reprogram human fibroblasts.
To our knowledge, the highest efficiency of reprogramming
adult human fibroblast cells with the Yamanaka four factors
described 1n current literature 1s only ~0.01%. Based on the
appearance and number of TRA-1-60 positive ES cell-like
colomes, our results indicate that reprogramming adult
h ASCs 1s more efficient and faster than reprogramming adult
human fibroblasts.

[0148] Wealso attempted to generate 1PS cells from hASCs
under feeder-free conditions. We seeded 2x10° hASCs from
cach of the four individuals directly on the Matrigel-coated
surface within one well of a six-well tissue culture dish and
transduced the cells with all four factors. TRA-1-60 positive
colonies appeared as early as on day 12. Recognizable TR A-
1-60 positive ES cell-like colonies surrounded by cobble-
stone-like cells originating from hASCs were observed as
carly as on day ~13-14 under brightfield microscopy. Large
TRA-1-60 positive, ES cell-like colonies could be visualized
and were transierred to new Matrigel-coated dishes for fur-
ther expansion from day ~18-20. The developmental progres-

sion of a typical ES cell-like colony on Matrigel 1s shown 1n
FIG. 10. We consistently obtained ~20-70 TR A-1-60 positive

ES cell-like colonies (Table 4) out of 2x10° seeded hASCs on
Matrigel without feeder cells, which accounts for an eifi-
ciency of ~0.01-0.03%. However, the mnitial density of the
seeded cells seemed to be critical for successiul reprogram-
ming, because ES cell-like colomies were not observed when
less than 1x10° hASCs were initially seeded. Because the
hASC derntved ES cell-like colonmies are morphologically

indistinguishable from hES cells, we thus defined them as
“hASC-1PS cells.”

[0149] We next characterized the hASC-1PS cells that were
1solated from the large ES cell-like TR A-1-60 positive colo-
nies (~>500-600 cells/colony) generated 1n feeder-iree con-
ditions. We chose to use feeder-free hASC-1PS cell lines for
turther analysis to eliminate the potential contaminating fac-
tors Irom feeder cells and also to ensure that our analysis was
consistent among the different cell lines. We 1nmitially picked
eight single colonies from feeder-iree reprogramming hASCs
of individual 1, and s1x out of the eight picked single colonies
were successiully expanded in feeder-free culture condition.
For individual 2, 3, and 4, we picked six single colonies from
each individual. All total 18 colonies, but one was success-
tully expanded and cultured in feeder-free condition for
extended time (Table 5). Immunostaining of different feeder-
free hASC-1PS cell lines with alkaline phosphatase (AP),
Oct4, Sox2, Nanog, TRA-1-60, TRA-1-81, and SSEA-4 indi-
cated they are positive for typical hES cell markers (FIG.
11A). The expression level of several pluripotency genes 1n
hASC-derived 1PS cells was also analyzed by quantitative
PCR (FIG. 118). Of the four lines of hASC-derived 1PS cells
analyzed, Oct4, Sox2, Nanog, and Rex1 were expressed at
comparable levels with those of H9 hES cells. In contrast,
nonreprogrammed hASCs showed very low or no expression
of these genes. Overall, our results indicate that the pluripo-
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tency gene expression level in hASC-dertved 1PS cells 1s
similar with those 1n hES cells. Interestingly, the expression
level of K114, one of the reprogramming factors, was found to
be ~3-1old higher in hASCs than in H9 hES cells (FIG. 11B).
The hASC-1PS cells also had a normal karyotype after
extended culture for 3 months with 46 chromosomes and no
translocations (FI1G. 19), indicating maintenance of chromo-
some stability overtime.

[0150] The promoter regions of pluripotency genes 1n
reprogrammed somatic cells are often demethylated, causing,
increased expression of downstream genes. We therefore ana-
lyzed the methylation status of the Oct4 and Nanog promoter
regions of hASCs and hASC-1PS cells by quantitative bisul-
phite pyrosequencing. All of the tested hASC-1PS cell lines
shared a hypomethylation pattern similar to that of hES cells,
whereas hASCs showed prominent methylation at these loci
similar to that of IMR90 fibroblasts (FIG. 11C). These results
demonstrate epigenetic remodeling of the Oct4 and Nanog
promoters within the hASCderived 1PS cells and are indica-
tive of successiul reprogramming.

