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DESCRIPTION
REPROGRAMMING T CELLS AND HEMATOPHIETIC CELLS

BACKGROUND OF THE INVENTION
[0001] This application is related to U.S. Application No. 61/184,546 filed on
June 5, 2009 and U.S. Application No. 61/240,116 filed on September 4, 2009.

1. Field of the Invention
[0002] The present invention relates generally to the field of molecular
biology and stem cells. More particularly, it concerns reprogramming of somatic cells,

especially T cells and hematopoietic cells.

2. Description of Related Art
[0003] In general, stem cells are undifferentiated cells which can give rise to a
succession of mature functional cells. For example, a hematopoietic stem cell may

oive rise to any of the different types of terminally differentiated blood cells.

Embryonic stem (ES) cells are derived from the embryo and are pluripotent, thus
possessing the capability of developing into any organ or tissue type or, at least

potentially, into a complete embryo.

[0004] Induced pluripotent stem cells, commonly abbreviated as iPS cells or
1IPSCs, are a type of pluripotent stem cell artificially derived from a non-pluripotent
cell, typically an adult somatic cell. Induced pluripotent stem cells are believed to be
identical to natural pluripotent stem cells, such as embryonic stem cells in many

respects, such as in terms of the expression of certain stem cell genes and proteins,

chromatin methylation patterns, doubling time, embryoid body formation, teratoma
formation, viable chimera formation, and potency and differentiability, but the full

extent of their relation to natural pluripotent stem cells 1s still being assessed.

[0005] IPS cells were first produced in 2006 (Takahashi ef al., 2006) from
mouse cells and in 2007 from human cells (Takahashi ef al., 2007a; Yu et al, 2007).
This has been cited as an important advancement in stem cell research, as 1t may
allow researchers to obtain pluripotent stem cells, which are important in research and

potentially have therapeutic uses, without the controversial use of embryos.
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allow rescarchers to obtain pluripotent stem cells, which are important in research and

potcntially have therapcutic uscs, without the controversial usc of cmbryos.

[0006] In humans, 1PS cclls arc commonly gencrated from dermal fibroblasts.
However, the requirement for skin biopsies and the need to expand fibroblast cells for
several passages in vitro make 1t a cumbersome source for generating patient-specific
stem cells. Moreover, previous methods for reprogramming of human somatic cells
are 1inconvenient because they need to obtain somatic cells directly from a human
subject, or maintain the cells 1 a labor-intensive cell culture system. Therefore, there
1s a need to develop methods to induce pluripotent stem cells from alternative sources
which are simple, convenient, and ecasily accessible. In developing the present
invention, the inventors considered that blood samples may be such a source because
blood may be collected from a patient or a healthy individual, stored or transferred,
for example, from a central unit for distribution to one or more remote places.
However, there have been no reports in producing pluripotent stem cells from T cells
from such a clinically accessible source until this application to the inventors’

knowledge, demonstrating a substantial need to develop such technologies.
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SUMMARY OF THE INVENTION

|0007] The present invention overcomes a major deficiency in the art in
providing induced pluripotent stem cells derived from T cells and/or hematopoietic
progenitor cells by reprogramming. The present methods could produce 1PS cells
from a clinically accessible source of T cells, such as a 3 ml whole blood sample,
circumventing the need of mobilization of hematopoietic cells.  In other
embodiments, hematopoietic cells, such as human or mammalian CD34" CD45"
CD43" hematopoietic precursor cells, may be obtained from a blood sample and
converted to 1PS cells. Hematopoietic precursor cells may be obtained from a blood
sample of peripheral blood, e.g., via enrichment of CD34" cells or depletion of non-
CD34" cell lineages. In certain embodiments, CD34 hematopoietic cells may be
obtained from a blood sample, such as a refrigerated or cryopreserved blood sample,
which was obtained without mobilizing CD34  hematopoietic progenitor cells in the
subject prior to obtaining the blood sample. In this way, 1PS cells may be generated
from a wide varniety of blood samples, including peripheral blood samples found at

blood banks.