[0151] To further compare hASCs, hASC-1PS cells, and
hES cells, whole genome expression profiling by microarray
analysis was performed. hASC-1PS cells showed a high
degree of similanty in their gene expression patterns and
close Pearson correlation values with those of human ES
cells, and were distinct from hASCs (FIG. 11D). To demon-
strate pluripotency of our hASC-1PS cells, we performed both
in vitro (EB formation) and in vivo (teratoma formation)
differentiation assays. Two individual lines of hASC-1PS
cells from two patients were tested, and each readily differ-
entiated into derivatives ol the three embryonic germ layers in
vitro (FIG. 12A-F). We also 1njected eight different lines of
h ASC-1PS cells from the four human patients (two lines from
cach individual) into the dorsal flanks of immunodeficient
athymic mice. From all of the eight lines injected, teratoma-
like masses containing tissues of all three embryonic germ

layers were observed 7-8 weeks after injection (FIG. 12G-L
and FIG. 20).

[0152] To understand the factors that may contribute to the
faster and more etficient reprogramming of hASCs relative to
IMR90 human fibroblasts, we analyzed the expression of a
list of pluripotency and surface markers in hASCs and com-
pared with those of hES cells and IMR90s. Fluorescence-
activated cell sorting (FACS) analysis indicated that =35% of
hASCs (PO cells) were positive for the early pluripotency
marker AP (FIGS. 13 A and B), which agreed with a previous
report that a subpopulation of multipotent adipose derived
stromal cells express AP. Staining the AP activity of 1n vitro
cultured hASCs confirmed that some of the hASCs (hetero-
geneous 1n nature) expressed AP at various level (FIG. 13C).
In contrast, IMR90 cells did not express any AP activity as
indicated by FACS analysis and AP staining (FIGS. 13B and
C). This result suggested that a subpopulation of multipotent
hASCs already have unique stem cell properties that signifi-
cantly different from the unipotent fibroblast cells.

[0153] FACS analysis also indicated that individual hASCs
expressed mesenchymal stem cell markers CID29, CD44,
CD90, and CD146 (FIGS. 13A and B). hASCs did not
express any of the pluripotency markers Oct4, Nanog, TR A-
1-60, TRA-1-81, SSEA-3, and SSEA-4 (FIGS. 13A and B).
Immunocytochemistry confirmed that individual hASCs did
not express these pluripotency markers (FIG. 21). Interest-
ingly, SSEA-3 was expressed when “colony-forming units-

fibroblasts” (CFU-F) were formed (FIG. 21), but not 1n 1ndi-
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vidual hASCs. We observed no pluripotency marker
expression 1 IMR90 fibroblasts (FIG. 13B). Quantitative-
PCR analysis of the expression level of certain pluripotency
genes and reprogramming factors indicated that Kli4 (=8-
told), KIli2 (=2-1old), Esrrb (not detected in IMR90s), and
c-MYC (=9-1old) were expressed at a higher level in hASCs
than those in IMR90s (FIG. 13D). KIi5 was expressed at a
similar level 1n both hASCs and IMR90s, and was =2- to
3-fold higher than 1n hES cells (FIG. 13D). K114, KI1i5, and
K112 are the core Klf protein circuitry that regulates seli-
renewal of ES cells and Nanog expression. ¢c-MYC 1tseld 1s
one of the reprogrammaing factors. Thus, these results overall
indicated a clear difference at the gene expression level
between hASCs and human fibroblasts.