|0008] Thcerctore, thcre arc provided mcthods for producing induccd
pluripotent stem cells from T cells and/or hematopoictic progenitor cells comprising
the steps of: (a) obtaining a cell population comprising T cells and/or hematopoietic
progenitor cells; and (b) producing 1PS cells from T cells and/or hematopoietic
progenitor cells of the cell population to provide an 1PS cell population. Exemplary
sources of the cell population may include, but are not limited to, blood samples,
blood components, bone marrow, lymph node, fetal liver, or umbilical cord. The
source of the cell population may comprise a blood sample or cells derived from a
blood sample, wherein the blood sample was obtained from a subject without
externally mobilizing hematopoietic progenitor cells in the subject (e.g., via external
administration of a hematopoictic growth factor to the subject) prior to obtaining the

blood sample.

[0009] The cell population may be obtained from a cryopreserved blood

sample or the source of cell population or the cell population may have been
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cryopreseved. It was demonstrated that a crypreserved blood sample could be used as

a sourcc of T cclls for successtul reprogramming into 1PS cclls 1n the Examplcs.

[0010] A particular advantage of ccrtain aspccts of the present invention 1s the
ability to practice certain aspects of the present invention through the use of a small
volume of blood samples. The suitable volume of a blood sample could be from about

| to about 5 ml, about 1 to 10 ml, about 1 to 15 ml, or more specifically, about 3 ml.

[0011] Hematopoietic stem/progenitor cells, like CD34" cells, may be induced
with extrinsically applied G-CSF to mobilize into peripheral blood for enrichment in a
peripheral blood source. It has been found 1n certain aspects of the present invention
that peripheral blood cells from non-mobilized donors can achieve successful
reprogramming, therefore mobilization of bone marrow cells by extrinsically applied
ogrowth factors are not needed. Thus, in a particular aspect, the source of the cell
population may be a subject whose cells have not been mobilized with one or more
extrinsically applied hematopoietic growth factors, e.g., granulocyte colony-
stimulating factor (G-CSF). The term 'extrinsic” or ‘“external,” as used
interchangeably herein, refers to application of a mobilizing agent from outside the
organism, 1n contrast to use of CD34 ccells that have been mobilized to some degree

by intrinsic factors that originate from within the organism.

[0012] To providc a population of T cclls suitablc for reprogramming, the ccll
population comprising T cells may be prepared under conditions that will activate the
T cells in vitro, such as 1n the presence of an ant1-CD3 antibody, or in vivo (and thus
have a specific TCR for a particular antigen, e.g., a cancer antigen for melanoma
such as GP-100). This may also include the use of tetramers, vaccines and/or in vitro
peptide stimulations known 1 the art. The cell population may also be cultured in
vitro with one or more cytokines (e.g., IL-2) to expand the T cell population therein.
The T cells may be human T cells. In a particular aspect, the T cells may be CD4",
CD8" T cells, or a combination thereof. Non-limiting examples of T cells include T
helper 1 (TH1) cells, T helper 2 (TH2) cells, TH17 cells, cytotoxic T cells, regulatory
T cells, natural killer T cells, naive T cells, memory T cells, gamma delta T cells and

any T cells.
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[0013] In certain aspects, the cell population comprises from about 80% to
about 99%, about 90% to about 99%, about 97% to about 99%, or any intcrmcdiatc
range of T cells, which may correspond to from at least, about, or at most, 1 x 10° , 2 X
10°,3x 10°,4x 10°,5x 10°, 6 x 10°, 7x 10°, 8 x 10°, 9x 10°, 1 x 10%, 2 x 10%, 3 x
10, 4x10°5x 10,6 x 10*, 7x 10*, 8 x 10>, 9 x 10" 1 x 10°,2 x 10°,3 x 10°, 4 x
10°,5x 10°,6 x 10°, 7 x 10°, 8 x 10°, 9 x 10°,1 x 10°, 2 x 10° T cells or any range
derivable therein. For example, the inventors demonstrated reprogramming in 96 well

plates with as little as approximately 1-5 x 10° T cells per well (FIGS. 6A-6B).