[0154] We have generated human 1PS cells from hASCs
isolated from adult human patients (between the ages of
40-65) with a faster speed and higher efficiency than compa-
rable studies targeting adult human {fibroblasts using
Yamanaka four factors. Furthermore, we show that human
1PS cells can be readily generated under feeder-free condi-
tions using adult hASCs, which reduces the variability of
reprogramming associated with using mouse feeder cells.
hASC-derived 1PS cells express ES cell markers and genes
associated with pluripotency at similar levels to hES cells and
are morphologically indistinguishable from their hES cell
counterparts. Hypomethylation patterns within the Oct4 and
Nanog promoter regions and global mRNA expression pat-
terns are also similar to hES cell profiles. hASC-derived 1PS
cells can differentiate 1nto cell types belonging to all three
germ layers both 1n vitro and 1n vivo, indicating they are true
pluripotent cells.

[0155] As stated previously, hASCs are progemitor cells

capable of differentiating into multiple lineages, including
osteogenic, myogenic, and adipogenic fates. Because hASCs
retain this plasticity with regard to differentiation, 1t 1s likely
that these cells have an epigenomic reulgatory pattern that 1s
closer to pluripotent cells compared to terminally differenti-
ated fibroblast cells. Thus, the unique epigenetic landscape of
hASCs may present fewer barriers for reprogramming, result-
ing 1n higher efficiency and faster generation of 1PS cells.
Indeed, FACS analysis (FIGS. 13A and B) and AP staining
(FI1G. 13C) indicated that hASCs express AP activities, which
1s proposed as a most reliable early pluripotency marker of ES
cells. Our results are consistent with a previous study showing
that a subpopulationof CD146™, CD34~, CD457,CD56™ cells
1solated from human adipose tissue express strong AP activity
and are multlpotent Thus, this unique property of hASCs
clearly differs from the unipotent fibroblast cells without AP
activity and may lead to higher efficiency of and faster repro-
gramming. Furthermore, quantitative-PCR (FIGS. 11B and
13D) and microarray (FIG. 11D) results show consistently
high K114 expression within hASCs relative to not only fibro-
blasts, but also hES cells. Compared to IMR90 fibroblasts,
hASCs also express higher level of pluripotency genes Kli2
and Esrrb, as well as the reprogramming factor c-MYC.
hASCs also express KIi5 at a similar level with IMR90s. It 1s
not a surprise to see relatively high KIi5 expression in
IMR90s, because KLF5 has been shown to promote cell
proliferation and present abundantly 1n epithelial cells. K114,
K113, and K112 are the core KLF protein circuitry with redun-
dant function in regulating self-renewal of ES cells and
Nanog expression. Thus, the high endogenous expression
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level of K114, K112, KIf3, Esrrb, and c-MY C likely contributes
toward the efficiency and speed by which hASCs can be
reprogrammed.

[0156] Using hASCs as the parental cells for reprogram-
ming has several advantages over other cell types such as
neural stem cells, liver cells, and skin fibroblasts. First, the
lipoaspiration procedure for 1solating hASCs i1s relatively
simple, fast, and safe. Second, it 1s easy to obtain a large
quantity of hASCs as the starting population for reprogram-
ming after a single lipoaspiration operation. Millions of
hASCs can be dertved on the same day of lipoaspiration, and
the reprogramming can be performed immediately after the
collected cells are seeded on culture dishes. In contrast, skin
fibroblasts are typically dertved from a small skin biopsy and
require at least 4 weeks of culture and expansion to reach
suificient numbers for reprogrammmg Third, unlike some
cell types targeted for reprogramming, such as juvenile kera-
tinocytes and neonatal fibroblasts, hASCs can be isolated
from patients of all ages. This will have significant ramifica-
tions for clinical applications of 1PS cells as 1t 1s more likely
that older patients will require such therapies. In the future,
these positive qualities of hASCs, combined with their faster
reprogramming time as demonstrated in this study, could
significantly reduce the time required for patients awaiting
regenerative treatments. Feeder-free dervation of 1PS cells
from hASCs thus represents a more climically applicable
method for derivation of 1PS cells compared to other cell
types and should enable more efficient and rapid generation
of patient-specific and disease-specific 1PS cells.