[0014] To provide a population of hematopoietic precursor cells, the cell
population comprising hematopoictic cells may be prepared under conditions that will
result in an enrichment or expansion of CD34 cells. Specifically, the invention finds
that mobilization of bone marrow cells is not required for obtaining enough CD34"
cells for reprogramming. For example, magnetic activated cell sorting (MACS) or
fluorescence activated cell sorting (FACS) may be used to enrich CD34"
hematopoietic cells; 1n certain embodiments, an Indirect CD34 MicroBead Kit or a
Direct CD34 MicroBead Kit (both available from Miltenyr Biotec, Bergisch
Gladbach, Germany) may be used with MACS to enrich CD34" hematopoietic cells
from a samplc, such as a pcriphcral blood samplc. Additional mcthods arc also
known in the art for obtaining mobilized CD34  hematopoietic progenitor cells from
peripheral blood, mcluding the methods described 1n Gratwohl et al. (2002).
Nonetheless, in certain preferred embodiments, the CD34" hematopoietic precursor
cells may be obtained from a subject which has not been exposed to one or more
hematopoietic growth factors; thus, the CD34" hematopoietic precursor cells may
advantageously be obtained from a blood sample of a donor that has not been
mobilized by one or more extrinsically applied growth factors, including blood
samples typically found in blood banks. In other embodiments, CD34" cells may be
enriched mm a sample via depletion of mature-hematopoictic cells, such as T cells, B
cells, NK cells, dendritic cells, monocytes, granulocytes, and/or erythroid cells. For
lincage depletion, the cell suspension may be incubated with a cocktail of antibodies
(e.g., onc or more of CD2, CD3,CD11b, CD14, CDI15, CD16, CDI19, CDS56,
CD123,CD235a) which may then be used to remove the above mentioned lincage
positive cclls (e.g., Karanu et al., 2003). Thc Lincagc ccll Deplction Kit (Miltenyi

Biotce, Bergisch Gladbach, Germany) 1s also commcrcially available and may be
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used for this purpose. In certain embodiments, a combination of SCF, FIt3L, and/or
IL-3 cytokincs may be used to cxpand and prolifcrate CD34 " cells prior to conversion

to iPS cells, e.g., using the method described in Akkina ef al. (1996) or StemPro' =34
media (available from Invitrogen, Carlsbad, CA, USA).

[0015] It 1s anticipated by the inventors that virtually any hematopoietic
progenitor cell or CD34' hematopoictic cell may be reprogrammed into an iPS cell
via the methods described herein. In certain embodiments, hematopoietic precursor
cells obtained or derived from a peripheral blood sample may be converted into 1PS
cells via the methods provided herein. The hematopoietic precursor cells may express
both CD34 and CD45, or CD34, CD45, and CD43. In certain instances it may be
desirable to generate hematopoictic precursors from stem cells such as human
embryonic stem cells (hESC); in these embodiments, CD34" CD43 CD45"
hematopoietic cells highly enriched in myeloid progenitors may be generated, e.g., by
coculture of hESC with OP9 feeder cells as described 1in Choi ef al. (2009). In certain
instances the hematopoictic precursor cells may be negative for CD34 (e.g., Guo et
al., 2003); 1t 1s anticipated that these hematopoietic precursor cells may nonetheless

be ditterentiated into 1PS cells.

[0016] To produce 1PS cells from T cells and/or hematopoietic progenitor
cells of the cell population, the methods may comprise introducing one or more
reprogramming factors into the T cells and/or hematopoietic progenitor cells. In a
certain aspect, the reprogramming factors may be reprogramming proteins comprising
a Sox tfamily protein and an Oct family protein, one or more or each of which may be
operatively linked to a protein transduction domain for cellular entry. In a further
embodiment of the invention, the reprogramming factors may be encoded by one or
more expression cassettes, and may include, for example, a Sox family protein and an
Oct family protein. Sox and Oct are thought to be central to the transcriptional
regulatory hierarchy that specifies ES cell identity. For example, Sox may be Soxl1,
Sox2, Sox3, Sox135, or Sox18, particularly Sox2; Oct may be Oct4. Additional factors
may increase the reprogramming efficiency, like Nanog, Lin28, Klf4, ¢c-Myc, SV40
Large T antigen, or Esrrb; specific sets of reprogramming factors may be a sct
comprising Sox2, Oct4, Nanog and, optionally, Lin-28; or comprising Sox2, Oct4, Klf
and, optionally, c-Myc.
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[0017] In a particular embodiment, the one or more expression cassettes may
comprisc onc or morc polycistronic transcription units. The polycistronic unit may
comprise different combination of operably linked coding regions, for example, (1) at
least two reprogramming genes, such as Sox-Oct, ¢c-Myc-Klf, or Nanog-Lin2s;
alternatively, (11) a reprograming gene linked with a selectable or screenable marker.
The aspect (1) may be preferred because the mventors have found that by switching to
using bicistronic vectors that have two of the reprogramming factors per vector (Sox2
and Oct4, cMyc and Klf4, or Nanog and Lin28) without any fluorescent marker
(vector maps are represented in FIGS. 11A-11C) instead of using four separate
bicistronic vectors with one reprogramming factor and a fluorescent marker (such a
vector map 1s represented in FIG. 10), the reprogramming efficiency of using these

former vectors have improved dramatically and the 1PS colonies come up carlier

(~day 10-14 rather than day 20-24).

[0018] To co-cxpress multiple gene 1n the same polycistronic transcription
unit, the polycistronic transcription unit may comprise an internal ribosome entry site
(IRES) or a sequence coding for at least one protcase cleavage site and/or self-
cleaving peptide for polycistronic transcription. For example, the self-cleaving

peptide 1s a viral 2A peptidce.

|0019] In a still further embodiment, the one or more expression casscttes are
comprised 1 a reprogramming vector selected from the group consisting of a viral
vector, an episomal vector, or a transposon. More specifically, the vector may be a
retroviral vector, such as murine leukemia virus (MLV), Moloney murine leukemia
virus (MMLYV), Akv-MLV, SL-3-3-MLYV or another closely related virus. The viral
vector could also be a lentiviral vector. In certain aspects, the transcriptional
regulatory element may comprise a long terminal repeat region (LTR) to mediate

integration of viral genes.

[0020] In an alternative aspect, the vector may be an ¢pisomal vector, such as

an EBV-based vector, or a transposon-based vector.

[0021] In a further embodiment, the reprogramming factors may be introduced

by liposome transfection, nucleofection, clectroporation, particle bombardment,
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calcium phosphate, polycation, or polyanion, or any methods suitable for introducing

cxogcenous clements nto the cclls.

[0022] In somc furthcr aspects, the 1PS cclls could be sclected bascd on onc or
more embryonic stem cell characteristics, such as an undifferentiated morphology, an
embryonic stem cell-specific marker, an adherent property, pluripotency, multi-
lincage differentiation potential or any characteristics known 1n the art. For example,
it may be particularly convenient to select the progeny cells on the basis of the
undifferentiated morphology. The embryonic stem cell-specific marker could be one
or more specific markers selected from the group consisting of SSEA-3, SSEA-4, Tra-
1-60 or Tra-1-81, Tra-2-49/6E, GDF3, REX1, FGF4, ESG1, DPPA2, DPPA4, and
hTERT. This selection step may be employed at more than one time points after
reprogramming to ensure that cells are 1 a pluripotent state and does not return to a
differentiated state. IPS cells are also different from the T cells and hematopoietic
progenitor cells in their adherent property to a surface, which could also be employed

in a convenient separation method.