Materials and Methods

[0157] Cell Culture and Maintenance of hASC-1PS Cells.
hASCs were maintained with Dulbecco’s modified Eagle
medium (DMEM) containing 10% FBS, Glutamax-I, 4.5 g/LL
glucose, 110 mg/L sodium pyruvate, S0 U/mL pemcillin, and
50 pg/mL streptomycin at 37° C., 95% air, and 5% CO, 1n a
humidified incubator. IMR90 human {fibroblast cells were
obtained from American Type Cell Culture (ATCC) and
maintained with DMEM containing 10% FBS, L-glutamine,
4.5 g/LL glucose, 100 U/mL penicillin, and 100 ng/ml strep-
tomycin. All cells used for reprogramming were within pas-
sage two. Derived 1PS cells were maintained either on MEF
teeder layer or on Matrigel-coated tissue culture dishes (ES
qualified; BD Biosciences) with mTESR-1 hES Growth
Medium (Stemcell Technology).

[0158] Lentivirus Production and Transduction. 293FT
cells (Invitrogen) were plated at =80% confluence per 100-
mm dish and transfected with 12 pg each lentiviral vectors
(Oct4, Sox2, Kli4, c-MYC) plus 8 ug packaging plasmids and
4 ug VSVG plasmids using Lipofectamine 2000 (Invitrogen)
following the manufacturer’s instructions. The resulting
supernatant was collected 48 h after transfection, filtered
through a 0.45-um pore-size cellulose acetate filter (What-
man), and mixed with PEG-1t Virus Concentration Solution
(System Biosciences) overnight at 4° C. Viruses were precipi-
tated at 1,500xg the next day and resuspended with Opi-
MEM medium (Invitrogen).

[0159] Immunofluorescence and Alkaline Phosphatase
Staining. Cells were fixed with 2% formaldehyde in PBS for
2 min, permeabilized with 0.5% Triton X-100 1n PBS for 10
min, and blocked with 5% BSA 1n PBS for 1 h. Cells were
then stained with appropriate primary antibodies and Alex-
aFluor-conjugated secondary antibodies (Invitrogen). The
primary antibodies for Oct3/4 (Santa Cruz Biotechnology),
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Sox2 (Biolegend), K14 (Abcam), c-MYC (Abcam), SSEA-3
(Chemicon), SSEA-4 (Chemicon), Tra-1-60 (Chemicon),
Tra-1-81 (Chemicon), Nanog (Santa Cruz Biotechnology),
Desmin (Sigma), Sox17 (R&D System), and Tuj-1 (Covance)
were used 1n the staining. Alkaline phosphatase (AP) staining,
was performed using the Quantitative Alkaline Phosphatase
ES Characterization kit (Chemicon) following the manufac-
turer’s instruction.

[0160] Quantitative-PCR. Total RNA and ¢cDNA of each
sample were prepared using the RNeasy Mimi Plus kit
(Qiagen) and the QuantiTect Reverse Transcription kit
(Qiagen), respectively, following the manufacturer’s instruc-
tions. Quantitative-PCR to measure mRNA expression levels
was done with Tagman Gene Expression Assays (Applied
Biosystems) using a SteponePlus Realtime-PCR System
(Applied Biosystems) 1in the Protein and Nucleic Acid Facil-
ity at Stanford Umiversity School of Medicine.

[0161] In Vitro Differentiation. hASC-1PS cells cultured on
Matrigel were treated with collagenase type IV (Invitrogen)
and transierred to ultra-low attachment plates (Corning Life
Sciences) 1n suspension culture for 8 days with DMEM/F12
(1:1) containing 20% knockout serum (Invitrogen), 4.5 g/L
L-glutamine, 1% nonessential amino acids, 0.1 mM 2-mer-
captoethanol, 50 U/mL penicillin, and 50 ug/mL streptomy-
cin. EBs were then seeded 1n 0.25% gelatin-coated tissue
culture dish for another 8 days. Spontaneous differentiation
of hASC-1PS cells mto cells of mesoderm and endoderm
lineages was then detected with appropriate markers by
immunofiluorescence. Differentiation into dopaminergic neu-
rons was carried out by co-culture of hASC-1PS cells with
PAG6 cells as previously described for hES cells.