[0023] In a particular aspect, the 1PS cells may be sclected based on
essentially no expression of itroduced exogenous elements such as vector genetic
clements or reporter genes comprised 1n the expression cassettes, because a
reprogrammed cell 1s able to silence exogenously introduced material as a cell has
become pluripotent. Therefore, an essential loss of integrating vector genetic
clements, or reporter expression, e.g., fluorescence, 1s an indication 1n addition to
morphological characteristics that cell has been reprogrammed. For example, the
silence of reporter expression may be selected by fluorescence-activated cell sorting
(FACS), CAT assay or luminescence assay based on the reporter gene introduced.
“Essential loss” or “essentially free” of exogenous elements means that less than 1%,
0.5%, 0.1%, 0.05%, or any mtermediate percentage of cells of an 1PS cell population
comprises exogenous clements. The 1PS cell population may be essentially free of

integrated, exogenous viral elements.

[0024] For clinical application of the 1PS cells, the methods may further
comprise differentiating the 1PS cells to a differentiated cell, for example, a
cardiomyocyte, a hematopoietic cell, a myocyte, a neuron, a fibroblast, a pancreatic

cell, a hepatocyte, or an epidermal cell. In a further aspect, a differentiated cell, tissue
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or organ, which has been differentiated from the 1PS cell population as described
abovc may bc discloscd. The tissuc may comprisc ncrve, bonc, gut, cpithclium,
muscle, cartilage or cardiac tissue; the organ may comprise brain, spinal cord, heart,
liver, kidney, stomach, intestine or pancreas. In certain aspects, the differentiated cell,
tissue or organ may be used 1n tissue transplantation, drug screen or developmental

research to replace embryonic stem cells.

[0025] In a still further aspect, an induced pluripotent stem cell produced
according to the methods above may also be disclosed. There may also be provided an
induced pluripotent stem cell comprising a genome comprising an incomplete set of
V, D, and J segments of T cell receptor genes compared with an embryonic stem cell,
which may be a human cell. In a particular aspect, the induced pluripotent stem cell

may be essentially free of integrated, exogenous viral elements.

[0026] Embodiments discussed 1n the context of methods and/or compositions
of the invention may be employed with respect to any other method or composition
described herein. Thus, an embodiment pertaining to one method or composition may

be applied to other methods and compositions of the invention as well.

[0027] As used herein the terms “encode’ or “encoding” with reference to a
nucleic acid are used to make the invention readily understandable by the skilled
artisan howcver these terms may be uscd interchangcably with ““comprisc” or

“comprising’ respectively.

"

[0028] As uscd hcrein the specification, "a" or "an" may mcan onc or morc.
As used herein 1n the claim(s), when used 1n conjunction with the word "comprising”,

the words "a" or "an" may mean one or more than one.

[0029] The use of the term “or” 1n the claims 1s used to mean “and/or” unless
explicitly indicated to refer to alternatives only or the alternatives are mutually
exclusive, although the disclosure supports a definition that refers to only alternatives

and “and/or.” As used herein “another” may mean at least a second or more.

[0030] Throughout this application, the term “about” 18 used to indicate that a
value includes the inherent variation of error for the device, the method being

employed to determine the value, or the variation that exists among the study subjects.
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[0031] Other objects, features and advantages of the present invention will
bccome apparcnt from the following dctailed description. It should be undcrstood,
however, that the detailed description and the specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed description.

10
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BRIEK DESCRIPTION OF THE DRAWINGS

|0032] The following drawings form part of the present specification and are
included to further demonstrate certain aspects of the present invention. The invention
may be better understood by reference to one or more of these drawings 1n

combination with the detailed description of specific embodiments presented heren.

[0033] FIG. 1: Overview of T-cell reprogramming process, beginning with
activated T-cells and resulting in 1PSC colonies with hESC-like morphology. T-cell
and 1PSC colony 1images were acquired on an Olympus IX71 microscope with 10X

and 20X objectives, respectively.