[0162] Teratoma Formation. To form teratomas, ~2 million
h ASC-1PS cells were harvested from Matrigel-coated culture
dishes and injected s.c. to the dorsal flank of nude mice. After
6-8 weeks, tumors were dissected, and fixed with 10% form-
aldehyde 1n PBS. Parrafin embedded tissue sections were
then generated and stained with hemotoxylin and eosin.

[0163] Bisulifite Pyrosequencing. Briefly, 1,000 ng sample
DNA was bisulfate-treated using the Zymo DNA Methyla-
tion kit (Zymo Research). The PCR was then performed with
one of the PCR primers biotinylated to convert the PCR
product to single-stranded DNA templates. The PCR prod-
ucts were sequenced by Pyrosequencing PSQ96 HS System
(Biotage) 1following the manufacturer’s instructions

(Biotage). The methylation status of each locus was analyzed
individually as a T/C SNP using QCpG software (Biotage).

[0164] Microarray Hybridization and Data Acquisition.
Total RNA samples were prepared using the RNeasy Mini
Plus kit ((Qiagen) from biological duplicate samples. Using
Agilent Low RNA Input Fluorescent Linear Amplification
kits, cDNA was reverse-transcribed, and cRNA then tran-
scribed and fluorescently labeled with Cy5/Cy3. Cy3- and
Cy3S-labeled and amplified cRNA (825 ng) was hybridized to
Agilent 4x44 K whole human genome microarrays (G4112F)
and processed according to the manufacturer’s 1nstructions.
The array was scanned using an Agilent G2505B DNA
microarray scanner. The data were analyzed using Gene-
Spring GX 10.0 (Agilent Technologies) with multiple testing
correction to 1dentily genes that had statistically significant
changes 1n expression between each group. For hierarchical
clustering, we used Pearson correlation for similarity mea-
sure and for average linkage clustering.

[0165] Flow cytometry Analysis. FACS analysis of the
hASCs (PO), H9 hES cells, and IMR90 cells were carried out
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using a BD LSR analyzer (BD Biosciences) at the Stanford
Shared FACS Facility and data were analyzed by Flowlo
(Tree Star). Antibodies used 1n this study were phycoerythrin
(PE)-conjugated anti-CD29, CD31, SSEA-4, Oct3/4, Nanog,
CD44, CD45, and c-Kit, FITC-conjugated CD90, and
SSEA-3 (all from BD PharMingen). PE-anti-alkaline phos-
phatase, AlexaFluor4d88-conjugated TRA-1-60, and TRA-1-
81 were obtained from Millipore. FITC-conjugated anti-
CD146 was obtained from ABD Serotec. Dead cells stained
by propidium-iodide were excluded from the analysis. Iso-
type-identical antibodies (BD PharMingen) were used as
controls.

[0166] Dernivation of hASCs. hASCs were obtained by
lipoaspiration after acquiring informed consent from
patients, 1n accordance with Stanford Umiversity human IRB
guidelines. All suction assisted lipoaspiration procedures
were performed using the VASER Lipo System (Sound Sur-
gical Technologies). hASCs were harvested from the adipose
tissue of male or female patients between the ages of 40 and
65 undergoing elective lipoaspiration. Participating patients
had no prior knowledge or evidence of ongoing systemic
disease at the time of operation. All specimens were 1mme-
diately placed on 1ce and were washed sequentially 1n serial
dilutions of dilute Betadine, followed by two PBS washes of
equal volume. Adipose tissues were subsequently digested
with an equal volume o1 0.075% (wt/vol) Type 11 collagenase
in Hank’s balanced salt solution at 37° C. 1n water bath with
agitation at 125 rpm for 30 min. After inactivation of colla-
genase with serum, the stromal vascular fraction was pelleted
via centrifugation at 1,200xg for 5 min. The cell pellet was
resuspended and filtered through a 100-um cell strainer, and
the collected cells were plated within 15-cm dishes for further
expansion.