[0034] FIGS. 2A-2C: Derivation and characterization of induced
pluripotent stem cells from human T-cells. (FIG. 2A) Flow cytometric analysis of
input cell source CD3 surface expression. (1) CD3 surface expression on day -3 non-
activated PBMCs and day 0 activated T-cells from the PBMC population in a
representative donor. (ii) CD3 expression gated on the transduced (GFP") cell
population 72 hours post-transduction in a representative donor to demonstrate
preferential transduction of CD3" cells. (iii) Histogram representation of the above
metrics (1-11) 1n an average of 10 donor Vacutainer-derived samples. (FIG. 2B) Flow
cytometric analysis of hESC pluripotency markers OCT4, Tra-1-81, SSEA-3 and
SSEA-4 1n representative leukapheresis (“""T1PS L-2”°) and Vacutainer© (*'T1PS V-17)
derived T1PS lines. (FIG. 2C) T-cell receptor (TCR) B chain rearrangement analysis
using multiplexed PCR primers targeted to conserved regions within the V-J region of
the TCR [ locus. Polyclonal starting T-cell populations are represented by a bell-
shaped curve of amplicon peaks within the wvalid fragment size range on the
electropherogram.  Fibroblast (non-T-cell) 1PS cells ("Fib-1PS") lack germline
rearrangement at the TCR P locus and serve as a negative control. The clonally
derived TiPS lines (representative data from two Ilcukapheresis lines and one
Vacutainer© line, “TiPS L-17, “T1PS L-2” and “TiPS V-27, respectively) show one
distinct peak of defined size. DNA fragment analysis was performed on an ABI 3730
DNA analyzer.

[0035] FIGS. 3A-3D: Characterization of induced pluripotent stem cells
from human T-cells. (FIG. 3A) RT-PCR analysis of representative leukapheresis

11
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(“T1PS L-1 and L-2”) and Vacutainer© (“TiPS V-2) derived TiPS cell lines for
cxpression of hES ccll-marker genes DNMT38, LEFTB, NODAL, REXI, ESGI,
TERT, GDF3, and UTFI. GAPDH was used as positive loading control for cach
sample. (FIG. 3B) PCR analysis of genomic DNA confirms integration of the
transgenes. Forward primers for the reprogramming gene (“RG”) of interest and
reverse primers for the IRES were utilized. OCT4 forward and reverse primers were
used as the PCR reaction positive control, as shown 1n vector map. (FIG. 3C) RT-
PCR analysis of TiPS cell lines shows silencing of the exogenous transgenes, with
GAPDH as positive control for each sample. hESC line H1 and a fibroblast derived
1IPSC line (F1b-1PS) served as positive cell controls, and activated donor T-cells served
as a negative cell control. (FIG. 3D) TiPS clones expressed human embryonic stem

cell-specific pluripotency markers as shown by flow cytometry analysis.

[0036] FIGS. 4A-4E. in vivo and in vitro differentiation potential of TiPS
cell lines. (FIG. 4A) Tecratoma formation shows in vivo differentiation potential.
Ti1PS cells injected into SCID/beige mice formed teratomas at 5 to 12 weeks.
Hematoxylin and e¢osin staining shows tissues consistent with derivation from the
three primary germ layers including simple epithelium with goblet cells indicating
gastromtcstinal or respiratory tissuc (cndodcrm), cartilage (mesodcerm) and rctinal
pigmented epithelium (ectoderm). Representative images from TiPS L-2 cell line
were acquired using an Olympus 1X71 microscope using a 40X objective. (FIG. 4B)
In vitro differentiation into neurons. TiPS L-2 cells were induced into neuronal
differentiation as aggregates then stained for neuronal marker beta I11-tubulin with an
Alexa Fluor 594 secondary antibody; cell nucler were counterstained with Hoechst
stam. Images were acquired using a 20x objective. Contrast was adjusted and 1mages
were merged using Image J software. (F1G. 4C) Cardiac induction of TiPS cells via
cell aggregate method. Cell aggregates contain beating cardiac troponin T (CTNT)-
positive cardiomyocytes at day 14 to 15. Flow data from representative samples 18
shown. Images were acquired using a 10x objective. (FIG. 4D) In vitro
differentiation into hematopoietic progenitor cells. Hematopoietic progenitor cells
(HPCs) generated via a serum-free embryoid body (EB) differentiation protocol for
12 days 1in two T1PS lines compared to an hESC line (HI) and a fibroblast derived
1IPSC Iinc (F1ib-1PS). HPCs wecre quantificd via flow cytomctry by dissociating thc