[0167] Construction of Lentiviral Plasmids. Human Oct3/
4, Sox2, Kli4, and c-MYC cDNAs were amplified by PCR
using the high fidelity PfuUltra II fusion HS DNA polymerase
(Agilent Technologies) and subcloned into modified plLLL3.7
plasmids under the cytomegalovirus (CMV) promoter (FIG.
14). The sequence of each construct was confirmed as accu-
rate by automated DNA sequencing at Geneway Incorpora-
tion. Protein expression of each factor was confirmed positive
by western blotting analyses of transiected 293FT cells.

[0168] Reprogramming hASCs with Individual Lentivi-
ruses. Reprogramming of hASCs was carried out either on
MEF feeder cells or on Matrigel-coated feeder-free surfaces.
For reprogramming on feeder cells, 2x10° hASCs were
seeded 1n six-well tissue culture dish and maintained with
hASC growth medium. The second day, cells were trans-
duced with individual lentiviruses containing human Oct4,
Sox2, Klf4, and ¢c-MYC at a 1:1:1:1 ratio plus 5 pg/mlL
polybrene (Sigma). The day of this first time transduction was
considered as day 0. Transduction was repeated on day 2
using the same batch of all four lentiviruses. On day 3, cells
were digested off the culture dish with 0.05% trypsin-EDTA
(G1bco) and counted with a hemocytometer. Cells (~50,000)
were then transferred onto mouse embryonic fibroblast
(MEF) feeder layer 1n a gelatin-coated 10-cm culture dish and
cultured with human embryonic stem (hES) cell growth
medium mTeSR-1. The old medium was aspirated, and the
cells were refreshed with new m'TeSR-1 medium everyday.
Background non-ES-like colonies usually appeared from day
5-6, while ES-like colonies with distinct light refractive prop-
erty appeared as early as on day 12-13. On day 16-20, the
living ES-like colonies were immunostained with TR A-1-60
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mAb (Millipore) and Alexafluord88 secondary antibody (In-
vitrogen). Positive colonies with ES morphologies were
picked out with a glass needle and seeded on Matrigel surface
in a new culture dish. Fach single picked colony was then
maintained and expanded following routine ES cell passag-
ing and culturing protocols and established as one individual
hASC-iPS cell line. For feeder-free reprogramming, 2x10°
hASCs were seeded 1n a well of six-well tissue culture dish
previously coated with hES qualified matrigel (BD Bio-
sciences). Cells were transduced twice with the four indi-
vidual lentiviruses on day O and day 2. On day 4-3, the
medium was switched from hASC growth medium to
mTeSR-1. Cells were refreshed with mTeSR-1 everyday. ES-
like colonies appeared as early as on day 13-14. On day
18-20, positive colonies with ES morphologies and TRA-1-

60 expression were picked out and expanded 1n feeder-free
condition.

[0169] Karyotype Analysis. Karyotype analyses of hASCs
and hASC-1PS cells were carried out at the Cytogenetics
Laboratory at Stantford Hospital and Clinics, Department of
Pathology. Cells were treated with 0.1 mg/mL colcemid for
induction of mitotic arrest and were subsequently harvested
by trypsin dispersal, hypotonic shock, and fixation with 3:1

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 53

<210> SEQ ID NO 1

<211> LENGTH: 30

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 1

gctgtcecgaca tggcgggaca cctggcectteg

<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 2

ctgtctagaa ccttcecctec aaccagttgce

<210> SEQ ID NO 3

<211> LENGTH: 32

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 3

gagggatcca tgtacaacat gatggagacg ga

<210> SEQ ID NO 4

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
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methanol:acetic acid. For each cell line, 20 metaphases were
analyzed by the standard G-banding method.