EBs 1nto singlc cclls and stamning with fluorochromc-conjugatcd monoclonal

12



CA 02764373 2011-12-01
WO 2010/141801 PCT/US2010/037376

antibodics to CD34, CDA45, CD43, CD31, CD41 and CD235a. (FIG. 4E)
Hcmatopoictic clonogenic (CEFU) assays wcere performed by placing EB differentiated
and individualized cells 1into serum-free MethoCult media containing cytokines (SCF,
G-CSF, GM-CSFE, 1L-3, IL-6, and EPQO). Colonies were scored after 14 days of
incubation according to morphologic criterta as erythroid (CFU-E/BFU-E),
macrophage (CFU-M, data not shown), granulocyte (CFU-G, data not shown),
granulocyte-macrophage (CFU-GM), and granulocyte-erythroid-macrophage-
megakaryocyte (CFU-GEMM). Total CFU count 1s also denoted (CFU). Images

were acquired using an Olympus CKX41 microscope with a 2X objective.

[0037] FIG. 5. iPSC Clone Tracking. Genomic DNA was 1solated from
teratoma samples and compared with their parent cell lines for TCR 3 chain
rearrangements. Representative data 1s shown from cell line TiPS V-1. The derivative
teratoma harbors the clonal rearrangement of the parent cell ine. PCR analysis was
conducted using multiplexed primers targeted to conserved regions within the V-J

region of the TCR P locus. DNA fragment analysis was performed on an ABI 3730
DNA analyzer. Background <1000 RFU.

[0038] FIGS. 6A-6B. Reprogramming T cells in 96-cell format. FIG. 6A.
Donor A’ T cells are infected with bicistronic vectors SO (Sox2 and Oct4) and CK (c-
Myc and Klt4) and plated on MEFs. Live cell anti-Tral-60 labeling was conducted to
detect 1PS cell colonies. FIG. 6B. Donor A’ T cells are intected with bicistronic
vecotors SO (Sox2 and Oct4) and NL (Nanog and Lin28) and plated on MEFs. Live
cell anti-Tral-60 labeling was conducted to detect 1PS cell colomes. Input cell number

was shown as “Input #” to indicate the number of T cells in the starting material.

[0039] FIG. 7. DNA fingerprinting. Short Tandem Repeat (STR) analysis
shows TIPS cell lines are identical to parent activated T-cells for all 15 allelic

polymorphisms detected across the 8 STR loct analyzed. Representative data from

two TiPS lines (T1PS L-1 and TiPS L-2) 1s shown.

[0040] FIG. 8. Alkaline phosphatase (AP) staining. TiPS lines TiPS L-1 and
T1PS L-2 are AP positive. Images were acquired on an HP Scanjet G3110 computer

SCANNCY.
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[0041] FIG. 9. T1PS cell lines display normal karyotype. TiPS cell lines
“T1PS L-1" and “T1PS L-2” were grown for 6 passages on MEFs, and lincs ““T1PS V-
1”7 and “T1PS V-2” were grown on Matrigel for § of 18 total passages and 30 of 34

total passages, respectively. Cells were subjected to G banding analysis and no clonal

abnormalities were detected.

[0042] FIG. 10. Vector map of the MMLYV retroviral construct used for

reprogramming experiments. “RG” denotes reprogramming gene.

[0043] FIGS. 11A-11C. Vector maps of the bicistronic MMLV retroviral
constructs used for reprogramming experiments with improved reprogramming. FIG.
11A. Vector map of MMLV-Oct4-IRES-Sox2 (abbreviated as “Oct4-Sox2”). FIG.

11B. Vector map of MMLV-cMyc-IRES-KI1{4 (abbreviated as “cMyc-Kl1i4”). FIG.
11C. Vector map of MMLV-Nanog-IRES-Lin28 (abbreviated as “Nanog-Lin28”).