[0170] The preceding merely 1llustrates the principles of
the invention. It will be appreciated that those skilled 1n the art
will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the prin-
ciples of the invention and are included within its spirit and
scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in
understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions. Moreover, all statements
herein reciting principles, aspects, and embodiments of the
invention as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof.
Additionally, 1t 1s intended that such equivalents include both
currently known equivalents and equivalents developed in the
future, 1.¢., any elements developed that perform the same
function, regardless of structure. The scope of the present
invention, theretore, 1s not intended to be limited to the exem-
plary embodiments shown and described herein. Rather, the
scope and spirit of present invention 1s embodied by the
appended claims.
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20

-continued

<400> SEQUENCE: 4
cagctcgaga gggccgggat tctcoctceccac gtcaccgcat gttagaagac ttectcetgec

ctccatgtgt gagagg

<210> SEQ ID NO b5

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 5

cctgaattca tgagtgtgga tccagettgt

<210> SEQ ID NO 6

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 6
cagagatcta gggccgggat tctcoctccac gtcaccgcat gttagaagac ttectcetgec

ctctctcacyg tettecagg

<210> SEQ ID NO 7

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 7

caggctagcect tcttcectceccga accaaccc

<210> SEQ ID NO 8

<211> LENGTH: 82

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 8
aaggcggccg cagggcecoeggg attctectcece acgtcaccge atgttagaag acttectcetyg

ccectcaccgg tattetgtge ct

<210> SEQ ID NO 9
<211> LENGTH: 35

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 9

gatgcggccg ccaccatggt gagcaagggc gagga

<210> SEQ ID NO 10

<211l> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

60
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21

-continued

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 10

catgaattca gggccgggat tctcecctccac gtcaccgcat gttagaagac ttcectcetgec 60

ctcggcgaag gcgatgyg 77

<210> SEQ ID NO 11

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 11

catgtcgacg ttattaatag taatcaatta cg 32

<210> SEQ ID NO 12

<211> LENGTH: 41

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 12

attgcggcceg ctectegaget tgggtcetcece tatagtgagt ¢ 41

<210> SEQ ID NO 13

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 13

tatgcggccecg cgactagtga attccegttg ttttgcaaat ga 42

<210> SEQ ID NO 14

<211> LENGTH: 29

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 14

tcatctagat acattgatga gtttggaca 29

<210> SEQ ID NO 15

<211l> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 15

acccectggtyg ccgtgaa 17

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
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<400> SEQUENCE: 16

ggctgaatac cttcccaaat a

<210> SEQ ID NO 17

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 17

gcgatcaagce agcgacta

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 18

Ctcaccttee ctceccaacc

<210> SEQ ID NO 19

<211> LENGTH: 18

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 19

cagcgcatgg acagttac

<210> SEQ ID NO 20

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 20

ggagtgggag gaagaggt

<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 21

ccetgtggtt acctettcec

<210> SEQ ID NO 22

<211> LENGTH: 18

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 22

ctcceccecatttce Cﬂtﬂgttt

22

-continued
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<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 23

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 23

aaaggcaaac aacccact

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 24

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 24

gctattctte ggccagtt

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 25

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 25

ctcctecececat cccectcecata

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 26

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 26

aggctccaac catactcc

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 27

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 27

gttcggctte ctgtccat

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 28

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 28

ctgcctcace ctcecttcea

<210>
<211>

SEQ ID NO 29
LENGTH: 18

23

-continued
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 29

agccaagceca ctacattce

<210> SEQ ID NO 30

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 30

agatacgtca ttcgcaca

<210> SEQ ID NO 31

<211> LENGTH: 22

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 31

gcccocctcate agatccagat tt

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 32

gcagctcaag gaagaggtgt

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 33

ggcgagctga gatttggata

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 34

ccagcctcecca gagectcetat

<210> SEQ ID NO 35

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

24

-continued
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<400> SEQUENCE: 35

attcgggcta aatggatgc

<210> SEQ ID NO 3¢

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 36

tagctccagg gtcecttcatgg

<210> SEQ ID NO 37

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 37

tcecttetacg gacggaactyg

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 38

agaaatgcct gaggaaagca

<210> SEQ ID NO 39

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 39

ggaagaaatg ctgaaggtgg agac

<210> SEQ ID NO 40

<211> LENGTH: 22

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 40

agtccecccatce cccttcaata gc

<210> SEQ ID NO 41

<211l> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 41

cacaactcgg agatcagcaa

25

-continued
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<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 42