14



CA 02764373 2011-12-01
WO 2010/141801 PCT/US2010/037376

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

1. Introduction

[0044] In vitro reprogramming of somatic cells to an undifferentiated
pluripotent state by viral transfer of defined factors such as SOX2, OCT4, NANOG
and LIN2S or SOX2, OCT4, c-Myc, and KLF4 (Yu et al., 2007; Takahashi er al.,
2007b) has opened the way for the generation of patient-specific human 1PSCs using
multiple cell types (Loh er al., 2009; Aasen et al., 2008) This premise has been
further advanced by derivation of 1IPSCs via transient expression of genes or by using
protein transduction of appropriate transcription factors (Yu et al., 2009; Zhou et al.,
2009). To date, the majority of iIPSC research in humans has focused on fibroblasts as
a cell source. While fibroblasts offer certain advantages as a starting material due to
their commercial availability and case of gene delivery, they are suboptimal for large-
scale clinical derivation of 1IPSC lines due to the need for mvasive skin biopsies and
the difficulty of establishing stable lines from primary tissue. Non-mobilized
peripheral blood 1s perhaps the 1deal cell source for reprogramming due to the case of
obtaining patient samples (Maherali and Hochedlinger, 2008). Additionally, large
numbers of frozen blood samples, from living and deceased donors, are stored in

biorepositories worldwide (Kleeberger ef al., 1999).

[0045] The 1nstant invention overcomes several major problems with current
reprogramming technologies by generating induced pluripotent stem cells from T
cells and/or hematopoietic precursor cells. As discovered by the present invention,
more abundant and tractable blood cell source the derivation of 1PSCs from T
lymphocytes could be obtained from the equivalent of 1 ml whole blood. These T-cell
derived 1PSCs (“T1iPS”) share essential characteristics with hESCs as well as
fibroblast-derived 1PSC lines. Additionally, they retain their characteristic T-cell
receptor (TCR) gene rearrangements, a property which could be exploited, for
example, as a genetic tracking marker or mn re-differentiation experiments to study

human T-ccll devclopment.

|0046] Prior to the present 1nvention, the 1nventors had significant
uncertainties about the likelihood that reprogramming T cells or hematopoietic

progenitor cells would be successtul for several reasons. First, 1t was uncertain that
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whether T cells and/or hematopoietic precursor cells in blood samples would be
present 1n sufficient quantitics for reprogramming. Sccond, the possible cffcct of gence
loss from V(D)J recombination of T-cell receptor genes in reprogramming had not
been studied. Third, most of the cell types that have been reprogrammed so far are
adherent cell types. T cells are non-adherent and are cultured in suspension. It had not
been clear until this invention that T cells undergone reprogramming could make the
transition to an adherent culture condition suitable for adherent 1PS cells. Thus,
methods of the present invention have been the first to enable generation of 1PS cells
from T cells or hematopoietic precursor cells. The T cells can be easily obtained from
various sources, such as a small volume of blood sample. Similarly, hematopoietic

precursor cells, such as (CD34" / CD43" / CD45" /CD38") or (CD34°, CD133" / CD3§

) hematopoietic precursor cells, may be enriched from a peripheral blood sample.

[0047] A particular advantage of the present invention lies in rearranged and
reduced V, D, J gene segments of T-cell receptors which may be retained 1n
reprogrammed progeny cells. This serves as a specific characteristic or “bar code™ of
different clonal populations of T cell-derived 1PS cells, and also help differentiates
those 1PS cells from pluripotent stem cells which have not undergone V(D)J
rccombination. In addition, thce diffcrence in adherent property between T cclls and
1IPS cells make an advantage 1n automatic separation. Similarly, differences 1n
adherent properties between hematopoietic precursor cells and 1PS cells may be
utilized for separation. By transferring reprogrammed T cells or hematopoietic
progenitor cells to a culture condition suitable for adherence, such as placing
irradiated mouse embryonic fibroblasts (MEFs) on the bottom of the culture vessel for
T cells, 1PS cells which are derived from the T cells or hematopoietic progenitor cells
could adhere to the bottom while the T cells and/or hematopoietic progenitor cells
remain 1n suspension. Further embodiments and advantages of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>