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 42

ggtacttgta atccgggtgc

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 423

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 43

gtccatcttt gcttgggaaa

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 44

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 44

tagccaggtt gcgaagaact

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 45

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 45

aattggtcca gccttggaat

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

SEQ ID NO 46

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 46

cgttgctcac agaccaca

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQ ID NO 47

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 47

tgatcggaaa tgacactgga

<210>
<211>

SEQ ID NO 48
LENGTH: 20

26
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27

-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 48

cacgactcca tgttggtcac 20

<210> SEQ ID NO 49

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 49

ctctgcctece tceccacgaa 18

<210> SEQ ID NO 50O

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 50

cagaatccag acctgcacaa 20

<210> SEQ ID NO 51

<211> LENGTH: 18

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 51

ggagcggtga agatggaa 18

<210> SEQ ID NO 52

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 52

tacgtgttca tgccgttcat 20

<210> SEQ ID NO 53

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: D. melanogaster

<400> SEQUENCE: 53

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys
1 5 10 15
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1-12. (canceled)

13. A population of induced human pluripotent stem cells
comprising one or more minicircle DNA vectors comprising
coding sequences encoding a plurality of reprogramming
factors, wherein:

(1) the coding sequence of each reprogramming factor 1s
operably linked to a promoters

(11) the plurality of reprogramming factors comprises Oct4,
Sox2, Lin28, and Nanog; or Oct4, Sox2, c-Myc, and
Kli4; and

(111) each of the one or more minicircle DNA vectors 1s
0.3-10 Kb 1n length and lacks expression-silencing bac-
terial sequences.

14-16. (canceled)

17. The population of induced pluripotent stem cells of
claim 13, wherein the plurality of reprogramming factors
comprises Octd, Sox2, Lin28, and Nanog.

18. The population of induced pluripotent stem cells of
claiam 13, wherein the plurality of reprogramming factors
comprises Octd, Sox2, c-Myc, and Kl1i4.

19. The population of induced pluripotent stem cells of
claim 28, wherein the coding sequences of said reprogram-
ming factors are operably linked to the same single promoter.

20. The population of induced pluripotent stem cells of
claim 19, wherein said coding sequences are separated from
cach other by sequences encoding seli-cleaving peptides.

21. (canceled)

22. A minicircle DNA vector comprising coding sequences
encoding a cocktail plurality of reprogramming factors sui-
ficient to induce pluripotency of a somatic cell population of
human adipose stem cells, wherein:

Jul. 2, 2015

(1) the coding sequence of each reprogramming factor 1s
operably linked to a promoter;

(1) the plurality of reprogramming factors comprises Oct4,
Sox2, Lin28, and Nanog; or Oct4, Sox2, c-Myc, and

Kli4; and

(111) the minicircle DNA vector 1s 0.3-10 Kb 1n length and

lacks expression-silencing bacterial sequences.

23. The minicircle DNA vector of claim 22, wherein the
cocktail plurality of reprogramming factors comprises Oct4,
Sox2, Lin28, and Nanog.

24. The minicircle DNA vector of claim 22, wherein the
plurality of reprogramming factors comprises Oct4, Sox2,
c-Myc, and Kli4.

25. The minicircle DNA vector of claim 22, wherein the
coding sequences of said reprogramming factors are operably
linked to the same single promoter.

26. The minicircle DNA vector of claim 25, wherein said
coding sequences are separated from each other by sequences
encoding self-cleaving peptides.

27. (canceled)

28. The population of mmduced pluripotent stem cells of
claim 13, wherein a single minicircle DNA vector encodes
said plurality of reprogramming factors.

29. The population of imnduced pluripotent stem cells of
claim 19, wherein said coding sequences are separated from
cach other by a sequence encoding a self-cleaving 2A peptide
sequence.

30. The population of mnduced pluripotent stem cells of
claim 13, wherein the mnduced pluripotent stem cells are 1n
teeder-layer free culture.

31. The minicircle DNA vector of claim 25, wherein said
coding sequences are separated from each other by a
sequence encoding a self-cleaving 2A peptide sequence.
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